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ABSTRACT 
In this paper, we explore how computing device use by people with 
upper extremity impairment (UEI) was afected by COVID-19. Some-
one with UEI has reduced use of their shoulders, upper arms, fore-
arms, hands, and/or fngers. We conducted six (6) semi-structured 
interviews with participants with UEI in the US. We found that peo-
ple with UEI increased computing device use during COVID-19 not 
only for remote interactions but also in person. Additionally, social 
distancing for COVID-19 safety created the need for new assistive 
technology (AT), authentication requirements, and communication 
platforms, which introduced their own accessibility barriers. We 
also found that personal protective equipment (PPE) created new 
barriers during computing device use, which often caused people 
with UEI to choose COVID-19 safety over the usability of their 
computing devices. Based on these fndings, we describe future op-
portunities to make computing devices more accessible for people 
with UEI to manage the shifts in computing device use introduced 
by COVID-19. 

CCS CONCEPTS 
• Human-centered computing → Accessibility technologies. 

KEYWORDS 
upper extremity impairment, personal computing devices, COVID-
19 
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1 INTRODUCTION 
Despite the existence of COVID-19 vaccines [76], COVID-19 re-
mains an ongoing and large-scale threat in the US due to vaccine 
hesitancy [68] and the emergence of new variants (e.g., the omicron 
variant) [78]. The threat from COVID-19 has created the need for 
new COVID-19 safety precautions that have rapidly altered the way 
we access critical aspects of our lives including work [59], school 
[15, 18], health care [14, 71], and social interaction [20, 24, 37, 79]. 
However, often when technology evolves to meet new problems, 
accessibility is not considered and is instead left as an afterthought. 
Therefore, the rapid changes during COVID-19 introduced new 
accessibility barriers for people with disabilities [25]. One change 
caused by COVID-19 has been an increase in computing device 
use [70]. However, pandemic-infuenced reliance on computing 
device use has created accessibility barriers for people with upper 
extremity impairment (UEI)1 who already faced barriers during 
computing device use prior to COVID-19 [34]. 

In the US, the ofcial response to COVID-19 has been fragmented 
[41]. Additionally, some businesses or educational institutions im-
plemented their own policies for COVID-19 safety. Therefore, in 
this work we focus on two main COVID-19 safety precautions, 
which were introduced by COVID-19 and experienced broadly in 
the US: social distancing and the use of personal protective equip-
ment (PPE) [75]. These precautions helped preserve the safety of 
everyone, including vaccinated individuals [8, 30]. We aim to ex-
plore how COVID-19 and its safety precautions have afected com-
puting device use2 for people with UEI. Our goal is to answer three 
core research questions: (1) how has COVID-19 broadly afected 
computing device use for people with UEI?; (2) how have people 
with UEI adapted their computing device use to remain socially 
distanced from others?; and (3) how has PPE impacted computing 
device use for people with UEI? 

To answer these questions we conducted six (6) semi-structured 
interviews with participants with UEI in the US. These interviews 
provided insight into the experiences that people with UEI have 
when using computing devices during COVID-19 and allowed us 
to make several observations. First, we found that people with UEI 
used computing devices more often to interact both remotely and 
face-to-face with others (e.g., showing electronic documents to 

1A person with UEI is anyone with reduced or no range of motion, strength, endurance, 
speed, and/or accuracy associated with movement in the shoulders, upper arms, fore-
arms, hands, and/or fngers. Over 20 million people in the US have conditions that 
lead to UEI [72].
2In this work, we focus on general purpose computing device use. We defne computing 
device use as both the interaction with the device’s physical hardware as well as any 
applications or internet-based interactions that occur using the device. 
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avoid fomite-mediated transmissions). Second, we discovered that 
social distancing for COVID-19 created the need for new assistive 
technology (AT), authentication requirements, and communication 
platforms, which introduced their own accessibility barriers. Third, 
use of PPE created new accessibility barriers for people with UEI 
that caused participants to prioritize COVID-19 safety over usability 
of their computing devices3. We analyze these fndings and call for 
further research to make computing devices more accessible to the 
shifts introduced by COVID-19 for people with UEI. 

2 RELATED WORK 
Prior research has been done on various interactions between peo-
ple with UEI, COVID-19, and computing. These works fall into 
three main categories: accessibility for people with disabilities dur-
ing COVID-19, the impact of COVID-19 on people with UEI, and 
computing device accessibility for people with UEI. 

Recent works have looked at various aspects of accessibil-
ity during the COVID-19 pandemic, although this remains 
an under-explored area of research [42]. Existing research has 
focused on the impact of online learning for children with disabili-
ties [25, 54, 56, 64]; improving the accessibility of online healthcare 
information [25, 29]; supporting caregivers for people with demen-
tia [26]; addressing communication barriers for hospital patients 
including patients with UEI [6]; and increasing website accessibility 
during COVID-19 [20, 73]. None of these works focus specifcally 
on people with UEI, nor do they address computing device use 
broadly in order to explore new accessibility barriers that may have 
arisen during COVID-19. One work [25] used tweets to analyze 
accessibility concerns related to COVID-19 including barriers to 
grocery store delivery, distance learning, health information access, 
and communication. This work provides a broad overview of acces-
sibility issues introduced by COVID-19. In our work, however, we 
wanted to understand more specifcally how people with UEI have 
interacted with computing devices during the COVID-19 pandemic. 

Research on the impact of COVID-19 on people with UEI 
has been limited. Two works have addressed the broad impact 
of COVID-19 on the health and well-being of adolescents with 
cerebral palsy, a condition which sometimes leads to UEI [10, 40]. 
Additionally, while not specifc to people with UEI, COVID-19 has 
introduced the need for everyone to wear increased PPE. Works 
from both during and prior to COVID-19 have focused on creating 
more usable experiences while wearing PPE [13, 21, 27, 38, 44, 45]. 
Thus far, prior work has not address the impact of COVID-19 or 
PPE on computing device use for people with UEI as we address in 
this work. 

Work prior to COVID-19 highlighted the need for acces-
sible computing for people with UEI. Prior work has focused 
on the development of new AT such as foot-based AT [31, 61], ges-
tures [74], head-based AT [16, 48, 49, 58, 65], robotic extremities 
[12, 32], eye-based AT [3, 9, 60, 67, 81], brain computer interfaces 
[5, 39, 63], voice-based AT [62, 66], tongue-based AT [55, 80], facial 
interactions [22, 50, 67], dwell-based entry [2], customized touch 
entry [52], and custom AT [4, 33]. Less work has focused on broadly 
understanding computing device use for people with UEI. These 

3In the rest of the paper we use the term usability to mean computing device usability, 
unless otherwise specifed. 
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works include studying the usability of touchscreens [7, 23, 51], 
smartwatches [47], smart phones [53], authentication [28, 43], and 
sensing systems [34]. These studies provide important background; 
however, COVID-19 has created new computing device usability 
challenges for people with UEI, which are the focus of this work. 

3 METHOD 
To understand how the computing device use of people with UEI 
during COVID-19, we conducted remote, semi-structured inter-
views with six adults with UEI. Our procedure was approved by 
our institution’s ethics board. All participants had to be over the 
age of 18, have UEI, and use at least one computing device regu-
larly. The authors used a broad defnition of UEI. Everyone who 
identifed with having UEI was invited to participate. Participants 
were recruited through e-mail lists of local non-profts or due to 
their involvement in previous studies. Participant demographics 
are in Table 1. 

For safety reasons, the frst author conducted interviews online 
over Zoom [83]. All participants were given the option of Zoom or 
any other video calling platform of their choice. During the inter-
view, audio was recorded. For privacy reasons, we did not record 
video to avoid collecting more data than necessary. Consent was 
obtained for recording, and the frst author confrmed when the 
recording began before asking any questions. The frst author also 
took feld notes of participant responses. During two interviews, 
the second author attended and took notes. Participants were com-
pensated with a $10 gift card. Our interviews were centered around 
three core questions: (1) how has COVID-19 broadly afected com-
puting device use for people with UEI?; (2) how have people with 
UEI adapted their computing device use to remain socially distanced 
from others?; and (3) how has PPE impacted computing device use 
for people with UEI? 

After the interviews, the audio recordings were transcribed. Field 
notes were inserted at the start of the transcripts. Any personal 
details about the participants were removed from the transcripts to 
preserve privacy. The transcription documents were then analyzed 
to produce our fndings. All analysis was conducted remotely using 
word processing software. During analysis, the frst two authors 
went through the interview transcripts separately to group data into 
descriptive categories by participant. The frst and second author 
then grouped fndings into themes with appropriate text evidence. 
The frst author lead a discussion with all three authors about the 
themes and organization. This was done iteratively through a series 
of meetings and organizational documents until the themes from 
Section 4 emerged. 

4 FINDINGS 
In order to understand how COVID-19 impacted computing device 
use, we frst asked about the computing devices, assistive technol-
ogy (AT), and personal protective equipment (PPE) used by our 
participants. These results are in Table 1. All of our participants 
used PPE when using computing devices in addition to the AT 
they had used prior to the pandemic. Importantly, PPE was usually 
used outside of participants’ homes. Therefore, PPE was used only 
with devices that participants took with them when leaving their 
homes (e.g., smart phones, tablets, laptops). Next we discuss how 
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ID Age Gender Disability Computing de-
vices 

Context of use AT used PPE Used 

P1 20 Man   Muscular dystrophy: 90 degree con-
tractures in arms, contractures in hands 
that limit mobility and dexterity 

Desktop, laptop , 
smart phone 

In-person university 
course work and per-
sonal use 

None Mask, gloves*, 
face shield* 

P2 59 Man   Spinal cord injury: Gross motor func-
tion when sitting, no motor function 
when lying down 

Laptop, iPhone, iPad Personal use Mouth Stick, Voice 
Assistant 

Mask 

P3 59 Man   Multiple sclerosis: Unimpaired use of 
left hand, right (dominant) hand can grab 
objects but lacks strength and endurance 

Laptop, iPhone Personal use Speech recognition 
AT, Voice Assistant 

None 

P4 66 Woman Amputation: Both arms are amputated 
below the elbow. No impairment above 
the elbow 

Work laptop, per-
sonal laptop, iPhone 

Work from home, 
personal use 

Speech recognition 
AT, dowel, mouth 
stylus 

Mask 

P5 51 Woman Cerebral palsy: Fine motor tasks are 
difcult and slow, some fne motor tasks 
are impossible 

Work PC laptop, 
personal Mac laptop, 
iPhone 

Work from home, 
personal use 

None Mask 

P6 74 Woman Spinal cord injury: Fine motor tasks 
are challenging and have become in-
creasingly so over time 

Desktop, combina-
tion laptop/tablet, 
iPad, smart phone 

Work from home and 
remote university 
course work 

Speech recogni-
tion AT; adaptive 
keyboard/mouse 

Mask 

*P1 stopped using the gloves and face shield in May of 2020 due to the usability concerns outweighing the safety benefts 

Table 1: Demographics of participants including age, gender, and disability as well as the computing devices, assistive technol-
ogy (AT), and personal protective equipment (PPE) used by participants. The manufacturer of the computing device is included 
when identifed by the participant. Typically, participants reported that they only used PPE outside of their homes; therefore 
they only use PPE with devices that they take with them when leaving home such as phones, tablets, and sometimes laptops. 

COVID-19 and its safety precautions impacted computing device 
use for people with UEI. 

4.1 People with UEI increased their computing 
device use during COVID-19 both remotely 
and in-person 

During the COVID-19 pandemic, use of computing devices was es-
sential for our participants to access goods and services and to con-
nect with others. All our participants increased their comput-
ing device use including for remote work or school, connecting 
to others remotely, and when meeting face-to-face with others. 

Remote interactions using computing devices increased 
for people with UEI during COVID-19. For example, P5 used 
computing devices to connect to others and access important ser-
vices, “I’d be totally isolated with COVID without the technology. 
I do a lot of...ordering for food stuf online...so it’s just a great big 
plus. And it does help me stay connected. You know, I don’t really 
like to call people. I don’t like to use the phone so much and I usu-
ally get tired. So it’s good to have the capacity to text people and to 
email people to stay in touch that way. So...I’m always grateful for 
the technology that we do have available today, and that I personally 
have available to me. If I didn’t have a smart phone or a laptop I’d 
be in a very bad place.” Computing device use during COVID-19 
increased not only for personal use, but also for attending work or 
school remotely [57]. Three of our six participants (P4, P5, and P6) 
transitioned to working from home. While all these participants 
had used computing devices for their work before, the transition 
to remote work meant that activities that had been conducted in 
person (e.g., meetings) now were done virtually. In addition to re-
mote work, P6 mentioned changes to her university coursework, 

including more online lectures. Interestingly, she noted how this 
change had increased accessibility because she no longer had to 
request lecture recordings. She stated, “I had asked for the accom-
modation of being able to video record lectures because I couldn’t 
take notes....Well...what was an accommodation then is actually stan-
dard practice now. Because of COVID-19, all the lectures are —even if 
they’re done in person—...they record them.” However, the constant 
use of computing devices for work and personal use could become 
problematic. P6 spoke about increased screen fatigue, “I am aware 
that I need to get away from it more often. I defnitely scheduled 
breaks, just to get away from the screen for a bit.” 

Computing devices were used not only to interact more 
virtually, but also to interact in-person with others. For ex-
ample, P1 attended a university within a COVID-19 bubble4. P1 
commented that within his bubble he used his computing devices 
more for face-to-face interaction. He stated, “Not interact like send 
text messages, but actually, physically interact with people. Like show-
ing them stuf on the phone instead of carrying around papers and 
handing out papers.” He mentioned that this increased COVID-19 
safety in a few ways. Firstly, it helped P1 avoid handing materials 
like papers back and forth. This helped prevent fomite-mediated 
transmissions5. Secondly, he mentioned that the new safety pro-
cesses within his bubble required him to show electronic confrma-
tions to others in person. He gave an example of this in which he 
had to use an electronic system to reserve his meals at his univer-
sity. When he arrived at the dining hall, he displayed a reservation 
confrmation in order to get food. He stated, “There’s a reservation 
system for all the dining halls, and...you have to verify that you’ve 

4A bubble is a group or community that avoids seeing anyone outside of that group in 
person in order to limit the spread of COVID-19 from outside sources [69].
5Transmission of the virus through surfaces 
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reserved electronically. So my phone is always out when I do that.” 
This was implemented in order to limit the number of people in 
the dining hall at one time and ensure social distancing. 

4.2 Social distancing increased the need for 
new AT, authentication requirements, and 
communication platforms, which 
introduced new accessibility barriers 

Social distancing required people to limit their face-to-face inter-
actions with others. Ofen our participants had to adopt new 
AT, authentication requirements, and communication plat-
forms for remote interactions. This new technology ofen did 
not fully meet the needs of our participants, resulting in de-
creased usability. 

As a result of social distancing, computing devices were 
used for much longer, resulting in the need for new AT. For 
example, P6 used her computing devices more often in order to 
work and attend classes remotely. As a result, some of P6’s com-
puting device accessories (e.g., mice and keyboards) had become 
uncomfortable over time. One way that P6 compensated for this was 
to use Dragon Naturally Speaking6 [19], “almost exclusively now” 
for work and schoolwork. Dragon was easier to use overall; how-
ever, it presented some challenges with the rest of her COVID-19 
workfow. One such barrier occurred during the authors’ interview 
with P6. At the start of the interview, P6 encountered challenges 
connecting her camera to the Zoom meeting. P6 used a diferent mi-
crophone for meetings than she does for Dragon. As she explained, 
“The [microphone] I use [for] Dragon...it’s just a microphone. So it 
doesn’t pick up as much machine noise and as much ambient noise as 
the camera one does. Camera one doesn’t seem to pick up the speech 
that well for dictating. Plus, I don’t want my camera on all the time.” 
The use of two diferent microphones was efective but necessitated 
switching between them. This decreased usability and occasionally 
led to issues like the one that occurred during the interview. P6 
reported that this happened more often during COVID-19 because 
she had more online meetings: “The issue of which microphone I’m 
using, and switching to cameras and stuf is a much more frequent 
activity.” 

Virtual interaction requires the use of more authentica-
tion, which creates accessibility barriers. In addition to increased 
computing device use, our participants had new software and se-
curity requirements for working remotely. This new workplace 
software required authentication. However, authentication often 
creates barriers for people with UEI when it makes assumptions 
about a user’s ability to complete motor tasks such as entering a 
password or positioning a biometric sensor [28, 34, 43]. P5 reported 
on the increased volume of software and security requirements, “For 
the work [computer] I have more PINs now, and passwords because of 
COVID....to log into the computer we have to sign in. And then we have 
VPN so we can access our server. And that requires a login. And that’s 
all manual, including getting a text and then putting that password 
into the computer from a text in order to get to the VPN. And then we 
have... Jabber, which needs a password...so the need for passwords has 
increased by a lot.” For P5, authentication is inaccessible because 

6Dragon Naturally Speaking is speech recognition software. 
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of the fne motor tasks involved. Furthermore, much of the new 
software she used did not ofer options for authentication beyond 
passwords, which greatly limited her ability to implement an efec-
tive workaround. For instance, for P5, fngerprint biometrics were 
easier to use for authentication than passwords. However, the new 
software did not ofer accessible alternatives like biometrics. She 
commented, “None of it’s [fngerprint], none of it’s touch. All of it’s 
typing.” P5 continued using the new software despite its usability 
issues as it was essential for working remotely. 

Social distancing moved many personal interactions on-
line, resulting in isolation when communication platforms 
were inaccessible. As the need for virtual interactions increased, 
more communication platforms were necessary to stay connected to 
friends and family. In the worst-case scenario, the number of online 
accounts required for both personal and work-related communica-
tion became overwhelming. In order to mitigate this, P5 abandoned 
several accounts including Facebook, Twitter, and Google. P5 in-
stead used applications, like text or e-mail, that were more accessible 
to her. She felt unable to use the platforms that others used to stay 
connected during COVID-19, “I don’t really have access to that part. 
I have access to other, you know, other ways to keep connected...using 
more of the older technology, like texting and email, but I don’t use 
the newer stuf. . . I fnd them overwhelming actually.” This made it 
difcult for P5 to connect with others virtually, which is essential 
during a pandemic when everyone is physically separated from one 
another. She reported how isolated she felt, “Sometimes I feel that 
I’m being left behind, you know, and a little more isolated.” 

4.3 PPE used for COVID-19 interfered with 
some assistive technology that people with 
UEI used. 

PPE such as masks were used to prevent transmission of COVID-19. 
However, many ATs used by people with UEI to make computing 
accessible did not work well with PPE. This created a conflict be-
tween the need for PPE to maintain safety and device usabil-
ity, which ofen caused people with UEI to prioritize safety at 
the expense of usability. 

Masks interfered with with mouth-based AT. Both P2 and 
P4 used some form of mouth-based AT, which was impeded by 
masks. P2, who used a mouth stick for his iPad, commented: “With 
the iPad, I use a mouse stick. So I couldn’t use the mask.” Since he 
generally used the iPad inside, where he did not often wear a mask, 
this was usually not an issue. However, P2 often brought his iPad 
with him when he left the house. He commented, “When I’m out 
and about...my iPad’s in my backpack.” This raised safety concerns 
if he were to use the iPad while outside. P4, on the other hand, used 
a stylus on her iPhone by holding it with her mouth. Sometimes, 
she pulled down her mask if she was alone and it was safe for her 
to do so. However, when in public, she often still needed to use her 
phone, but the mask interfered with its use. She worked around 
this barrier by sticking the stylus through her mask to type. She 
explained this process in detail, “I have an iPhone 6... so I can attach 
[the stylus] with a shoestring... So I pick [the stylus] up with my mouth 
and I either answer the phone or start a text or whatever...When I have 
my mask on, I either pull the mask down and put the [stylus] in my 
mouth or I leave the mask on and kind of push the stylus through the 
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mask – without making a hole – just enough for my lips to hold it 
and then I use it that way.” When she was around others, she put 
the stylus into her mouth through the mask without removing or 
making a hole in the mask. Because she was not removing the mask, 
this method protected her from aerosol transmission of COVID-19. 
This worked with the type of cloth masks that she used and allows 
her to continue to stay safe in public places. However, it may not 
have worked with rigid masks such as many N95 or KN95 masks. 
Additionally, while this was efective, it was not as comfortable or 
usable as pulling down her mask to use her stylus. 

Masks often mufled voice commands, which impeded the 
use of voice assistants. Voice assistants can be used on various 
computing devices by people with UEI to complete tasks without 
having to type. However, masks often mufed voice commands 
leading to the voice assistants ignoring or misunderstanding input. 
Both P2 and P3 used a voice assistant on their iPhones (Siri) to 
complete various tasks while outside of their homes. P3 succinctly 
explained how the mask interfered with Siri: “If I’m on my iPhone, 
and I try to use Siri with a mask on, it doesn’t always recognize my 
voice. So I type instead.” For P3, while he found voice commands 
provided increased usability, he was able to type on his phone as 
a backup. P2, however, was not able to manipulate his iPhone in-
dependently without voice commands. Instead, he used a variety 
of workarounds, which prioritized usability and safety diferently 
depending on the situation. When he had someone with him who 
could help him, they assisted him in getting the voice commands to 
work. He commented, “If I’m with someone, I’ll have them maneuver 
the phone so it will work. If not, I’ll just come back in the house and log 
into my computer or iPad. Without the mask, or if I’m with someone, 
I can pull my mask down and get what I need to from the phone and 
then they can put my mask back up.” Getting help from others to pull 
down his mask preserved usability; however, it caused additional 
exposure from the person helping him, resulting in less COVID-19 
safety. Additionally, P2 did not always have someone around to 
help him. When he wanted to fx the problem without assistance, 
he sometimes traveled back home to use his laptop, which he was 
able to manipulate himself without removing his mask. Sometimes, 
he was able to avoid going back home by fnding quiet areas to 
prevent ambient noise from interfering with voice commands. With 
less noise Siri was often able to hear him. This strategy allowed 
him to avoid being overly inconvenienced. He commented, “I know 
enough quiet places in the neighborhood where I haven’t had to come 
back often.” 

Masks, gloves, and face shields interfered with authenti-
cation, especially facial recognition. P1, who used cloth masks, 
a face shield, and gloves to protect against COVID-19, reported, 
“Facial recognition doesn’t really work with a mask on....In the begin-
ning of the pandemic...I wore a face shield and gloves as well. And 
that didn’t really work with a phone. So it was just very inconvenient.” 
He used various workarounds to log in that balanced diferent as-
pects of usability and safety. One workaround P1 used was to log 
in ahead of time. That way, he would not need to sign in while 
wearing his PPE. He explained, “I would sign into my phone before 
I got out of the car or something, and then put on the gloves, and 
then just keep it signed in. So, let’s say that I needed like an email to 
like show to somebody then I’d just pull up that email beforehand, 
then put all the protective equipment, just keep the phone on there 

and then show it.” Generally, because social interactions have been 
less spontaneous during COVID-19, he was able to anticipate what 
he would need and plan appropriately. While this strategy was 
efective, it presented a security risk by keeping his computing 
device signed in continuously. As security is one of the main rea-
sons people with UEI use authentication [43], this was not ideal. 
Later in the pandemic, P1 stopped using the face shield and gloves 
because the inconvenience of using them outweighed the safety 
benefts. He continued to use the cloth masks, which interfered 
with facial recognition. He used passwords and PINs as redundant 
log-in methods as a workaround. He stated, “Using PINs and pass-
words more and being a lot more aware of my timing of logging into 
things. . . those are the two biggest things that have defnitely changed 
with COVID.” 

5 DISCUSSION 
Our results provide us with information about the changes that 
COVID-19 has had on computing device use for people with UEI. 
We found that COVID-19 safety was a priority for our participants. 
Further, COVID-19 has exposed gaps in accessibility research that 
must be explored to prepare for the future. This is critical not only 
for the ongoing threat of COVID-19 and its variants, but also due 
to the frequency of similar respiratory pandemics worldwide [77]. 

Existing AT and PPE must be adapted to work well to-
gether. PPE (e.g., face masks) are not going away any time soon, 
especially as the spread of COVID-19 variants causes an increase 
in mask mandates [8]. However, we found that the technologies 
used by people with UEI (e.g., mouth-based AT, voice recognition) 
do not work well with PPE. Furthermore, adjusting or removing 
PPE requires motor tasks which can present additional barriers 
for people with UEI. For example, when P2 is unable to use voice 
commands due to his mask, he often relies on others to help him 
adjust his mask as he is not able manipulate his mask or his phone 
without help. It is important that people with UEI are able to use 
AT that they need to access their devices while remaining safe and 
healthy. It is therefore essential that the AT used by people with UEI 
is made more tolerant to changes brought on by PPE. Some work 
has focused on improving facial recognition for people wearing 
face masks [35, 44]. In fact, Apple has suggested a workaround 
for their Face ID system for people wearing masks [35]. However, 
this system requires the user to own and wear an Apple Watch 
[35]. This may not be practical for people with UEI both due to the 
high expense of Apple products as well as the fne motor control 
required to enter a PIN into small devices like the Apple Watch [49]. 
Additionally, some work has been done on increasing communica-
tion while using PPE such as face masks [6, 17]. However, existing 
work has focused on human to human communication through 
means such as gestures, clear face masks, and AAC. Further work 
is needed to adapt voice assistance and voice recognition software 
to work efectively with PPE friendly communication methods. Fur-
thermore, future designs of protective equipment should consider 
how they can be altered to be more accessible, such as making it 
easier to hold a mouth-based pointer device with a mask on, as it is 
not always possible to replace the technology people already use. 

Authentication should be made accessible for people with 
UEI. Authentication has known accessibility issues for people with 
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UEI [28, 34, 43]. COVID-19 increased the number of authentica-
tion instances necessary to complete tasks. This is especially true 
for new work-from-home policies. This has created issues for our 
participants, like P5, who struggled with authenticating to many 
diferent programs at her workplace. Authentication must be made 
accessible for every device and for every application. In addition, 
organizations such as work places should carefully consider accessi-
bility needs before adopting new technology or security constraints. 
One approach to address this could involve multiple options for 
authentication such as the fngerprint authentication favored by 
P5. 

Computing devices should work accessibly and ergonom-
ically over long periods of use. In addition to new technology, 
during COVID-19, people with UEI have been using computing 
technology more often and for longer lengths of time. This can 
lead to accessibility barriers in computing device use over time. 
Some of these barriers can be addressed by creating easier systems 
for switching over microphones or creating more ergonomic and 
adjustable desktop settings for mice and keyboards. It may also 
be necessary to design additional technology or social solutions 
that encourage taking breaks during computing device use to avoid 
fatigue. Prior research has focused on understanding user needs 
and desires for breaks [36], creating new workplace or computing 
device changes to decrease fatigue [1, 82], and prompting breaks 
during workplace activities [11, 46]. However, COVID-19 has raised 
new concerns about the need for breaks not only during work but 
also for virtual interactions in our personal lives. Furthermore, more 
research is needed to determine the specifc needs of people with 
UEI in combating fatigue. For example, AT used by people with 
UEI may introduce new sources of fatigue during computing device 
use such as additional eye strain from use of eye gaze tracking, or 
voice strain from the use of speech recognition software and voice 
assistants. Additionally, physical break activities such as stretching 
must be designed to work with the abilities and desires of people 
with UEI. 

5.1 Limitations 
Our study has a few limitations. First, this work was completed as 
part of an interview study intended to understand device authenti-
cation during COVID-19. As part of the study, broader questions 
were asked to understand computing device use during COVID-19. 
The responses revealed emerging themes that form the basis of our 
work. However, questions about authentication were asked frst 
in the interview, which may have biased our participants. Second, 
we only had six participants. While this is not abnormal for work 
on accessibility, more participants could have provided additional 
perspectives. For instance, none of our participants needed to work 
in person during COVID-19. In-person workers may encounter 
diferent accessibility barriers. Additionally, interviews were con-
ducted remotely to preserve social distancing of the participants 
and researchers. However, this may have discouraged participants 
who face accessibility barriers during remote studies. Finally, all of 
our participants are from the US. Since the reaction to COVID-19 in 
the US was diferent from that of many other countries, our results 
may not hold for people from other countries or cultures. 

6 CONCLUSION 
In this paper, we wanted to understand the impact of COVID-19 
on computing device use by people with UEI. Therefore, we in-
terviewed six participants with UEI to learn how their computing 
device use changed during COVID-19. We found that people with 
UEI used computing devices more frequently during COVID-19 
not only remotely but also during face-to-face interactions with 
others. We also found that new AT, authentication requirements, 
and communications software used by people with UEI to address 
challenges due to COVID-19 social distancing created its own ac-
cessibility barriers. Furthermore, use of PPE introduced new ac-
cessibility barriers to computing device use, which often forced 
participants to prioritize COVID-19 safety over usability. We then 
identifed future research to make computing devices more acces-
sible for people with UEI: (1) adapting PPE and AT to work well 
together, (2) increasing the accessibility of authentication, (3) and 
addressing the challenges of computing device accessibility during 
long periods of use. Additionally, in the future we hope to conduct 
a larger scale survey to explore the impact of COVID-19 safety 
measures on computing device use for people with UEI who have 
diferent work situations or safety concerns than those included in 
this study. 
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