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Purpose: Visual prosthetics are a promising assistive technology for vision loss, yet
research often overlooks the human aspects of this technology. While previous studies
focus on the perceptual experiences or attitudes of implant recipients (implantees), a
systematic account of howcurrent implants arebeingused in everyday life is still lacking.

Methods:We interviewed six recipients of the most widely used visual implants (Argus
II and Orion) and six leading researchers in the field. Through thematic analyses, we
explored the daily usage of these implants by implantees and compared their responses
to the expectations of researchers.We also sought implantees‘ input on desired features
for future versions, aiming to inform the development of the next generation of
implants.

Results: Although implants are designed to facilitate various daily activities, we found
that implantees use them less frequently than researchers expect. This discrepancy
primarily stems from issues with usability and reliability, with implantees finding alter-
nativemethods to accomplish tasks, reducing the need to rely on the implant. For future
implants, implantees emphasized the desire for improved vision, smart integration, and
increased independence.

Conclusions: Our study reveals a significant gap between researcher expectations
and implantee experiences with visual prostheses. Although limited by access to a
small population of implantees, this study highlights the importance of focusing future
research on usability and real-world applications.

Translational Relevance: This retrospective qualitative study advocates for a better
alignment between technology development and implantee needs to enhance clinical
relevance and practical utility of visual prosthetics.

Introduction

Visual neuroprostheses, including retinal and corti-
cal implants (commonly known as “bionic eyes”), have
shown promise as assistive technology for individ-
uals with blindness.1–7 These devices, similar to
cochlear implants, electrically stimulate remaining
neurons in the visual pathway to evoke visual percepts
(phosphenes).8,9 Existing devices have demonstrated
improved capabilities in localizing high-contrast
objects and aiding basic orientation and mobility
tasks.4,10 Notable examples include Argus II1 (Second

Sight Medical Products, Inc., Sylmar, CA, USA), the
first retinal implant to obtain US Food and Drug
Administration (FDA) approval, and its successor,
Orion7 (Cortigent, Valencia, CA, USA; formerly
Second Sight), a cortical implant that is currently in
clinical trials (clinicaltrials.gov: NCT03344848). In
addition to neuroprostheses, other promising avenues
for sight restoration include optogenetic, gene, and
stem cell therapies,11–14 which offer less invasive alter-
natives by targeting the genetic and molecular bases of
visual impairment.

The Argus II utilizes a 6 × 10 electrode array
implanted on the retina, which receives signals from a
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Figure. Overview of the Argus II (A, B, reused under CC BY-NC-ND from da Cruz et al.22) and Orion implants (C, https://cortigent.com). (A)
The implanted components of the Argus II system include a hermetically sealed enclosure for the electronics that, along with a receiving
antenna, is secured to the eye with a scleral band and sutures and an array of 60 electrodes that is inserted into the eye and tacked over
the macula. (B) External (body-worn) components of the Argus II system include a pair of glasses with a small camera mounted in the frame
connected via a cable to a video-processing unit (VPU) worn on the belt or on a shoulder strap. (C) This future depiction of the Orion device
includes an external data-processing unit, which deciphers visual inputs relayed from aminiature cameramounted on a pair of glasses worn
by implantees. These inputs are transmitted via electrical pulses to a microelectronic cortical implant situated on the surface of the primary
visual cortex. Note: The external components shown represent a future version of the device and were not used by the participants in this
study.

camera mounted on glasses to provide visual informa-
tion (Figs. A, B). Additionally, the efficacy of the Argus
II device is primarily contingent upon the condition of
the retina and the electrode–retina distance.15–18 Some
stimulation parameters may enhance the device’s effec-
tiveness, while other factors (e.g., inadvertent activa-
tion of passing axon fibers) impose limitations on
its performance.17,19,20 In contrast, the Orion device
bypasses the eye altogether, with electrodes implanted
directly on the surface of the visual cortex, aiming to
restore vision by stimulating the brain’s visual process-

ing areas (Fig. C). The effectiveness of the Orion varies
based on stimulation and neuroanatomical parame-
ters7,21 (e.g., amplitude, location, timing). The Argus
II has been implanted in 388 recipients worldwide,
both commercially and during clinical trials (157 female
and 231male; personal communication with Cortigent,
Inc., 2024). The Orion device, still in clinical trials, has
been implanted in six recipients (one female and five
males), with three remaining implanted to date. There
is a notable distinction between clinical trial partici-
pants and commercial users regarding selection, train-

https://cortigent.com
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ing, and ongoing support. Clinical trial volunteers are
meticulously selected, receive extensive training, and
regularly visit the lab, providing critical feedback for
future device iterations. In contrast, commercial users
typically receive assistance from third-party compa-
nies or centers, often at their own motivation, with
less rigorous selection and training protocols, although
some may still elect to participate in related research
and experiments.

Research in artificial vision has traditionally
followed the medical model of disability,23 viewing
blindness as a result of an individual’s physical impair-
ment that can be “fixed”—in this case, with an invasive
prosthesis. As pointed out by other studies,24–26 most
research on visual prostheses (and, more generally, low
vision aids) has primarily focused on technological and
functional aspects of these implants (e.g., the ability
to produce phosphenes and the resulting Snellen
acuity) and has rarely incorporated implant recipi-
ents (implantees) in the decision-making and design
process.26 However, blindness is not just about one’s
physical impairment but also about the individual’s
subjective psychological experience and the societal
contexts in which they live.27,28 In the development
and evaluation of assistive technologies for people who
are blind, it is crucial to focus not only on the technical
aspects but also on the wants, needs, and lived experi-
ences of the end users, studying how they might utilize
such devices within their daily lives. This approach
ensures that technology serves the user, enhancing
their quality of life rather than solely aiming to correct
a physical condition.

Although tools and surveys have been developed to
assess the functional visual ability and well-being of
implantees,10,29–31 in practice, these are often employed
as external validation tools that constitute the very
last step of the design process.44,29 It is therefore
perhaps not surprising that none of the current
devices have found broad adoption and that several
device manufacturers had to close their doors because
their device did not (such as in the case of Retina
Implant AG) lead to “the concrete benefit in every-
day life of those affected” (https://web.archive.org/web/
20200805082212/https://www.retina-implant.de/en).

This lack of end-user involvement and limited
adoption underscores the necessity for a deeper
exploration into how implants are actually used in
daily life, contrasted with the initial expectations of
their designers. Despite numerous studies assessing
functional vision4,6,29 and documenting the experi-
ences of current implantees,10,25,32,33 as well as discus-
sions on ethical considerations in trial participant selec-
tion34,35 and the attitudes of blind individuals toward
implant technology,36 a comprehensive understanding

of the real-world application of these devices remains
elusive.

This retrospective qualitative study aims to explore
the perspectives, experiences, practices, and aspira-
tions of individuals who have received one of the
most commonly available visual implants (Argus II or
Orion). It also seeks to contrast these user insights
with the viewpoints of prominent researchers who are
either involved in developing these devices or interact
directly with the implantees. We also sought feedback
from implantees to identify current technology limita-
tions and gather suggestions for future enhance-
ments. Through reconciling the viewpoints of both
researchers and implantees as well as fostering cooper-
ative efforts in the design process, we hope that the next
generation of visual prosthetic technology can have a
profound impact on the quality of life of millions of
people worldwide.

Methods

We conducted semi-structured interviews with
12 participants (six researchers and six implantees,
two with the Orion implant and four with the
Argus II implant) to assess the actual frequency of
implant usage among Argus II and Orion users and
compared the reported usage to researcher expecta-
tions. This sample represents roughly 1.5% of the
global Argus II population and 67% of the individ-
uals who still have the Orion implant, reflecting
the rarity of these implants in both commercial
and clinical settings. We initially posed structured
questions covering an extensive array of instrumen-
tal activities of daily living37,38 (iADLs). We then
engaged in open-ended discussions to explore which
strategies and usage patterns that implantees and
researchers deemed effective or ineffective and what
the implantees hope to see in the next generation of
implants.

The study was deemed exempt from review by
the Institutional Review Board of the University
of California, Santa Barbara. Participants received
an information sheet, ensuring they understood the
interview expectations. A minor risk of the study
concerned participants feeling embarrassed or experi-
encing discomfort when answering certain questions
during the interview. To mitigate these risks, partic-
ipants could choose the level of detail they wanted
to provide and could choose not to answer specific
questions. Researchers also paused the interview if
they believed the participant was distressed, confirm-
ing whether they wanted to continue. No partic-

https://web.archive.org/web/20200805082212/https://www.retina-implant.de/en
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ipants experienced distress or required interven-
tion.

Study Participants

Twelve participants (2 female and 10 male) were
recruited via email and phone through a combi-
nation of snowball sampling and connections with
various research groups and previous collaborators
(Tables 1, 2).

To qualify for the study, implantees (I1–6) had to
be current recipients of either the Argus II or Orion
implant. All implantees have had their implant for
at least 5 years and remain currently implanted with
their respective devices, and none had reported medical
complications with the device. All four Argus II users
were part of the commercial cohort (i.e., received
their implant after it was FDA approved in 2013)
but have participated in elective research studies. In
contrast, the two Orion users are part of the ongoing
clinical trial (clinicaltrials.gov: NCT03344848). Five
implantees lived with either family or a spouse while
one lived alone, and all were frequent users of assis-
tive technology both inside and outside of the home.
In addition, four participants reported to be users
of either a cane or a guide dog, one reported using
both, and one preferred not to answer. All participants
resided in either the United States or the Netherlands.

The other six participants (R1–6) were distin-
guished researchers and medical professionals who are
prominent figures in the field of visual neuroprosthet-
ics. These participants included principal investigators
and key medical professionals who have played integral
roles in the development and clinical application of the
Argus II andOrion implants. Each of these researchers
has substantial experience and has contributed signifi-
cantly to the field, ensuring that their insights are both
authoritative and relevant. Specifically, R2-AO, R3-
AO, andR6-AOhad experience with bothArgus II and
Orion. None of the researchers reported having any
visual impairment.

Interview Procedure

The interviews were conducted via videoconferenc-
ing technology by the two lead researchers of the study,
one blind and one sighted. Transcripts were generated
using the Otter AI transcription software (Mountain
View,CA,USA) and analyzedmanually by the research
team. Each interview lasted between 30 and 90minutes.

Three probing interview questionswere presented to
implantees to further understand their experience with
their device: Ta
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• Q1-I: How often do you use your implant for
<iADL>? Choose from: daily, weekly, monthly,
yearly, never.
• Q2-I: Please give some examples of how your
implant supports <iADL>. What works? What
does not?
• Q3-I: What do you wish your implant could do to
support/facilitate <iADL>?

These questions were repeated for each of 12
iADLs, drawn from previous literature37–40 to ensure
a broad spectrum of everyday tasks. These iADLs
included essential activities such as meal preparation,
housekeeping, transportation, and socializing, chosen
for their relevance to independence and quality of life
for blind individuals. For each iADL, we formulated
a series of questions aimed at uncovering not only
the frequency and extent of visual prosthetic use but
also the practical benefits and limitations experienced
by implantees. Despite these iADLs often requiring
multiple steps for satisfactory completion, we aimed to
provide a holistic overview of how individuals in this
population conduct these tasks and their overall and
individual expectations for their implants in daily activ-
ities.

In addition, we sought to understand the discrep-
ancy between the expected and actual use of these
devices. Researchers were therefore presented with
a similar set of questions but were asked to reply
based on their perception of an implantee’s device
usage:

• Q1-R: How often do you expect implantees to use
the implant you currently work with for<iADL>?
Choose from: daily, weekly, monthly, yearly,
never.
• Q2-R: Please give some examples of how the
implant you currently work with might support
<iADL>.

Data Analysis

To get a qualitative understanding of the device
usage for the different iADLs, we performed an induc-
tive thematic analysis41 on Q2-I, Q-R, and Q3-I.
Themes were individually identified from transcripts,
with new ones added for unclassified examples. This
iterative process continued across all transcripts until
no new themes emerged, culminating in a consensus on
13 definitive themes. Both implantees’ and researchers’
responses were categorized under these themes, with
unique codes assigned to each for systematic analysis.
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Results

Implant Usage Expectations Versus Reported
Outcomes

Table 3 provides a detailed breakdown of the
responses to Q1-I and Q1-R regarding implant use
for various iADLs (see Supplementary Materials for a
more quantitative analysis). Overall, the most frequent
response from implantees on how often they used
their device for specific iADLs was “never,” with I4-A
and I6-A reporting no use across any everyday activi-
ties. Notably, none of the implantees reported current
usage of their implants for meal preparation, reading,
managing finances or medication, or using personal
electronic devices. However, I3-A stood out as the most
frequent user, utilizing his implant daily, particularly
for outdoor activities like navigating streets and identi-
fying buildings.

The researchers, in contrast, had much higher
expectations for implant use. Most, except for R5-O,
anticipated the implant being used for nearly all iADLs.
Researchers in device-centric roles (R3-AO and R6-
AO) expected daily or weekly use for most iADLs,
particularly in social settings. Despite these expecta-
tions, variability in actual use was acknowledged, with
socialization emerging as the most likely area for device
application according to a majority of researchers.

Thematic Analysis of Implant Usage

Weperformed an inductive thematic analysis onQ2-
I, Q3-I, Q1-R, andQ-2R (seeMethods) to get a qualita-
tive understanding of device usage in daily life, reveal-
ing 13 distinct themes that were further categorized
into broader topics, as presented in Table 4.

Implantees reported functional benefits in general
visual perception abilities, orientation, and mobility.
Researchers perceived these benefits more frequently,
with higher numbers in vision enhancement (13), orien-
tation (15), and navigation (9). Implantees expressed a
strong wish for future improvements in vision enhance-
ment (36) and navigation (12), indicating a desire for
better practical utility in everyday life.

Enjoyment and safety were key themes relevant
to the user experience. While actual usage of the
implant for enjoyment was low (2), both researchers
and implantees noted the importance of safety, with
researchers perceiving more actual usage (6) than
implantees reported (0).

In terms of daily activities, researchers expected
the implant to find widespread use (8), but implantee
reports disagreed. Accessibility aids were recognized by Ta
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Table 4. Themes and Definitions Synthesized from an Inductive Thematic Analysis of Interview Transcripts

Theme Description
Implantee

Actual Usage

Researcher
Perceived
Usage

Implantee
Wishes

Functional benefits
Vision enhancement Improvements in visual perception,

such as reading ability, contrast
sensitivity, resolution, and definition

6 13 36

Orientation Techniques for self-orientation,
mobility, and obstacle avoidance

9 15 11

Mobility Safe and accurate movement from one
place to another

8 9 12

Object identification Identifying objects (not people)
through computer or natural vision

3 16 16

People identification Identifying people (not objects)
through computer or natural vision

0 7 14

Independence Performing iADLs without external
assistance

0 0 13

User experience
Enjoyment Using the implant for nontechnical,

enjoyable activities
2 2 2

Safety Feeling less at risk for injury or danger
(e.g., fire safety)

0 6 2

Daily activities
Home organization Strategies for maintaining organization

at home (e.g., folding clothes,
keeping counters clean)

0 8 3

Accessibility aids Assistance from low-tech (e.g., tactile
aids) or people

5 17 6

Device limitations and improvements
(Lack of ) utility Situations where the implant does not

provide additional benefit or
assistance to the user

58 25 12

Smart integration Enhancements to device capabilities
through emerging technologies
(e.g., distance perception, color
recognition, three-dimensional
object detection)

0 14 20

Device improvement
suggestions

General suggestions for future device
enhancements

0 7 7

Numbers indicate the counts of themes: of actual implant usage as reported by implantees, of expected implant usage as
reported by researchers, and of implantee wishes for future visual implants.

both groups, with researchers perceiving more usage
(17) compared to implantees’ reports (5).

When discussing device limitations, a major theme
among implantees was the lack of utility (58), indicat-
ing frequent scenarios where the implant did not
provide additional benefits. This is somewhat antic-
ipated for tasks like reading and identifying people,

where the current implants lack the needed spatial
resolution. However, it is less expected for household
tasks like housekeeping and meal preparation, areas
where one might assume the basic vision enhance-
ment from the implant would offer some advantage.
This observation sharply contrasts with researcher
expectations (center column), who had anticipated
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broader application of the implant across a variety of
activities.

Examples of Implant Usage in the Daily Life
of Implantees

To gain deeper insight into everyday device usage,
we solicited specific examples (Q2-I and Q2-R) and
compared these with researchers’ expectations of
device use in daily life. Activities were sorted by their
reported frequency of occurrence, as gathered fromour
interviews, and the most commonly performed activi-
ties are discussed below.

Note that some iADLs are more complex than
others, often requiring a variety of assistive tools to
replace lost visual cues or existing workarounds to
complete these tasks without assistive tools. While an
implant may not be necessary for all steps of every
iADL, our goal is to provide a holistic understanding
of how implantees interpret these activities, how they
expect implants to aid them, and real-life use cases for
their completion.

Transportation
One application area that both implantees and

researchers agree to be of potential value for a visual
implant user is that of transportation. Implantees
who live in urban areas remarked that the device
proved useful for stepping in and out of the bus,
avoiding obstacles, and detecting people when enter-
ing and exiting a train. Participant I2-A specifically
reported using his implant occasionally to aid him in
staying orientedwith his surroundings and to help from
bumping into walls and other obstacles. However, the
implant could rarely replace the use of a mobility cane
or a guide dog completely. In the words of participant
I4-A:

I use my device in combination with my guide dog—he
walks me to the front of a shop. [Then I use the implant]
mostly for orienting myself inside.

In contrast, participants I1-O and I6-A, who reside
in the city, report that they never use the implant
for navigation. Further inquiry revealed that their
limited use did not stem from a lack of effort. Specif-
ically, I6-A noted that the ideal scenario for using the
implant would be assistance with street-crossing. Yet,
the implant’s artificial vision proved too inundating and
lacked the necessary detail for her to feel secure using
it for navigation in a busy city setting, leading her to
prefer being driven as a more reliable alternative. She
recounts,

I remember my experience crossing the street with the
Argus, and that I decided to turn off the stimulation
because there were toomany flashing lights. The ideal way
for me to cross the street is to be able to focus on the
important points and detect the distance when crossing
. . . without so much stimulation.

Participants I1-O, I2-A, and I5-O were quick to
remark that the implant slowed them down, as they
had learned to navigate much faster and more reliably
with a mobility cane. Participant I2-A hoped to use
the implant for navigation but remarked that it did not
provide any concrete benefit:

I have kind of given up on using it outdoors . . ., because I
hoped it would serve as a navigation device, or something
to help me get my bearings and aid in mobility. But it
really doesn’t bring any benefit. Lately, I’ve been involved
in research studies, just trying to help people understand
and advance the science around it, but it doesn’t really
provide anything useful enough for me to use in my daily
life at all. I don’t know if anybody really does [use it in
daily life] at this point.

Socializing
Participant I3-A found the implant extremely useful

for orientation in social environments, enabling him to
monitor the movements of people arriving and depart-
ing. This feature was especially helpful for recognizing
when someone was approaching to engage in conver-
sation, departing, or coming back, thus helping I3-A
discern the presence of others nearby. I3-A mentioned
the specific utility of his implant for socialization when
navigating through birthday parties or restaurants.
I2-A agreed:

You know, if you’re sitting at a table, you could maybe tell
if somebody was getting up andwalking away. Sometimes
people have gotten up and walked away while you’re
talking, and you end up talking to an empty table.
So, there could be some minimal benefit to having the
[implant] in a social or entertainment environment.

Participant I1-O emphasized the implant’s signif-
icant role in enhancing social experiences and
memorable moments, stating,

I use the implant every time that something new happens
to see what I can see. So far I have used it for seeing my
birthday candles, fireworks and going to baseball games.

All researchers similarly emphasized the importance
of socialization and how the implants might facilitate
this instrumental aspect of daily life. Various use cases
of the implant in socialization settings werementioned,
with R1-A providing some specific context as to how
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the implant might have aided in a situation similar to
that of I2-A above:

When people use their implants . . . they can perceive
movements: if someone just left, or if the flash of the
person that was right in front of them is not there
anymore—they can actually pick that up. [The person in
front of them] could be anybody, and they won’t be able
to recognize them as their friend or anything, but at least
it’s some information.

Meal Preparation
None of the implantees reported using their devices

for meal preparation, although most researchers
believed the implant would be somewhat helpful.
Implantees mentioned that living with family or a
spouse, along with utilizing other assistive tools already
in place for cooking, provedmore useful for these tasks.

Participant R1-A provided insights into how the
device could potentially complement other assistive
tools in meal preparation if an implantee chose to use
it for this purpose:

One aspect of the process for individuals who’ve under-
gone blind rehabilitation involves having an occupational
therapist visit their home to label items and make modifi-
cations for easier navigation. This can include adding
high-contrast colors to cabinets or using tape and paint
for visual cues. With these adaptations in place, intro-
ducing an implant can further assist by enhancing their
ability to perceive contrasts, helping them locate items by
size, and distinguish between things like salt and pepper
during meal preparation. Although these improvements
might seem basic, they could significantly ease daily activ-
ities.

Other researchers expressed skepticism regarding
the device’s suitability for meal preparation, offering
more cautious perspectives on its effectiveness as a
standalone aid. R6-AO elaborated on these views:

The device performs much better when you’re in high-
contrast situations, and a kitchen is not necessarily a high-
contrast situation. So I would anticipate that this is not
the ideal usage situation for a system like this.

Implantees reported not currently using their
devices for meal preparation tasks, primarily due to
safety concerns, reliance on existing strategies, and
assistance from other tools and cohabitants. I1-O and
I4-A highlighted a lack of specific training on utiliz-
ing the implant in the kitchen, leading them to prefer
established routines. I1-O encapsulated their perspec-
tive, stating,

I don’t really think I’ve had any success using the device
in the kitchen. I can’t even come up with any use cases at
the moment.

Housekeeping, Laundry, and Tidying
Regarding housekeeping activities like laundry and

maintaining general organization, several implantees
noted their attempts to incorporate their implants,
albeit with challenges. I5-O had previously tried to use
his implant to do laundry, including sorting his socks,
but found that

The glasses would actually be more of a problem than a
solution—and the cord would get in the way.

Other implantees found more success when apply-
ing their implants to similar tasks. They noted the
implant’s utility for specific housekeeping duties, with
I1-O highlighting the ability to discern whether lights
were on or off, aligning with the device’s effectiveness
in high-contrast situations.

Furthermore, researchers had expectations for the
implants to facilitate housekeeping activities, especially
once an implantee’s home had been customized to suit
their needs. R1-A commented,

Assuming that their home is already modified to help
them with these things . . . I would think that having an
implant would only enhance housekeeping, it can actually
enhance the contrast or things of that nature for the
objects that they are looking at.

Reading
While current implants fall short of enabling the

reading of fine print and text, R6-AO challenges the
notion of prioritizing reading capabilities in future
implant developments, pointing to the superior utility
of existing assistive technologies like audiobooks and
screen readers. R6-AO stated,

I think text-to-voice systems are so advanced that it
doesn’t make sense to use the device to read. I see no
reason why anybody needs to use the device to read
anymore, other than for the pleasure [or joy] of being able
to read letters.

Conversely, R5-O highlighted the desire among
potential future implantees to regain some form of
reading ability, noting the varied proficiency levels
among blind and low-vision individuals with braille
and screen readers and the general wish to read
again. Echoing this sentiment, I1-O expressed a specific
desire:
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I would love to be able to read stop signs or road signs.
Just having these signs been read to me in some capacity
would be great.

Other Activities of Daily Living
Despite not being presented as an iADL in our inter-

views, one common theme between implantees and
researchers was the mention of using the device to
locate lost, dropped, or missing objects. Participant
I1-O specifically mentioned using their implant more
frequently to locate their smartphones and comput-
ers than to actually operate these personal electronic
devices.

However, participant I3-A (the most prolific
implant user in our sample) found less use for the
implant for activities that require navigating websites
and reading, such asmanaging his finances.He summa-
rized his thoughts as follows:

The reason I no longer use my implant in these different
daily activities is because it doesn’t provide a real benefit
beyond the techniques that a blind person typically devel-
ops to do things.

Researchers were more positive about the prospects
of using the implant they helped design in everyday
life. Researchers R1–4, who were more closely involved
with the implantees, expected the implant to be used
daily or monthly for most iADLs but also acknowl-
edged that the implant may not be useful at all for some
activities. Similarly, R4-A, whose employment focuses
on working directly with implantees, states,

I think that the blind are already doing many of these
kinds of things without assistance. They can do it already
in more natural ways, because they have had time to learn
and adapt.

Specifically, these researchers thought that the
implant would not be used for reading, managing
medication, or using personal electronic devices but
expected the implant to be most commonly used for
socializing, transportation, and doing one’s laundry.

Researchers were aware of the current implants’
potential limitations in supporting reading and
object recognition. In regard to the employment
of implantees, R5-O mentioned that a majority of
the employed implantees he works with have daily
career tasks tailored to their individual needs and that
an implant might not provide the most aid in these
situations.

A lot of the subjects that I work with have employment
that is adapted to their visual impairment, and in a lot

of cases they invested a substantial amount of time and
money and effort and retraining to do those.

When responding to question Q2-R, most
researchers referred to recent R&D efforts aimed
at enhancing the functionality of the current implant,
citing advancements that have not yet been incorpo-
rated into the commercial version. Participant R6-AO
opted not to comment on the implant’s effectiveness for
implantees, citing a disconnect from their experiences:

Honestly, this is a question for the users, because as an
engineer, as someone who’s working on the device side, I
can speak to the performance of the device but I cannot
[speak to the user experience side because] I have not been
involved on that side of it.

Implantee Wishes for the Next Generation of
Implants

When asked to describe how an ideal future implant
would assist in various iADLs (Q3-I and Q3-R),
implantees mentioned a wide range of use cases (right-
most column of Table 4).

Unsurprisingly, vision enhancement topped the list
of desires among implantees, aligning with the core
promise of bionic eye technologies. This encom-
passes any improvement in the quality of vision
the implant provides. Desired enhancements include
better depth perception, as mentioned by I6-A, and
color detection. Implantees seemed mostly unaware of
ongoing research aiming to improve visual perception
through eye movement compensation42,43 and stimu-
lus optimization44–48 but had heard of efforts to add
image filtering49–51 and a zoom feature. A prevalent
wish among implantees was the ability to read or recog-
nize faces again, although there is a shared understand-
ing that such advancements may not be achievable with
current or imminent technology. Reflecting a collective
hope, all implantees resonated with I5-O’s desire for
any improvement that would enable a shift from relying
on tactile to visual cues.

The theme of smart integration ranked as the second
most frequently mentioned by implantees. All six
participants expressed a desire to see their implants
work in tandem with widely used technologies, such
as barcode readers, smart glasses, text-to-speech audio
devices, and color identifiers. Participant I5-O specif-
ically noted the potential benefits of audio enhance-
ments for tasks like meal preparation. Encouragingly,
these aspirations align with ongoing research initia-
tives.49,51–54 Researchers discussed a variety of smart
integration possibilities for different iADLs, includ-
ing thermal imaging for identifying hot surfaces in
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the kitchen, as suggested by R3-AO, depth imaging
for housekeeping, and compatibility with advanced
technological aids like Microsoft’s Seeing AI and
OrCam’s MyEye.

Object identification emerged as the third most
discussed theme, encompassing the ability to discern
items ranging from books to debit and credit cards in
a wallet and even bus lines. Researchers believe that
current implants already have the potential to facili-
tate object identification for various iADLs. However,
implantees view this capability more as a hope for
future device enhancements.

The theme of independence stood out among
implantees’ aspirations for future implants, yet it was
notably absent in discussions about current technol-
ogy. This discrepancy underscores a gap between the
existing capabilities of devices and the ultimate desires
of implantees. Participant I5-O expressed a longing for
an implant that could assist in securing and maintain-
ing employment by improving his ability to adapt and
navigate the workplace.

The prominence of lack of utility as a theme
highlights the advances that have been made in current
assistive technologies and training, indicating that
implantees would not need the implant’s assistance to
perform certain tasks. However, it also underscores
the necessity for future implants to demonstrate their
ability to assist people with vision loss in very specific
situations. Implantees frequently mentioned this theme
when discussing their wishes, expressing that many
of their desired functionalities are currently unmet
by existing implants. Therefore, a key wish for future
implants is to reduce the lack of utility and ensure
that the implants provide tangible benefits in a broader
range of daily activities.

In essence, implantees envision their implant offer-
ing benefits that surpass those provided by traditional
mobility aids such as canes, guide dogs, and smart-
phone applications.

Discussion

This retrospective qualitative study examines the
perspectives of researchers and implantees on the
Argus II and Orion visual prostheses. A key finding
of our analysis is that socializing emerged as the most
frequent use of the implants among implantees, in
contrast to other iADLs, which were less frequently
supported by the devices. Most implantees reported
never using their implants for activities such as meal
preparation, managing finances, or using personal
electronic devices, highlighting a gap between the antic-

ipated use of the implants by researchers and the
actual reported use by implantees in everyday life.
Researchers, on the other hand, generally expected
more frequent use of the implants across most iADLs.
This discrepancy emphasizes the importance of align-
ing device development with real-world user experi-
ences.

Implant Use Falls Short of Researcher
Expectations

A key finding of our study is that the frequency
and application of implant usage did not align with
researchers’ expectations. Researchers anticipated that
the implants would be used for all iADLs to some
extent. However, implantees reported occasional use
for specific activities, such as social settings (I1-O,
I2-A, I3-A, I5-O), transportation (I2-A, I3-A, I5-O),
shopping (I1-O, I3-A), employment (I2-A, I3-A), and
around the house (I1-O). Notably, implantees I4-A and
I6-A reported never using their implants for everyday
activities.

Several factors may account for these discrepancies.
First, all four Argus II users were from the commer-
cial cohort and received less support on implant use
compared to Orion users, who were part of a clinical
trial. This difference in support likely contributed to
the more positive experiences reported by Orion users,
underscoring the importance of adequate training and
support for enabling daily use of these implants. Never-
theless, it is important to note that all four Argus
II users had been regularly participating in elective
research studies, which provided them with frequent
interactions with researchers. This ongoing engage-
mentmay havemitigated some of the challenges associ-
ated with the reduced initial support. Second, these
results should be viewed in light of implantees’ exist-
ing skills in navigating blindness before implanta-
tion. Participant R2-AO (who had been working with
Argus II as well as Orion recipients) commented on
the efficiency of predeveloped strategies by implantees
with employment, suggesting the implant might not
enhance and could even impede their performance.
This sentiment is encapsulated in R2-AO’s observa-
tion:

I suspect that [individuals] we enroll in this study, and
likely those who opt for the implant later on, will
have already undergone extensive training in blindness
skills before getting the implant. Consequently, [getting
the implant] probably won’t change how they [perform
certain iADLs, as it is] easier for them to stick to the
. . . method they’ve already mastered as blind individu-
als.
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Third, all but one interviewed implantee lived with a
sighted spouse or familymember. Thismay have poten-
tially reduced the utility of the implant in situations
where spouses or family members may have aided if
needed or where preexisting assistive heuristics were
established.

Yet, not all researchers fully grasp this perspective,
as highlighted by R6-AO’s admission of a disconnect
from the patient experience due to his engineering role.
This gap between device designers and end users under-
pins a broader issue: the challenge of ensuring that
clinical research aligns with the real-world needs of the
blind community. This challenge is exacerbated by the
fact that all interviewed researchers are sighted, compli-
cating their ability to truly understand the lived experi-
ences of implantees. Participant I4-A felt the strongest
about this:

Researchers have no clue how it is to be blind, and do not
open themselves up to opportunities [to learn about the
blind community].

We also noted a tendency among implantees
to blame themselves for the device’s failures (a
phenomenon initially reported by Siy Uy et al.13). This
is in stark contrast to how researchers and compa-
nies often attribute the successes of the device to its
technological capabilities. For instance, participant I2-
A felt his challenges were due to both the implant and
his own limitations, and I5-O believed his difficulty in
using the implant stemmed from his low vision levels,
that his “current vision level and abilities are so low
that the implant doesn’t work properly.” Successes are
celebrated as triumphs of technology, whereas failures
are internalized by users as personal deficiencies.

Implants Need to Compete With Existing
Technologies

Implants have shown promise in areas like orien-
tation and navigation, where even current aids, such
as smartphone apps, fall short. Researchers acknowl-
edge that these implants operate within a technologi-
cal landscape filled with preexisting solutions, setting a
high bar for new devices to offer distinct advantages.

Therefore, visual implants might be better off focus-
ing on fulfilling specific needs unmet by other technolo-
gies. Participant I1-O’s observation, “None of the
[accessibility-related smartphone] apps can dowhat the
implant can do, but the implant can’t do what any of
the apps can do,” highlights the potential for implants
to complement rather than compete with existing aids,
leveraging their unique capabilities to fill gaps in the
current assistive technology ecosystem.

Moreover, visual implants face competition from
other vision restoration approaches, such as stem cell
therapies and optogenetics. Each of these methods
comes with its own set of challenges and potential
benefits. For instance, stem cell therapies aim to regen-
erate damaged retinal cells, while optogenetics involves
using light to control neurons that have been geneti-
cally modified. Regardless of the method, it is crucial
for any field aiming to restore useful vision to consider
the wants and needs of their target population.

It is essential to consider user needs comprehen-
sively, irrespective of the treatment type. Our study
aims to contribute valuable insights not only to
researchers developing bionic eyes but also to app
developers, scientists, and ophthalmologists. Under-
standing user expectations and real-life applications
will ensure that these technologies are tailored to
enhance the quality of life for individuals with vision
loss. By addressing the practical and emotional needs
of users, we can foster the development of more effec-
tive and user-centered vision restoration solutions.

Study Limitations

Weacknowledge that, as withmost qualitative retro-
spective interview studies, hindsight bias is a potential
issue. Recent negative headlines about theArgus IImay
have further influenced perceptions. To mitigate this,
we employed several strategies.

First, we interviewed a diverse group of implantees,
representing approximately 1.5% of the global Argus
II population and 67% of the individuals who still
have the Orion implant. However, the small sample size
limits the generalizability of our findings, as it reflects
only a fraction of the broader population of visual
prosthesis users. Despite this, the study offers valuable
insights into real-world implant use. We asked partic-
ipants to provide specific examples to illustrate their
opinions, ensuring that their responses were based on
concrete experiences rather than retrospective bias. For
instance, I2-A stated,

I learned in the first fewmonths of using the Argus II that
the device was very limited, contrary to what I had seen
from ads of people skiing. But I was fortunate to partici-
pate in the early trials and test a lot of the new technolo-
gies.

In contrast, I3-Amentioned positive feelings toward
the device, saying that the implant met and occasion-
ally exceeded expectations. However, these feelings did
not always translate into the measured usefulness of
the implant, as reflected across implantee responses
in Table 4.
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Second, we conducted a thematic analysis where two
researchers independently identified common themes
across all participants at different stages of their
visual prosthetic journey. These insights are crucial
for new and existing companies developing future
visual prostheses. While hindsight bias is inevitable, the
lived experiences of past implantees offer invaluable
guidance for the next generation of visual prostheses.

Future Implants: Vision Enhancement, Smart
Integration, and Independence

Our study highlights implantee wishes for future
implant generations, revealing a profound desire for
not only enhanced visual perception but also greater
independence. This underscores a crucial need for
advancements that go beyond basic navigation aids
and aim for a richer, autonomous life experience. Such
feedback illuminates the complex dynamics between
technological expectations, personal adaptation, and
the real challenges of living with vision impairment,
pointing out the stark gap in current implant discus-
sions, which rarely touch on the crucial aspect of
independence.

The technology is still in its infancy, and implantees
recognize this. While current devices meet their expec-
tations, they anticipate substantial progress. Partici-
pant I5-O expressed,

It metmy expectations. . . .We’re at Orion 1 now. Just wait
till we get to Orion 15. . . . So, the faster and harder you
guys work, the quicker we’ll get there.

However, fulfilling these user wishes requires
addressing fundamental technical challenges in
the interactions between electrical stimulation and
neuronal activity in the visual system. Issues such as
electrical current spread and neuronal crosstalk,55–57
nonselective activation of neurons,58,59 phosphene
persistence and fading,60–62 lack of eye movement
compensation,42,43 and retinal remodeling63,64 signifi-
cantly influence neural responses to stimulation.19,65–68
Interviewed implantees were not aware of these techni-
cal challenges, but overcoming them will require
significant advancements in electrode array design,
stimulation protocols, and the integration of emerging
technologies. Improved understanding of the neural
code of vision may also lead to better strategies for
interfacing with the visual system.69

Integrating the perspectives and experiences of
implantees into the development of future implants
may be crucial to transforming this implantable device
technology into a vital tool for improving quality of
life. By prioritizing implantee experiences and needs

and addressing these fundamental technical challenges,
we can ensure that upcoming generations of implants
not only push the boundaries of what is technically
possible but are genuinely useful in the daily life of
people who are blind.
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