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ABSTRACT 
Visual impairments encompass a range of visual abilities. 
People with low vision have functional vision and thus their 
experiences are likely to be different from people with no 
vision. We sought to answer two research questions: (1) 
what challenges do low vision people face when performing 
daily activities and (2) what aids (high- and low-tech) do 
low vision people use to alleviate these challenges? Our 
goal was to reveal gaps in current technologies that can be 
addressed by the UbiComp community. Using contextual 
inquiry, we observed 11 low vision people perform a 
wayfinding and shopping task in an unfamiliar 
environment. The task involved wayfinding and searching 
and purchasing a product. We found that, although there are 
low vision aids on the market, participants mostly used their 
smartphones, despite interface accessibility challenges. 
While smartphones helped them outdoors, participants were 
overwhelmed and frustrated when shopping in a store. We 
discuss the inadequacies of existing aids and highlight the 
need for systems that enhance visual information, rather 
than convert it to audio or tactile. 

ACM Classification Keywords 
H.5.1 [Information Interfaces and Presentations]: User 
Interfaces – mobile technologies; K.4.2 [Computers and 
Society]: Social Issues  – Assistive technologies for persons 
with disabilities. 

INTRODUCTION 
Low vision is pervasive: according to the center of disease 
control and prevention at least 3.3 million Americans over 
the age of 40 have low vision [49], and this estimate is 
expected to increase dramatically in the coming decades 

due to age related eye diseases [12, 27]. Low vision is 
defined as a visual impairment that cannot be corrected 
with glasses or contact lenses. There are different kinds of 
low vision, including limited peripheral or central vision, 
blurry vision, light sensitivity, and blind spots [11].  

Several UbiComp systems have been built to improve daily 
challenges for people with visual impairments, such as 
wayfinding (e.g., [9, 16, 24]) and shopping (e.g., [7, 21, 
39]). However, these systems are designed for people with 
no vision and thus convert visual information mostly to 
auditory information. People with low vision have 
functional vision, and their challenges and strategies are 
likely to be different than those with near or total vision 
loss. Thus, mobile technologies designed for people without 
vision may not fit the needs of low vision people. Previous 
research on low vision assistive tools mostly used 
quantitative methods rather than a qualitative user centered 
approach; this research was mostly conducted in lab 
settings, rather than examining real world daily activities. 
Moreover, such studies have mostly examined low vision 
aids (e.g., monoculars or magnifying lenses) and not mobile 
technologies such as smartphones. The question of how 
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Figure 1: Examples of strategies people with low vision 
used in our study. On the left, the person is holding a 
product very close to their eyes to read its description. On 
the right, a person is using a monocular to read a street 
sign. 
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UbiComp technologies can address the specific needs of 
people with low vision remains open.  

In this paper, we present a study that examines the patterns 
and challenges of low vision people in-situ and explores 
whether and how they use mobile technologies in a real 
world scenario. We were interested in how assistive 
systems can help people participate in daily activities in 
their neighborhood independently. Thus, we examine 
wayfinding and shopping tasks because they represent 
activities that are critical for independence and high quality 
of life [29]. We observed low vision people as they 
purchased medication from a local pharmacy. This task 
consisted of a variety of sub-tasks including finding a local 
business, wayfinding and navigating indoors and outdoors, 
crossing streets, interacting with strangers, and identifying 
and purchasing a specific product.   

We sought to answer two research questions:  

1. What challenges do people with low vision face 
when performing daily activities in an unfamiliar 
environment?  

2. What low- and high-tech aids do low vision people 
use while performing these activities and why do 
they use them?  

We conducted a contextual inquiry [6] study with 11 low 
vision participants where we observed them in-situ as they 
completed the task. This method, of observing participants’ 
behavior as they perform a daily activity in real-time, 
allowed us to discover how people with low vision perform 
tasks, what kind of struggles they encountered, what aids 
they tended to use, and how these aids helped them. 

Our study revealed two key findings. First, we found that 
participants struggled but used their vision extensively to 
gain information about their environment. This highlights 
the importance of developing mobile assistive technologies 
based on vision rather than audition or touch that will fit the 
needs of low vision people. Participants mainly used their 
smartphone for outdoor wayfinding using map based 
applications. However, navigation using the smartphone 
was challenging, because smartphone’s accessibility tools 
(e.g., screen magnifiers) did not provide adequate support.  

Second, we found that participants experienced a striking 
difference between in-store product search and outdoor 
wayfinding. There were few aids that helped participants in 
the store, thus finding a product in the store was the most 
challenging subtask in our study, and participants often felt 
lost or frustrated.  

In summary, we contribute the findings from our study, 
which present a set of user needs and opportunities for the 
design of technology for low vision people that can be 
addressed by the UbiComp community.  

BACKGROUND: LOW VISION AIDS  
Since low vision is not often addressed by UbiComp 
research, we briefly describe the aids available for low 

vision people that can potentially help people complete our 
shopping and wayfinding task.  

Specialized devices for low vision include optical devices 
and video magnifiers. Optical devices have magnifying 
lenses and include magnifying glasses for seeing nearby 
objects and monoculars and binoculars [45] for seeing 
distant objects. Digital magnifying devices include 
handheld video magnifiers such as the RUBY [35]. These 
specialized devices often stigmatize users in social settings 
[38], and many avoid using them or abandon them 
altogether [14].  

Smartphones, as mainstream devices, provide an 
opportunity for independence without the social stigma of 
specialized devices [38]. Smartphones’ operating systems 
have features that can help low vision people on Android 
[4] and iOS [42]. Most operating systems allow users to 
adjust the default text size of the smartphone’s interface and 
most built-in applications. Several features allow users to 
enlarge content on the screen. For example, “pinch-to-
zoom,” allows users to magnify screen content, however it 
does not work for every application and the zoom level is 
limited. There are also built-in screen magnifiers that allow 
magnification of the entire screen contents with specific 
gestures. For example, dragging two fingers allows users to 
pan the viewport to see other parts of the screen. Instead of 
magnifying the entire screen, users can also define a 
rectangular window that magnifies only the content within 
it. Another tool is the smartphone’s camera, which can be 
appropriated as a digital magnifier for information in the 
environment. Some low vision people have difficulty seeing 
low contrast visuals, so they may use “negative colors,” a 
feature that reverses the color values of the entire content 
on the screen (e.g., white becomes black and vice versa) or 
modify the brightness of the screen. People with low vision 
may also use screen readers that allow the user to hear the 
content of the screen by exploring it with touch (called 
TalkBack on Android and VoiceOver on Apple) or use 
voice commands and dictation [50].  

RELATED WORK  

Performing Daily Tasks Without Vision 
Wayfinding and walking outside are examples of important 
real world tasks that are essential for independence, and as 
such, many studies investigated wayfinding for visually 
impaired people. Several studies examined navigation 
experiences of blind people. Blind navigators varied in how 
they use smartphone navigation technology and expressed 
different needs in different scenarios (e.g., indoor versus 
outdoor navigation) [47]. Information from sighted people 
doesn’t always help blind navigators [46]. For example, 
sighted people may use ambiguous phrases like  “there,” or 
provide inaccurate information about the environment. It is 
unknown whether low vision navigators have similar 
experiences to blind navigators.   
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Several systems have been proposed to help people with 
visual impairments in outdoor mobility and wayfinding. 
One focus area in the UbiComp community has been 
providing information for obstacle avoidance to improve 
blind pedestrians mobility. For example, one system uses a 
depth camera to provide obstacles information using 
sonification [10]. Another system, iSee, uses RGB-D 
sensors to obtain depth and color images to detect obstacles 
and announce them to the user using voice feedback [24]. 
Several systems provide information to help blind people 
cross intersections [13, 16, 37]. For example, 
CrossingGuard is a system that provides audio information 
about intersections, such as the shape of the intersection and 
the names of the streets [16]. CrossingGuard uses 
information about intersections either by extracting it from 
OpenStreetMap (an open source mapping database with 
meta data about locations [31]) or by crowdsourcing 
information from Google Street View. Non-visual outdoor 
maps have also been suggested to help wayfinding. For 
example, interactive tactile maps (raised lines) with audio 
output from a multitouch screen [9], or a system that 
provides directions with kinesthetic feedback by employing 
different acceleration patterns in opposing directions on a 
custom device [2].  

In contrast to navigating outdoors, navigating indoors is 
particularly challenging for people with visual impairments 
because GPS signal is not available [1]. Consequently, 
several indoor wayfinding systems have been developed 
using mobile sensors to scan the environment. One 
approach relies on information acquired by the user. These 
systems require the user to scan the space using sensors 
(e.g, using head-mounted camera [41] or with infrared 
camera attached to a white cane [15]) and then provide 
audio information describing the environment by describing 
the location of doors or cabinets. Another approach is to 
augment the environment with digital identifiers such as 
RFID [3] or image tags [25] that provide verbal and tactile 
information about the location. However, deploying such 
tags can be expensive and not always feasible.  

Several mobile systems can assist product search (e.g., [7, 
21, 22, 39]). For example, VizWiz::LocateIt enables blind 
users to locate products on shelves [7]. The user takes a 
photo of the shelf with their smartphone, then remote crowd 
identify the target product, and finally using computer 
vision the user is guided to the product’s location. Other 
systems help a blind user to scan barcodes or RFIDs to find 
target products (e.g., [21, 22, 39]). For example, Tekin and 
Coughlan developed a mobile phone application that guides 
the user to the barcode of a product using audio signals in 
order to provide speech information about the product [39]. 

Importantly, these systems were designed for people with 
no vision and thus rely on non-visual interactions such as 
audio or tactile information. Moreover, these studies 
examined almost exclusively people with little to no vision. 
Thus, these systems may not suit the unique needs 

associated with low vision because people with low vision 
do have functional vision. It is therefore likely that low 
vision people will benefit from different designs of 
UbiComp technologies.  

Performing Daily Tasks With Low Vision 
Prior research on assistive tools for low vision people has 
mostly examined low vision aids (e.g., monoculars or lens 
magnifiers): how they help access print materials (e.g., eye 
charts) [18, 26] and the rate at which these aids are 
abandoned [14, 28, 43]. However, studies on low vision 
aids do not explore the use of up-to-date technologies, such 
as smartphones and whether these aids help with shopping 
or wayfinding tasks. 

Low vision people face a variety of difficulties in mobility 
tasks. In longitudinal studies, participants with low acuity 
and low contrast sensitivity reported being slower walking 
up and down stairs, walking short distances, and had more 
incident mobility problems (defined as two consecutive self 
reports of difficulty walking or climbing stairs [44]). 
Experimental studies have also found that low vision affects 
mobility. People with a restricted field of view make more 
errors in a virtual reality collision avoidance task than 
sighted people [32]. The visibility of ramps was shown to 
be heavily influenced by lighting and viewing distance for 
both simulated low vision (using acuity reducing goggles) 
and low vision people [8, 23]. These studies show how low 
vision can affect people’s ability to travel safely. Low 
vision may also impair spatial learning and memory of 
locations along a path, as found when simulating low vision 
in sighted participants [34]. Some people with low vision 
receive orientation and mobility (O&M) training to learn 
techniques to navigate and walk safely. Orientation and 
mobility training guidebooks provide insights to some of 
the challenges people with low vision face when walking 
outdoors, and describe how low vision aids should be used 
(such as lenses) [13]. However, it remains unknown 
whether and how these techniques are used in real life 
scenarios, (e.g., shopping).  

Although previous studies help us understand the mobility 
challenges of low vision, they did not address wayfinding 
or shopping. Critically, none of these studies were user-
centered [6]. They did not explore real life challenges or the 
role of technology in daily activities.  For example, these 
studies did not examine the use of smartphones in 
wayfinding or shopping, daily tasks central to independence 
and quality of life.  

METHOD 

Participants 
We recruited 11 participants (see Table 1) from local 
mailing lists of low vision people and word of mouth. We 
conducted a brief screening interview over the phone to 
determine whether the volunteers indeed had low vision. 
We did not categorize participants according to visual 
impairments, because low vision entails many different 
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visual conditions, and it was beyond the scope of the study 
to address each condition. Participants varied in age from 
20 to 68 (mean=41.3), gender (five males, six females), 
employment status (four full time, five part-time or 
students, and two were unemployed), and technology 
experience  (from computer programmers to participants 
who used a computer only occasionally).  

Procedure 
Our study consisted of one hour-long session with two 
parts: a semi-structured interview in which we asked about 
participants’ demographics, employment status, and visual 
condition (about 15 minutes); and a shopping task (about 
30-45 minutes). All participants completed both parts of the 
study. We gave them the following instructions for the 
shopping task:  

For this task you will need to find the nearest store where 
you can purchase Tylenol. Find the exact Tylenol packet I 
am asking for. I would like you to buy Tylenol Extra 
Strength Caplets, 500 mg 100 Count.  

We asked participants to search for Tylenol because it is an 
example of a product that requires reading fine print. 
Especially with medication, being able to identify a specific 
product can be critical. We gave participants money ($10-
$15) and explained that a researcher will follow them, but 
will not be able to help. We encouraged participants to 

explain what they do and why, following a master-
apprentice relationship model of contextual inquiry [6] and 
occasionally interrupted with questions to understand 
specific situations.  

Ten participants began the study started in our lab, which 
was in an unfamiliar area to nine of them (all except Mark). 
One participant (Yasmine) completed the study near her 
home, because she could not come to the lab. We asked 
Yasmine and Mark, to act as if they were in an unfamiliar 
environment. 

Five of our participants chose to enter a store with self-
express checkouts. We were interested in exploring the 
accessibility of these machines so we asked participants to 
use them for the product purchase. We asked these 
participants to also describe their experiences of paying at a 
regular cashier. 

ANALYSIS 
We audio-recorded all interviews with a smartphone and  
recordings were transcribed. During the study, researchers 
took notes and developed codes using open coding [36]. 
Two researchers independently read six transcripts and 
coded the data. Due to the agreement between the two 
researchers, the remaining transcripts were coded by one 
researcher. Themes were discussed and developed in the 
research team using affinity diagrams and axial coding [36]. 

 
 

Pseudo- 
nym 

Age/ 
Gender Employment Visual 

Impairment 
Diagnosis 

Onset (age)
Progressive 
Condition Phone and Devices 

P1 Richard 56/M Retired 
programmer 

Bilateral optic 
atrophy Birth No Samsung galaxy 4 

P2 Lora 55/F Part time dance 
instructor 

Steven Johnson 
syndrom 4 Yes Feature phone 

P3 Gordon 23/M Intern, 
programmer Stargardt's Disease 21 Yes iPhone 

P4 Joanna 55/F Unemployed 

Pathological 
myopia in the right 
eye, detached retina 

in the left eye 

25 Yes iPhone, travel cane 

P5 Yasmine 68/F 
Part time teacher 

at a senior 
center 

No vision in the 
right eye, tunnel 
vision in the left 

eye 

55 Yes iPhone, white cane, 
magnifying glass 

P6 Adam 36/M Tutor Reverse RP 6 Yes iPhone, white cane 

P7 Marie 58/F 
Teacher for the 

visually 
impaired 

Retinopathy of 
prematurity Birth No iPhone, magnifying 

glass, monocular 

P8 Ethan 31/M Private 
contractor Albinism Birth No iPhone 

P9 Megan 30/F Student Nystagmus, acuity 
lower than 20/100 Birth Yes LG smartphone, 

magnifying glass 

P10 Oprah 20/F Student Stargardt's disease 19 Yes iPhone 

P11 Mark 23/M Student Albinism, 
nystagmus Birth No iPhone, monocular 

Table 1: Participant information and devices they used.  
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We continued recruiting participants and analyzing our data 
until we reached saturation: we no longer found additional 
unique challenges and strategies of participants.   

RESULTS 
All participants completed the task successfully but faced 
multiple challenges. Unsurprisingly, younger participants 
who had better vision (e.g., Gordon, Oprah) typically 
completed the task faster than older participants who had 
more severe conditions (e.g., Marie, Yasmine). While all 
participants faced challenges throughout the task, the most 
severe challenges were generally experienced while 
searching for and purchasing a product. 

First, we describe the challenges participants faced and the 
strategies they employed in different parts of the task; this 
should allow the reader to “follow” our participants as they 
complete the task. Second, we describe the aids participants 
used and the challenges associated with using them.  

Outdoor Experiences
In general, participants faced challenges walking and 
wayfinding outdoors, due to lighting conditions and the 
need to see distant objects. They used different strategies to 
find a store and walk to it successfully.  

Finding A Store 
Participants used different methods to find a nearby 
pharmacy location: seven participants used their phones, 
three participants tried to look around to see if they could 
find a pharmacy (two failed), and three asked pedestrians if 
they knew a nearby pharmacy. Using the phone outdoors 
was difficult, because participants faced accessibility 
challenges (see section Use of Aids). Moreover, it was 
difficult for participants to see the phone’s screen outside, 
mainly due to sunlight. Participants were also hesitant to 
use their phone outside because they worried the phone will 
get lost or stolen. Looking around for a pharmacy was 
mostly unsuccessful. One participant missed a large 
drugstore sign even though it was just across the street. 
Finally, asking pedestrians for directions was not always 
helpful (see section Asking For Help). 

Walking Outside 
Participants’ type of visual impairment and the lighting 
conditions affected their ability to notice obstacles, uneven 
pavement, or people. For example, one participant bumped 
into a pedestrian and mentioned that it happens often, and 
another walked very carefully because the street was under 
construction. Sunlight was helpful for some participants but 
a hindrance for others. For most participants, walking in the 
dark was more difficult than in daylight. Megan mentioned 
she does not travel alone at night, “I stay home at night. If I 
go out I have somebody with me.” Transitions between 
indoor and outdoor lighting conditions were also 
challenging. Adam explained, “If I'm transitioning from 
outside to inside sometimes my eyes adjust slowly.”  

Two participants used a white cane and one explained he 
only used a white cane occasionally depending on the 

lighting conditions and familiarity with the environment. 
Other participants mentioned owning a cane but not using it 
since it was not necessary for them to travel. One 
participant mentioned she would rather not use a white cane 
because it identified her as blind. Instead she used a red and 
white walking cane that was supposed to identify her as 
visually impaired, but only to public employees, not 
strangers. “Most people don't identify this as a visually 
impaired cane. It's supposed to let bus drivers know and cab 
drivers know, I have a visual impairment, but they don't 
[always] know that”, (Joanna).  

Crossing streets 
Crossing streets was challenging for some participants 
because they struggled seeing traffic lights and approaching 
cars. Some participants mentioned that seeing traffic lights 
was in fact easier at night, since there was no glare from the 
sun. For others, very bright or dark conditions were 
difficult. Participants used different strategies to make sure 
it was safe to cross a street. For example, many said they 
would cross when a group of people was crossing or relied 
on auditory information in addition to visual. Lora 
described how she uses both visual and auditory cues when 
crossing streets, “Two things for me. I listen with my ears, 
and I observe how people are crossing.” Mark described 
how the sound of traffic could be more reliable than visual 
information. Two participants mentioned that they changed
their walking patterns near their homes to avoid crossing 
two-way streets, because they felt safer crossing one-way 
streets.  

Seeing and Reading Street Signs 
All participants reported challenges seeing and reading 
signs (e.g., street names). Participants were often unable to 
tell where street signs were located. Even when they saw 
signs, participants were unable to read them comfortably.
Participants tried to understand their location by improving
visual information with a variety of strategies.  For 
example, one participant used the position of the sun in the 

Figure 2: A shelf containing Tylenol in one of the 
pharmacies participants visited. The target Tylenol 
product in our task is displayed on the bottom left. 
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sky to navigate, and another searched for landmarks, “I 
know that this is a bank, the Bank of America, because I 
know the logo is red and white. I go by the logo too, to 
recognize my landmarks” (Marie). Two participants used a 
monocular to read street signs (see “Use of Aids”). Gordon 
mentioned he tried to walk with friends because they can 
see the street signs and Ethan blocked sunlight with his 
fingers to be able to read a street sign. 

In-Store Experience 
Finding the product in the pharmacy presented many 
challenges for our participants; it was the most challenging 
part of our task and took our participants the longest 
amount of time. Participants noted the difficulty 
immediately when entering the store. Lora noted how long 
finding the product would take: “Now that might be a little 
tricky, because sometimes, I walk all around the store.” 
Ethan was frustrated by how long it took him to find the 
product, “You see the amount of time that is being wasted. 
It's not just a walk to go to the store and pick up some 
Tylenol now.” 

Store Layout and Aisle Signs 
Understanding the store’s layout was time-consuming and a 
major challenge for our participants. Most participants 
(seven) started their search in the store by walking along 
each aisle, closely examining the products on the shelves. 
They couldn’t scan an aisle’s contents from a distance so 
their search was much slower than it would have been for a 
sighted person. 

All but one participant missed the large signs indicating the 
pharmacy location inside the store (where the Tylenol was 
displayed). Five participants could not see the signs, let 
alone read them. Joanna noted, “If I could see [the signs], I 
read them. Nine times out of 10, I can't see them.” Marie 
explained that she cannot use her monocular to read signs 
because she cannot see where the signs were located. 

Participants relied heavily on visual cues like the shape of 
products (e.g., boxes, bottles), packaging, and colors to 
identify the contents of shelves. Marie explained: 

I can't read the names of the mouthwash, but I know by the 
shape of the bottle and the color of the bottle of this 
mouthwash, so I know that all the mouthwash products and 
toothpastes, toothbrushes are in this aisle, even though I 
can't read the exact name until I get a little closer. I learn 
to recognize the shape of the objects, the color. I don't have 
to see the word to know. (Marie)  

Finding a Product on The Shelf 
Finding the desired product on the shelf was challenging for 
our participants because it was hard for them to identify the 
correct product among similar ones. Nearby products 
looked similar, having the same brand or being the generic 
version of the product, making it almost impossible to 
identify the specific Tylenol package (see Figure 2). Marie 
described how she picks up each product to find the right 
one, “Now I have to take out everything there is and to 

 look, because I know that everything is Tylenol.” 
Some participants asked for help (see section Asking for 
Help), and interestingly, in one store finding the item on the 
shelf was difficult even for store employees. Participants’ 
ability to read products descriptions depended on font type 
and size, and only five participants were able to read 
descriptions of the Tylenol packet comfortably.  

Participants who were familiar with the Tylenol product 
narrowed their search based on its red color (see Figure 2), 
One participant who was not familiar with the product said 
he might try to find a picture of the product to be able to 
narrow the search according to color and size, “Sometimes 
if it's impossible to find, I might take out my telephone, 
Google for a picture of the product, and then that makes it 
much easier because then I can use color, size, and other 
cues” (Mark). 

The physical locations of products on the shelf also played 
a role in the search experience. Products on low and high 
shelves were farther away from eye level and thus harder to 
read. For some participants finding products on low shelves 
required picking up each product and holding it close to 
their eyes, but that was almost impossible for old and tall 
participants because bending over was physically difficult.   

The majority of our participants (seven) had to take out 
each product and try different strategies in order to read its 
information. They held the product several inches from 
their eyes, used a magnifying glass, estimated the product 
content by the shape and size of the box, or took a photo of 
the product with the phone to magnify it. But all these 
methods slowed down the search significantly. One 
participant mentioned avoiding reading altogether and 
preferred asking for help, ”That's my last step [reading the 
label]. If there's no one around for me to ask, then yeah, I'll 
have to” (Oprah). Moreover, even after reading the 
contents, some participants missed important information, 
especially when the font size was small, for example they 
did not notice the type of caplets in the product or that it 
contained caffeine.  

Participants tried to use their phone but that did not end up 
being a successful strategy. For example, some participants 
mentioned the option of taking a picture of items on the low 
shelves. “Let's say, I wanted to look at the price on 
something on the very bottom of the shelf or bottom two or 
three shelves,” said Adam, “I would actually take a picture. 
I would stand back. I would take a picture and then I could 
zoom in on it and look.” However, none of our participants 
actually did that. One participant explained that the phone 
camera’s resolution was too low, so pictures were blurry 
after magnification. Three participants tried to scan the 
product’s barcode with a QR application on their phone to 
get the product’s price, but weren’t able to do so (the 
barcodes of products were not readable with QR readers).  
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Buying the Product 
After finding the product, buying it was also a challenge—
participants had to find the register, stand on the correct 
side of the line, see prices on payment machines, and 
interact with the cashiers.  

Standing on the correct side of the checkout line was not 
easy, and mistakes sometimes caused awkward situations. 
Marie said, “Now it's a matter of knowing where the line 
starts. I'm on the wrong side of the line. So that I'm not 
accused of cutting in front of people.” 

Interacting with payment machines was a challenge for 
participants because seeing the screen depended heavily on 
the screen’s distance from eye level, its contrast, brightness, 
color, and resolution. Entering information on payment 
machines (such as a PIN or a phone number) was hard 
because it required seeing the buttons (especially on a 
complete touchpad) and because the feedback from the 
machine is visual. For example, Adam explained,  “Having 
to look back up at the screen to see if a little star up here, 
when you put in a PIN number, can be annoying.” Not 
being able to interact with the payment machine was also a 
privacy concern because participants had to ask the cashier 
to enter information for them.  

Interactions with cashiers were a source of anxiety for our 
participants, because usually cashiers could not tell that the 
participants had a disability and needed assistance. Gordon 
explained he would rather ask for the price because he did 
not feel comfortable straining to see the screen in front of 
the cashier, “If I did want to see the price, I'd probably bend 
over and squint at it, but because it would look a little 
strange, I probably would just rather ask.” One participant 
whose disability was visible mentioned how cashiers would 
take advantage of her disability by overcharging her, giving 
her the wrong amount of change, or charging her for items 
she did not receive, “I've had experiences where, I've been 
in the grocery, and [the cashiers] take my groceries and I 
get charged for it anyways” (Lora). 

Ethan explained how cashiers could be rude to him when he 
asked them to say the prices of products out loud: 

 Like say if I went to the register and their price screen was 
over on the side, I'll say, "How much is the item?" I'll have 
a cashier so many times just flip the screen my way. I'll be 
like, "I can't see that. How much is it?" They would have an 
attitude about it because it's extra. I could never understand 
how is it extra to tell me a price of an item that you just 
scanned? That you see immediately? For the life of me, I 
don't get it… I'll say, "I'm sorry, I'm legally blind. I can't 
see that." They'll be like, "Oh, okay then” (Ethan).  

Seven participants said they tried to use the credit option on 
the payment machine, so they don’t have to enter 
information on the keypad and touchscreen (though this 
transaction method does not allow cash withdrawal). 

In contrast to payment machines, participants had positive 
experiences with self-express registers. Some stores have 
self-express registers (separate payment machines without 
cashiers) and we observed five participants using them. The 
self-express register screens were at eye level, were larger 
than the regular credit payment machines, displayed text 
with a large font, and had an “intuitive” user interface. The 
prices of items were both displayed visually and announced 
in a loud clear voice. Because some participants 
experienced problems getting the correct change from 
cashiers (whether deliberately or not), they felt more 
comfortable paying a machine, “I tend to trust this machine 
because I've never had a problem with it giving me the 
wrong change” (Ethan). 

Asking for Help   
Participants often asked other people for help during the 
task when trying to find a pharmacy and when trying to find 
a product in the store. However, many participants did not 
feel completely comfortable asking strangers for help, and 
often the help they received was unreliable or inaccessible. 
A previous study found that sighted people often provide 
unhelpful feedback for blind navigators [46]. Our study 
extends these findings to low vision people. For most of our 
low vision participants their disability was not visible, 
which often meant that people did not notice they needed 
extra help. Many participants avoided asking for help and 
referred to it as a “last resort.” Joanna explained she wanted 
to avoid letting strangers know she was lost and 
vulnerable,  “I don't like to be lost or feel lost, or let people 
know that I'm lost.” Participants preferred being 
independent, even though the task took longer. Adam 
explained, “I would rather spend all this time looking 
myself, I'm sorry, than asking because that's who I am.” 
Only one participant asked for help immediately when she 
entered the store to save time, saying she always asked for 
help from a store employee. 

Participants tried to use different strategies to receive more 
reliable information from pedestrians. Richard received 
incorrect directions when he asked a pedestrian and said he 
prefers asking a person on duty such as a policeman or a 
post office employee. Adam asked several people to make 
sure the information was correct.  

Often the directions participants received did not fit the 
level of description required for low vision people, both 
because strangers did not know the person had low vision, 
and because they probably did not know that low vision 
people needed more detailed directions. Strangers often 
pointed to locations and participants could not see clearly 
the target of the gesture, or gave vague descriptions, 
assuming the person can see. Ethan felt vulnerable after 
receiving incorrect information during our study, “You're at 
a person's mercy when you need help and you can't really 
define how you would like you receive that help.” Lora 
described how getting vague directions was frustrating, 
“people who are visually impaired get annoyed and 
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frustrated, because a lot of people are so accustomed to 
saying, ‘oh, it's right there.’” Interestingly, Lora said she 
had received incorrect directions on her way to our study 
and was only able to receive appropriate help when she 
made her disability visible.  

That's when the lady said, ‘Oh yeah, come follow me. I’ll 
show you where it is.’ By that time, I took off my 
sunglasses, and she could see [my disability]. (Lora) 

Information from store employees was not always as 
helpful as desired. Ethan explained that sometimes he 
wanted to explore different products, but people only 
directed him to the specific product he asked about: 

When you're a blind and visually impaired person, you ask 
somebody to come help you. They don't usually tell you 
everything that's here and you may want to try something 
else, but no one's reading anything else. They just want to 
know what are you here for and they find what you're here 
for and that's it. (Ethan) 

Moreover, employees often provided unreliable or 
inaccessible directions as well (for example, by giving aisle 
numbers).  

Use of Aids 
Although participants struggled with the task, they did not 
use many aids. Outdoors, participants mostly used their 
phones and to some extent monoculars; in a store, 
participants used the phone occasionally and, in one case, a 
magnifying glass. Participants found that it was 
inconvenient for them to take their smartphone out of their 
pocket or purse. Importantly, using aids did not alleviate 
their search for the product. We describe the specific 
challenges participants had using monoculars and their 
smartphones. 

Monoculars 
Monoculars are used for seeing distant objects so they 
could have been useful in our task for reading street signs 
or seeing traffic lights. However, participants used them 
only occasionally. Although all participants were familiar 
with monoculars, only two actually carried their monocular 
regularly. They used their monoculars only when they had 
difficulty navigating, such as in unfamiliar places, or when 
they were lost. “If I'm very lost and I need to read a street 
sign, or if I am looking for a restaurant that I haven't been 
at, and you never know what they look like, so then I would 
use it,” Mark said.  

Participants listed different factors that made them avoid 
using monoculars: the monocular’s field of view was too 
narrow so it was difficult to find targets, it was difficult to 
use while walking, it was inconvenient to carry an extra 
device, and it stigmatized them. Marie tried using her 
monocular to see a street sign in our study, but she had a 
hard time finding the sign with her monocular. Lora was 
uncomfortable using it in public, saying, “If I stand up to do 
this [use it], people are like staring me. I feel bad.”

Smartphones  
Smartphones were the most common aid used in the study
even though only seven participants used them. All but one 
participant had a smartphone, but three participants did not 
use their phones because they worried they would get lost 
or stolen, or because they did not know how to use certain 
applications (such as maps or search). Many participants 
did not know how to operate the smartphone’s screen 
magnifier, and even those who did often preferred holding 
the phone close to their eyes.  

Map-Based Phone Applications 
Participants often used map-based applications on the 
phone to locate themselves and find a pharmacy. On the 
one hand, these digital maps allowed participants to reach 
location information (e.g., street names), making 
wayfinding easier and allowing independence. For example, 
Marie described how these applications changed her life: 

On a bus especially, the monocular doesn't help at all. I 
can't read the street signs unless the bus is stopped at the 
corner and I can see the street sign. This makes a 
difference. It's the first time in my life that I know where I 
am on the bus exactly. It's great. That's Safari Maps.
(Marie)  

On the other hand, relying on map based applications lead 
to challenges and frustration, as Ethan summarized:  

When you're outside and you're a legally blind person, 
you're already trying to watch where you're stepping, avoid 
your obstacles with people around you. The last thing you 
need is to look at your map and become totally 
overwhelmed with the information of trying to figure out 
what's happening here? (Ethan) 

 
Figure 3: Examples of accessibility challenges in 
smarthphone map application. On the left the colors of the 
screen are reversed, which makes it difficult to see the 
street layout. On the right, a window magnifier magnifies a 
street name but distorts the street layout. 
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Several factors contributed to the challenges of using maps. 
First, GPS signal strength varied, causing participants to get 
confused about their current location. For four participants 
the phone indicated an incorrect location. In one case, it 
indicated a location as far as seven blocks away from the 
correct location. Interestingly, Ethan said that even with the 
inconsistencies of the GPS signal, using the phone was 
more reliable than asking people for help: “I think I find the 
phone more reliable than I do all the people that's walking 
past me.” Overall, location inaccuracies were frustrating for 
our participants because they were not able see other visual 
information such as street signs. To overcome inaccuracies 
with the GPS, participants used a variety of strategies. 
Marie used her prior knowledge that west side of the street 
corresponds to odd numbers. Mark explained that he 
walked a few blocks to find a location with a better GPS 
signal. Ethan used the satellite view of the maps in order to 
study the architecture of buildings to be better able to 
recognize the pharmacy destination, “I can't really find or 
see the building numbers all the time. The satellite view 
allows me to see the front of the building, it's my way of 
setting landmarks and navigating.” 

Second, the information on the map was not easily 
accessible Participants thought the pinch-to-zoom feature 
magnified text, even though it only scales the map. Often 
participants did not know how to use the screen magnifier 
and when they did they found the gestures cumbersome, as 
Mark explained, “it's a pain to have to triple swipe up and 
down every time I want to read a street number.” Marie was 
unable to magnify the maps with the “pinch-to-zoom,” and 
did not know how to operate the screen magnifier so she 
used her optical magnifying glass over her smartphone.  

Third, some accessibility features did not work well with 
the maps. For example, a couple of participants reversed 
colors on their phones to be able to read text. Although 
reversing colors on the maps allowed them to read street 
names, it made it difficult to distinguish street lines because 
the contrast was very low (see Figure 3), “The difference in 
colors is very slight. It can be hard to see. Especially if I'm 
outside in the sun” (Adam). Ethan used the window zoom 
to read street numbers, but that distorted the map (see 
Figure 3), “If I keep the window zoom on, it'll cause me to 
get disoriented because if you notice, you see how the street 
line is just off.”  

Camera-Based Phone Applications 
Camera-based applications can be appropriated as digital 
magnifier to enlarge distant objects or read small print. 
Most participants were familiar with this option, but did not 
use it often, because it was inconvenient to take out the 
phone, the camera resolution was too low, or the photos 
turned out blurry because the auto-focus did not work well. 
Mark explained that he preferred the monocular to the 
phone’s camera because it is easier to use and the resolution 
is higher. “It's more convenient for me to just use the 
monocular, and the quality also looks better,” said Mark 

Voice Commands and Screen Readers 
Participants used voice commands, dictation, and screen 
readers occasionally to access information on their phones, 
but did so in conjunction with seeing visual information. 
Five participants used voice commands to search for the 
nearest pharmacy and then explored visually the list of 
results. Two participants used a screen reader (e.g., 
VoiceOver), but had to switch it on and off depending on 
whether they were able to read the content on the screen 
comfortably. Two participants mentioned listening to-step 
by-step directions when navigating, because reading the 
directions visually was cumbersome because of the extra 
gestures required from the zoom.  

DISCUSSION AND FUTURE DIRECTIONS 
We discuss three topics that emerged from our study and 
how they provide opportunities for future UbiComp 
research. The first is that low vision people had different 
experiences and strategies from blind people. The second is 
that current visual designs provide limited support for low 
vision people, but our study revealed several ways to 
improve design for low vision. The third topic is the current 
need for aids that support shopping experiences.  

Low Vision Differs From No Vision  
Our low vision participants revealed a different set of needs 
from people with little to no vision. Most of our participants 
did not use a cane to detect obstacles as people without 
vision often do [10, 24, 46, 47]. Participants used their 
vision to see nearby obstacles and their main challenge was 
differences in lighting conditions (e.g., outdoor versus 
indoor). Moreover, in contrast to people without vision who 
cannot see signs, our low vision participants would have 
been able to see signs with proper aids, which could have 
significantly improve their wayfinding both outside and 
inside the store. However, participants rarely used aids to 
see distant objects: only two participants carried 
monoculars but they could not see a sign’s location so they 
weren’t able to use their monoculars.  

While participants rarely used low vision aids (e.g., 
monocular or handheld magnifiers), all but one used a 
smartphone; yet interacting with the phone was challenging. 
Contrary to people without vision, none of our participants 
relied solely on screen readers when interacting with their 
smartphone, and they tried to use their vision in conjunction 
with auditory information to interact with their phone. For 
example, although many participants used map applications 
to locate themselves, seeing information on maps was 
difficult and the assistive tools were not helpful enough for 
our low vision participants.  

Our results present an opportunity for the UbiComp 
community to develop systems that can accommodate the 
needs of people with low vision. Prior research has 
successfully addressed blind people perform daily tasks 
such as wayfinding and shopping (e.g., [7, 16, 22, 37]). 
Thus, we believe that mobile technologies designed to 
match the needs of low vision can be extremely valuable 
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and help bridge the current gap in low vision assistive 
technologies. 

Designs To Enhance Visual Information For Low Vision  
Participants relied heavily on visual information during the 
study, which presents design opportunities for UbiComp 
technologies to enhance visual information for low vision.  

One approach is to enhance visual information directly, for 
example, by increasing the contrast of an image or 
magnifying it. Several existing systems enhance the 
environment for low vision people [17, 33, 40, 48]. For 
example, ForeSee is a head mounted augmented reality 
system that provides traditional enhancement methods for 
low vision (e.g., magnification or edge extraction) [48]. 
Such smart glasses have great potential to help low vision 
people if head mounted displays become more socially 
acceptable. In our study we found that distant signs were a 
valuable source of information in unfamiliar environments. 
Thus, we suggest developing systems that use computer 
vision to identify and enhance signs when users are 
performing wayfinding tasks (e.g., using a phone’s camera). 
Importantly, solutions that enhance distant objects should 
examine how to direct user’s attention to these objects 
because low vision people may not be aware they even 
exist. In our study some participants did not see signs, 
which prevented them from using aids such as a camera or 
a monocular to magnify them. Participants also mentioned 
using satellite view and landmarks to help wayfinding. 
Thus, another way applications can better support 
wayfinding is by showing pictures of landmarks using street 
view images. This can help users recognize landmarks 
along their route.  

Another approach to improve the accessibility of visual 
information is to modify the presentation of information to 
make it easier to process visually by removing unnecessary 
details and only enhancing task relevant information. This 
can be achieved, by removing unnecessary text or icons and 
only presenting information that is important to the user’s 
current task. To aid product search in stores applications 
could provide images that contain only important visual 
features such as size, shape, and color. Our participants 
often used these features to narrow down their search. For 
example, such a system can represent aisles that contain 
drinks with an abstract icon of a bottle.  

Critically, mobile systems designed for low vision should 
take into account the variety of visual conditions and 
preferences of low vision users and allow for customization 
of visual enhancements (such as contrast [48]). 

In-Store Versus Outdoor Experiences 
When participants entered the store they felt overwhelmed 
and frustrated. Although some participants wanted to use 
their phones for assistance (e.g., by taking a picture and 
magnifying it), the majority of participants did not use any 
technology or low vision aids, highlighting the 
opportunities for mobile technologies in this space.  

Shopping is a very demanding task. Previous research has 
noted its difficulty, “shopping is an especially hands-busy, 
eyes-busy task” [29]. Searching for a product in a store is 
hard—shoppers are bombarded with enormous amounts of 
visual, auditory, tactile and even olfactory information. This 
demonstrates the importance of developing aids that are 
especially comfortable and not cumbersome during such an 
eye-hand busy task (e.g., do not require many gestures or 
taking out the phone); wearables may be especially suitable 
for such tasks. For example, a wearable camera would 
make it easier to take a photo of products on the shelf. 

The retail industry constructs stores so that shoppers spend 
as much time as possible in the store, since that translates 
directly to more sales [29]. This design of stores contradicts 
the goal of shoppers, leading to especially difficult 
situations for our low vision participants. For our 
participants finding a specific product in a store seemed 
almost impossible without help. To support low vision 
customers, stores can design better signs (for example, 
using large readable fonts or icons of products) put them in 
predictable locations, and equip the store with RFID tags. 
Accessible layout maps of aisles should include both visual 
and non-visual information and can be built by involving 
store employees or by crowdsourcing.  

LIMITATIONS   
Our shopping task is a central daily task but only one of 
many daily challenges that low vision people face. We 
could have asked people to search for a room in a building 
or commute to work. People may have different strategies 
in different environments (familiar versus unfamiliar ones). 
Future research should explore other daily activities and 
compare their findings with ours. 

CONCLUSION  
In this paper, we presented findings from a study designed 
to understand the challenges people with low vision face 
when performing a wayfinding and product purchase task 
and the types of tools they use on-the-go. Our study 
illustrated how extensively people with low vision use their 
vision and the lack of current assistive technologies to 
improve daily activities. Our work revealed a wealth of 
opportunities for future research and innovation for an 
important and ignored user group that can be addressed by 
the UbiComp community.  
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