
       
       

 
 

 
 

 
        

       
     

         
     

       
        

       
     

        
      

        
      
        

        
        

   
      

       
   

  
  

  

   
      

      
      

 
   

    
        

     
        

       
      

           
  

         
        
         

        
       

     
        

        
        
         

      
      

          
     

          
         

       
    

         
      

          
        

        
       

         
    
        

         
      

         
       

     
      

         
         

        
     

         
         

        
   

         
          

      
        

      

               
          

         
          

          
      
          

        
 

       
     

  
 

 

“It Looks Beautiful but Scary”: How Low Vision People 
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ABSTRACT 
Walking in environments with stairs and curbs is potentially 
dangerous for people with low vision. We sought to 
understand what challenges low vision people face and 
what strategies and tools they use when navigating such 
surface level changes. Using contextual inquiry, we 
interviewed and observed 14 low vision participants as they 
completed navigation tasks in two buildings and through 
two city blocks. The tasks involved walking in- and 
outdoors, across four staircases and two city blocks. We 
found that surface level changes were a source of 
uncertainty and even fear for all participants. Besides the 
white cane that many participants did not want to use, 
participants did not use technology in the study. 
Participants mostly used their vision, which was exhausting 
and sometimes deceptive. Our findings highlight the need 
for systems that support surface level changes and other 
depth-perception tasks; they should consider low vision 
people’s distinct experiences from blind people, their 
sensitivity to different lighting conditions, and leverage 
visual enhancements. 
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ACM Classification Keywords 
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INTRODUCTION 
According to the World Health Organization, an estimated 
217 million people are living with moderate to severe 
vision impairment causing low vision [1]. Low vision is a 
condition where one has a visual impairment that adversely 
affects daily activities and cannot be corrected with glasses 
or contact lenses [15]. Unlike blind people, however, 
people with low vision have functional vision, and prior 
work has shown that people with low vision use their vision 
extensively in daily activities [53,54,65]. 
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Mobility is critical but challenging for people who have low 
vision. One important aspect of mobility is navigating 
surface level changes, which include any change in the 
height of the ground or floor such as stairs, curbs, and 
potholes; they are abundant both in- and outdoors, in the 
built and natural environment. When walking from one 
place to another, people must detect surface level changes 
(or lack thereof) and assess their distance and depth to walk 
safely and effectively. This requires good depth perception, 
which can be difficult for people with various low vision 
conditions [32]. Failing to detect surface level changes can 
be extremely dangerous. Studies have shown that people 
with vision loss experience falls and injuries at much higher 
rates than their sighted counterparts [5,11]. 

While a lot of accessibility research has aimed to support 
mobility, little to no work addressed surface level changes 
in particular. The standard tools for perceiving surface level 
changes are the white cane and guide dog [38,64]. While 
many advocate for these tools and praise their effectiveness 
[58], such tools provide a limited amount of information: 
The cane is essentially a pinhole through which people can 
get tactile information about a surface up to a few feet 
ahead of them. Moreover, many people with low vision 
prefer not to use a cane. With the growing ubiquity of depth 
sensors, we have the opportunity to design novel tools that 
provide much more information about surface level 
changes, augmenting if not replacing traditional tools. 

To inspire technology design, we sought to understand the 
experience of people with low vision when navigating 
surface level changes. We conducted a study to explore 
what challenges low vision people face, what tools they 
use, and what strategies they employ to negotiate this 
important aspect of mobility. Prior work by Szpiro et al. 
[54] found that most low vision participants preferred using 
their vision over using a white cane during navigation, and 
lighting conditions affected their ability to notice obstacles, 
uneven pavement, and other people. However, this research 
lacks details on how low vision people perceive and deal 
with surface level changes. As such, another study is 
essential to set the foundation for designing systems to 
support their mobility. 

We conducted a contextual inquiry study with 14 people 
with low vision, observing them in a set of navigation tasks 
in- and outdoors. Since we focused on surface level 
changes, we chose tasks that included walking up and down 
four different sets of stairs (an emergency exit staircase, 
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mailto:Permissions@acm.org
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two indoor access staircases with distinct designs, and a set 
of outdoor steps), curbs, and two city blocks. Following the 
contextual inquiry method [7], we observed participants’ 
behaviors in each navigation task and asked them questions 
to understand what they perceived and thought. 

We found that navigating stairs and curbs were the most 
challenging mobility-related tasks for the low vision 
participants. Most relied on their vision to navigate surface 
level changes, but faced severe difficulties because of 
certain features in the environment design. With ineffective 
binocular vision, participants used different monocular cues 
to identify surface level changes, such as lighting and 
shading, color or texture changes, and occlusion cues. 
However, color or texture changes on flat surfaces 
generated illusions of depth changes that confused the 
participants. Moreover, while participants walked outdoors 
and crossed streets with relative ease, low obstacles and 
indoor glass walls were extremely challenging. Some 
participants used a white cane when navigating surface 
level changes, but all were uncomfortable and even afraid. 
No tools adequately addressed their needs in this task. 

In summary, we contribute the findings from a study that 
reveals the experiences of people with low vision in 
navigating surface level changes, a critical aspect of 
mobility, and discuss design considerations for designing 
navigation technologies for people with low vision. 

BACKGROUND: ACCESSIBILITY BUILDING CODES 
While people are generally familiar with legal requirements 
of access ramps for wheelchair users, much fewer people 
are aware of regulations that affect people with visual 
impairments. We provide an overview of accessibility 
regulations relating to surface level changes that may 
impact low vision people to better understand how our 
study findings relate to widespread standards. 

In the United States, building codes are regulated by many 
levels of government, from the federal and state 
governments to the municipality in which a building stands. 
Federal regulations are detailed in the Americans with 
Disabilities Act (ADA). According to the ADA, 
“Accessibility” refers to the accommodation of physically 
challenged people in structures [2]. This includes ground 
surfaces and stairways. The ADA standards for stairways 
only apply to stairs that are a part of a “means of egress,” a 
continuous unobstructed path to enter or leave a building. 
The ADA specifies that all such stairs on a flight of steps 
shall have uniform riser heights (the vertical height of the 
step, Figure 1) and uniform tread depths (the horizontal area 
where the foot is placed). Open risers are not permitted. 
Figure 1 illustrates the stair components. 

The ADA advises, but does not require, providing visual 
contrast on the tread nosing (the leading edge of the stair 
tread), to make the stairs more visible to people with low 
vision. However, there is no information indicating what 
kind of contrast is beneficial. 

Figure 1. Stair structure and the basic components. 

Below the federal level, most jurisdictions in the US have 
adopted the International Building Codes (IBC) [29] for 
non-residential buildings. The IBC includes codes on 
handrails in staircases, stating that at the top of the stair 
flight, handrails shall extend horizontally above the landing 
for at least 12 inches from directly above the top riser. At 
the bottom of a stair flight, handrails shall extend at the 
slope of the stair flight for a horizontal distance at least 
equal to one tread depth beyond the bottom riser. 

The regulations are limited, most focus on people who use 
wheelchairs and largely neglect low vision people’s needs. 
Importantly, the ADA regulations only apply to egress 
stairs, and other staircases are not regulated. 

RELATED WORK 

Mobility and Blind People 
Researches have studied the experiences of blind people 
during navigation [24,25,63,64]. Williams et al. [64] 
conducted a phone interview to ask 30 visually impaired 
participants about their challenges and use of aids during 
navigation. They found that blind navigators used their cane 
or guide dog as the main navigation aid, and varied in the 
way of using smartphone navigation technology. In another 
study that used focus groups and journal entries, Williams 
et al. [63] asked blind participants about their social 
interactions with sighted people during navigation, finding 
that navigation-specific language and reasoning differed 
greatly between sighted and visually impaired people. 

Researchers have designed a wide variety of navigation 
systems for blind people in recent years. Many systems 
focused on way-finding for indoors (e.g., [34,45,67]) or 
outdoors (e.g., [4,10,13,25,36,39]). Meanwhile, some 
systems aim to assist visually impaired people with obstacle 
avoidance (e.g., [1,19,35,57]). By recognizing obstacles via 
sensors such as cameras and range finders, these systems 
provided audio [3,41,50] or tactile feedback [1,12,40,51,56] 
to notify blind users of the existence and distance of 
obstacles. Some researchers even augmented the white cane 
with sensors to detect obstacles that were beyond the cane’s 
reach [42,52,60]. However, no obstacle avoidance systems 
have been widely adopted—the traditional white cane and 
guide dog are still the main mobility aids for blind people 
[38,64]. 



        
        

 

     
      

     
        

      
     
      

      
    

      
         

       
    

       
        
        

     
         

        
    

       
       

        
 

          
       

      
     

        
    

     
          

      

      
       

     
      

        
         

       
     

     
  

      
        
           

   
        

     
      

         

          
     

        
    

       
     

     
       

         
         

         
   

      
     

       
       
       

       
       

    

    
 

         
         

          
      

         
       
      

      
        

         
     

           
       

        
         

   

          
         

        
      

 

 
         

          
        

         
          

          

                                                             
            

            
       

These systems focused on people without vision, providing 
no-visual feedback, which may not suit the unique needs of 
low vision people who have functional vision.  

Mobility and Low Vision People 
Recently, researchers have studied the unique experiences 
of people with low vision in different daily activities, 
including their use of computing devices [53] and vision 
enhancement technology [68], and shopping and 
wayfinding [54]. Some have also designed assistive 
technology to facilitate certain tasks (e.g., reading [65], 
visual search [37,66]). Below we describe low vision 
research related to mobility, the general topic of our work. 

Studies on Mobility and Low Vision 
Several studies have shown that reductions in visual acuity, 
visual field, contrast sensitivity, or depth perception 
impeded independent navigation and mobility 
[6,9,16,43,46,62]. For example, a study by Leat and Lovie-
Kitchin [32] showed that visual field loss greatly impacted 
walking speed while reduced visual acuity and contrast 
sensitivity had a bigger impact on distance and depth 
detection. West et al. [62] found that people with low acuity 
and low contrast sensitivity reported being slower walking 
up and down stairs and walking short distances. With these 
mobility challenges, it is no surprise that multiple studies 
found that low vision people have a greater risk of mobility-
related accidents such as falls than sighted people 
[11,17,18,22,26,27,55]. 

Among mobility tasks, stair detection is one of the most 
dangerous challenges low vision people face [5]. Failing to 
detect descending stairs was more dangerous and had a 
higher correlation with falls than failing to see obstacles or 
ascending stairs [33]. Bibby et al. [8] surveyed 30 low 
vision participants about their performance in mobility 
tasks. They found that participants gave higher difficulty 
scores to tasks that involved surface level changes, such as 
walking on curbs and descending stairs. 

In the human-computer interaction literature, however, 
there has been little work on understanding low vision 
people’s navigation experiences and needs. Szpiro et al.’s 
research [54], which used contextual inquiry to observe low 
vision people’s behaviors as they navigated to find a nearby 
pharmacy, is the only work in this area to our knowledge. 
They found that low vision people struggled but heavily 
relied on their vision during navigation. Participants used 
GPS-based applications on smartphones for wayfinding and 
orientation, but had difficulty interacting with their devices. 
Szpiro’s work mainly focused on wayfinding. It did not 
address the equally important but more low-level aspects of 
mobility such as the perception of surface level changes. 

Low Vision Technology for Mobility 
A majority of the specialized devices for low vision are 
optical devices. Bioptics, monoculars, telescopes and 
binoculars are used for spotting signs and obstacles in the 
distance [59]. Prisms can be ground into glasses or added 

temporarily on to glasses to help manipulate the field of 
view. These specialized devices often stigmatize users in 
social settings [49], and many avoid using them or abandon 
them altogether [20]. 

Some researchers have designed navigation systems for low 
vision [21,28,47]. For example, Everingham et al. [21] 
designed a neural-network classification algorithm for a 
head-mounted device that segmented scenes rendered in 
front of users’ eyes and recolored objects to make obstacles 
more visible. Hicks et al. [28] built a real-time head-
mounted LED display with a depth camera to aid 
navigation by detecting the distance to nearby objects and 
changing the brightness of objects to indicate their 
distances. However, these systems applied “signal to 
signal” image processing technology to users’ vision, 
without considering the various visual abilities and needs 
that low vision users may have. A deeper investigation of 
how low vision people navigate the environment is needed, 
to understand their perception and needs, to inspire 
effective and socially acceptable navigation systems. 

Cues for Depth Perception 
Navigating surface level changes involves depth perception. 
Sighted people use both monocular and binocular cues to 
perceive depth [14]. Monocular cues include but are not 
limited to: the relative size cue [30], the occlusion cue (the 
partial occlusion of one object behind another), and the 
lighting and shading cue (the way light falls on the 
environment and reflects off its surfaces that create 
shadows and highlights) [61]. Meanwhile, binocular cues 
include Convergence and Stereopsis. Convergence refers to 
that the movement of the extraocular muscles that enables 
the eyes to look at the same point in space creating a 
kinesthetic sensation of depth perception [44]. Stereopsis is 
the ability to use two images of the same scene from 
slightly different angles to judge depth [14]. Decrease in 
visual acuity and the disparity of vision between the two 
eyes in people with low vision impacts their ability to use 
binocular depth cues [14,31]. 

To our knowledge, no prior work explored the visual cues 
that low vision people use to perceive depth. Our study 
shed light on their depth perception by understanding their 
experiences with surface level changes. 

METHOD 

Participants 
We recruited 14 participants with low vision (7 female, 7 
male), whose ages ranged from 28 to 70 (mean=43.3). All 
but one (Tami) reported that they were legally blind, 
meaning that either (1) their best-corrected visual acuity in 
their better eye was 20/200 or worse, or (2) their visual field 
was 20 degrees or narrower1. No participants had been to 

1According to the New York State Commission for the blind, one is permitted to 
apply for legal blindness when her visual acuity is better than 20/200 if (1) the visual 
condition is progressive, and (2) she needs aid to continue working. 



Pseudo-  Age/  Diagnosis  Visual    Visual Field (test)   Color Vision  Mobility Aids  
 nym  Sex  Acuity 
 Luke 70/M    Glaucoma in right eye;  20/200       Full in right eye; no vision
  Good       Use a cane at night and in  

   Total vision loss in left   in left eye 
  unfamiliar places  
 eye from trauma  

 Maria  61/F   Retinopathy of  20/400 Full 
  Good    New and seldom cane use  
 prematurity 

 Uma  57/F  Posterior Uveitis   20/200  Constriction
 Deteriorating    No mobility aids  
Kacee   29/F  Albinism  20/200 Full 
  Good      Use a cane at unfamiliar 

 places 
 Matt 54/M     Flecked retina syndrome; 20/200 left;  Full 
  Good   No mobility aids  

 central scotoma   20/400 right 
 Sophia  33/F  Stargardts 20/100-     Full in right eye;
 Deteriorating    No mobility aids  

 20/200    constriction left eye
 
 Kaila  28/F  Macular Degeneration  20/800 left;   Construction
 Deteriorating   Cane 

 20/600 right 
 Andy 48/M   Achromatopsia  20/400 Full 
   Color blind   No mobility aids  
 Jason 55/M    Cone rod dystrophy   20/200    Full with nystagmus
  Good  New cane user  
 Harry 56/M    Cone dystrophy  20/200    Full in right eye; 
   Color blind     Use a cane only for 

   constriction in left eye 
  traveling outdoor  
 Polly  65/F   Retinopathy of  20/400  Constriction
 Deteriorating     Use a cane for only  

 prematurity; Glaucoma   unfamiliar places  
 Eddy 35/M   Albinism 20/100 left;  Full 
  Good   An identity cane  

 20/200 right 
 Tami  64/F   Cone dystrophy   Better than     Full in right eye;
     Color is no longer    New cane user; only use 

 20/200    constriction in left eye 
 bright      at night when alone 

 Jacob 47/M   Stargardts  20/200 Full 
 Deteriorating     Seldom cane user 

           Table 1. Demographic information of the 14 low vision participants. Except for the visual field that was tested in the study, all the 
    other information was self-reported.  

       
        

      
      

      
        
   

 
        

      
      

     
    

        
        

         
      

    
          

        
          

    
      

           
      

           
    

         
      

           
     

          
      

          
    

    
       

     
       
       

         
       

        
         
          
         

      

 
        
         
           

    
         
         

        
        
       

       
        

our study environment before this study. We recruited 
participants via Facebook groups and email lists that 
discuss vision-related issues. When a potential participant 
contacted the research team, we conducted a brief phone 
screen where we asked about visual condition and 
technology use to ensure the participant was indeed low 
vision (not sighted or blind). 

Procedure 
The study consisted of a single session that lasted 1 to 2 
hours. The session included a structured interview and an 
observation of participants performing a set of navigation 
tasks. During the interview, we asked participants about 
demographics, their visual condition, and their experience 
with technology. A licensed optometrist, one of the 
researchers on the team, conducted a confrontation visual 
field test to determine whether participants had visual field 
loss that could substantially hinder their mobility. Table 1 
shows participants demographics, self-reported information 
about visual ability, and the results of the visual field test. 

The navigation tasks were conducted at different locations 
across two buildings (we refer to them as building B and 
building T) on our university campus and two city blocks. 
Below are the tasks in the order they were performed: 

•	 Tasks 1-2: Walk up and down one floor on an indoor 
decorative curved staircase in building B (Figure 2A). 

•	 Tasks 3: Walk from the curved stairs to an emergency 
exit staircase in building B. 

•	 Tasks 4-5: Walk down and up one floor on the 
emergency exit staircase in building B (Figure 2B-2C). 

•	 Task 6: After exiting building B, locate the entrance to 
Building T and walk there. 

•	 Task 7-8: Walk up and down one floor on an indoor 
decorative wooden staircase in building T (Figure 2D). 

•	 Task 9: After leaving Building T, walk down a set of 
two steps in an outdoor plaza (Figure 2E). 

•	 Task 10: Cross a street. 
•	 Task 11: Walk two blocks down a city street. 

During each task, We followed the master-apprentice 
relationship model of contextual inquiry [7]. We observed 
participants’ behaviors during the task and asked them to 
“think aloud.” After the task was completed, we asked 
about their experience, including their challenges and 
reasons for their behaviors. For tasks involving stairs, we 
also asked how their experience compared to other stair 
tasks in the study. For longer tasks (Tasks 6 and 11), we 
asked participants to stop and conversed briefly if we 
observed something interesting. 

Environment 
The buildings used in the study were completed in 2017, 
built in a modern architectural style with large windows and 
glass walls. We introduce the environment for all the tasks. 

The stairs participants navigated included: (a) Decorative 
curved stairs (Figure 2A, Tasks 1-2): gray treads with white 
contrast strips; dark blue riser; beside a large window. (b) 
Emergency exit stairs (Figure 2B-2C, Tasks 4-5): tan treads 
with dark gray contrast stripes; dark gray risers; having two 
steps on the landing where the stairs turn (Figure 2B); no 
window. (c) Decorative wooden stairs (Figure 2D, Tasks 7-
8): stair riser and tread in wooden texture; thin metal 



     
          

      

     
      

         
      

        
        

        
       

 
         

        
     

      
        

      
       

      
         
        
     

        
      

        
          

      

 

     
     

         
         

       
          
         

   

       
        

      
        

        

       
       

        
         

           
        

  
     

     
   

       
     

     
       

     
       

        
       

   

       
       

       
         
        

           
         

   

       
         

       
      

       
         

        
         

      
       

      

        
       

     
    

 
                       

                    
Figure 2. Stairs in the study: A. indoor decorative curved stairs; B. Emergency exit stairs part I: two steps at the landing; C.
 

Emergency exit stairs part II: two sets of stairs with a landing; D. indoor decorative wooden stairs; E. outdoor stairs.
 

stripes; facing a large window. (d) Outdoor stairs (Figure 
2E, Task 9): white steps with three engraved stripes at the 
edge of the tread; no handrail. 

Other navigation environments included: (a) Indoor 
navigation (Task 3): passing by tables, chairs, a small piece 
of exercise equipment as a low obstacle (Figure 7A), and 
some glass walls (Figure 7B). (b) Navigation between 
buildings (Task 6): flat ground with color and texture 
changes. (c) The two city blocks (Tasks 10-11): including 
curbs, curb cuts, various sidewalks with different texture, as 
well as pot holes and sewer drains. 

Analysis 
For each study session, one researcher interacted with the 
participant while another recorded the participant with a 
handheld video camera. We sent the video recordings to a 
professional transcription service that transcribed the audio. 
The researchers reviewed the video recordings to identify 
participants’ behaviors and the aspects of the environment 
they referred to during the study. 

Two researchers analyzed the transcripts using qualitative 
coding methods based on grounded theory, as described by 
Glaser and Strauss [23], Saldana [48]. The two researchers 
coded two sample transcripts independently, and compared 
and discussed the codes together. A codebook was created 
based on the agreement of the two researchers. The codes 
were then categorized into themes using affinity diagrams 
and axial coding. One researcher coded the rest of the 
transcripts based on the agreed codes and categories. 

FINDINGS 

Reactions to Surface Level Changes 
Navigating surface level changes, especially curbs and 
stairs, was a major challenge for all participants. They told 
us of times they fell and injured themselves when walking 
on curbs or stairs. Tami described her experience with 
curbs: “I had a lot of injuries because I fell down. I’ve 
always been a very, very, fast walker, but now I’ve fallen 
off curbs.” 

These experiences lead participants to feel uncomfortable, 
frustrated, and embarrassed when walking on stairs and 
curbs. Some expressed their fear. Maria explained that 
walking down stairs “deserves [her] full attention because 
of [her] fear of falling down. Even though [she] can see all 

the steps, it doesn’t matter. It’s just the fear of it.” Other 
participants (e.g., Andy, Eddy) were embarrassed of falling 
in public since it would affect how others perceived them. 
As Andy explained, “I did fall down a pair of steps recently 
at a restaurant. I didn’t injure my self but it was enough to 
be embarrassing. I’m very careful in social situations.” 

Technologies Used 
All participants except for Jason had a smartphone and used 
different applications on their computers (e.g., ZoomText) 
and smartphones (e.g., SeeingAI, BlindSquare). 

Although participants used these high-tech tools in their 
daily lives, none used digital devices or applications 
throughout the study. Nine participants used smartphone 
map applications (Google Maps or Apple Maps) for 
wayfinding and orientation outdoors. However, participants 
emphasized the need for tools that would help them detect 
surface level changes or obstacles. Matt explained that one 
of his major needs was not addressed by the technology 
available to him today: 

“I used Google maps, but I haven’t found it very useful. My 
problem is that, because of my central scotoma getting 
worse, I don’t always see what’s directly in front of me. 
Coming downstairs is very important because I tend to 
miscount the stairs. [The map application] is telling me 
walk this way, turn this way. It’s more annoying than useful 
since it’s easier to figure out where I am [than to detect 
stairs]” (Matt, 54). 

In our study, the only tool used for navigating surface level 
changes was a cane. One participant (Kacee) told us she 
sometimes used a flashlight at night while walking, which 
could potentially help with surface level changes. Three 
participants used a cane frequently, six had a cane but only 
used it at night or in new or challenging places, one had an 
identity cane (i.e., a slim white cane intended not for 
walking assistance but rather to let others know its carriers 
are visually impaired). The other four participants did not 
have a cane. Only four participants (Luke, Kacee, Kaila, 
Jason) used their cane in our study. 

Some participants felt more confident when using the cane 
since it helped them detect surface unevenness and 
obstacles. Kacee explained that the cane reduced cognitive 
load and freed her to attend to a conversation: 



          
            

       
       

        

           
        

       
        
            

       
         

       
       

    
     

          
      

         
      

     

            
        

         
        

      
        

       

    
         

      
         

          
      

        
    

         
          
       
       

     

     
           

         
      
         

     
     

       
      

      
            

             

          
       

        
         

        

    
        

        
       

       
       

        
        

        
      
        

            
  

        
     

      
          

        
     

     
         

       
            

        
          

           

  
      

         
        

        
        

     

       
     

    
       

         
          

    
        

         
    

         
      
     

       
        

          

“I don’t want to spend my whole life looking down. I just 
feel like I can walk more confidently if I hold my cane in the 
front. I feel like a more professional person. I can actually 
carry on a conversation with somebody, not worry so much 
about where I’m going” (Kacee, 29). 

Participants all commented on the fact that a cane was a 
powerful social signal that they have a disability. Some 
participants found this helpful (people wouldn’t cut in front 
of them) while others did not want to attract extra attention 
to themselves. Eddy explained that, “We try to fit in so hard 
that we are almost embarrassed to walk around with [the 
cane].” Instead of a cane, he wanted technology that was 
less intrusive, “I’m so bent on devices that are low profile, 
that looks like something else. I’m trying not to be noticed.” 

Experiences with Different Staircases 
Participants’ experiences varied significantly across the 
different sets of stairs. In general, most found the curved 
and wooden staircases to be more challenging than the 
emergency exit stairs. While the former two staircases look 
beautiful, six participants were dismayed that aesthetics 
were prioritized far beyond accessibility. 

“It looks so nice, and most people like myself [who are low 
vision], I mean, I care about aesthetics. However, the stairs 
are not the friendliest ever. These stairs are a perfect 
example. They’re just not fully friendly for the in between 
person. A blind person it doesn’t matter because they’re 
holding onto the rail, but, someone like me, that depends on 
my sight a lot, I don’t like these stairs” (Eddy, 35). 

Curved Staircase (Tasks 1-2) 
Several design elements in these stairs made them more 
accessible than the other staircases. The contrast stripes 
were visible, and the risers and treads were painted in 
different colors, which made it easier to detect the stair 
edge when walking upstairs. However, the curviness and 
the width of the treads (nonstandard design elements) 
caused feelings of uncertainty. 

The major challenge of the curved staircase was that, at the 
bottom of the stairs, there was an extra contrast stripe on the 
landing that generated the illusion of another step (Figure 
3B). We explain participants’ experience and why the extra 
stripe fooled them easily in the “Contrast Stripe” Section. 

Emergency Exit Stairs (Tasks 4-5) 
Most participants (9 out of 14) felt that the emergency exit 
stairs were the easiest to navigate since they were simple 
without any visual distractions. Participants who were 
sensitive to light felt more comfortable with the lighting 
conditions since there are no windows. Sunlight from 
windows can be distracting. 

However, some participants also had difficulty navigating 
these stairs. Five participants felt the lighting was 
insufficient, which reduced the visibility of the contrast 
stripes, making it hard to detect the stair edges. They had to 
feel for the edge of a stair with their feet. Jason did not use 

his cane at the curved stairs but decided to use it at these 
stairs. Moreover, three participants were confused with the 
structural design, which included two steps at the landing 
that connects two flights of stairs (Figure 2B). They did not 
expect these stairs easily and felt they could have fallen. 

Wooden Staircase (Tasks 7-8) 
Twelve participants agreed that the wooden stairs were the 
most challenging in the study. The riser and tread of the 
stairs had the same wooden texture, and the contrast stripes 
were thin metal strips. This gave participants the impression 
that “everything [was] all the same” (Polly). Moreover, the 
varying color of the wood (Figure 2D) generated the 
illusion of edges in the riser and tread. As a result, 
participants were much more cautious when walking on the 
wooden stairs. Kacee and Eddy only held the railing when 
walking on these staircases and Jacob had to lightly kick 
each step with his foot to detect the edge of each stair when 
walking up. 

Moreover, as the wooden stairs faced a large window, the 
visibility of the stairs depended on the lighting conditions 
outside and whether participants were facing the light: the 
tread and riser were hard to distinguish when there were no 
shadows cast on the riser, and the metal strips were only 
visible when reflecting bright light. 

Outdoor Decorative Stairs (Task 9) 
The outdoor stairs were the hardest for participants to 
detect. Except for Uma, none of the participants detected 
the stairs from over a foot away. Harry stopped at the top 
stair and looked down, “I couldn’t tell [there were stairs] 
until here. This really threw me off. I would have bet you a 
million dollars that there was no steps here but there are.” 

Contrast Stripes 
While contrast stripes are “advised” by ADA guidelines, 
there is no explanation of how they should be designed. In 
our study, we found that only the stripes on the curved 
stairs were helpful because they were wide and had high 
color contrast. The stripes on the other stairs were generally 
challenging for most participants. 

Stripe Contrast. The contrast of a stripe is vital for its 
detection and usefulness. For some participants (Harry, 
Andy), luminance contrast that generated a difference in 
brightness was more effective than color contrast. While 
not seeing the stripes on all other stairs, Harry who was 
colorblind was able to see the reflection from the metal 
stripes on the wooden stairs. Andy suggested using 
illuminated stripes: “The movie theatres have the little light 
stripes on the stairs, that’s one of the situations where the 
contrast is good.” 

Stripe Placement. Participants used the stripes to locate the 
step edge. However, both the stripes on the curved staircase 
and the wooden staircase were positioned several inches 
away from the edge (Figure 3A), which misled the 
participants. Moreover, some participants felt that having a 
stripe on each step distracted them and brought them more 



       
  

 
         

       
         

         
       

     
      

      
        

       
       

             
  

 
    

 

      
      

   
      

    
  

              
          

    
          

            
       
        

    
      

       
          

         
   

        
         

      
    

       
       
         

        
         

        
         

        

    
     

    
       

        
       

     
           

       
          

  
        

       
           

           
          
         

         
 

    
        

   
         

    

      
       

         
       

         
          

      
         

       
     

 

           
          

Figure 4. Shadows: A. shadow of the riser cast on stair 
tread; B. shadow of the railing generating illusion of steps. 

      
     

         

 
          

          

trouble with depth perception. Jason and Tami preferred 
having stripes only on the first and last steps. 

Figure 3. Contrast stripes: A. the metal stripes on the 
wooden stairs; B. extra contrast stripe at the curved stairs. 

Extra Stripes. Both the curved stairs and the wooden stairs 
had an extra contrast stripe on the landing (Figure 3B). All 
participants slowed down to look carefully, and some even 
used their feet or cane to test if it was a step. Maria, Andy, 
and Harry thought it was a real stair and tripped a little bit. 

With reduced binocular depth perception, participants relied 
on monocular cues, such as color changes, to deduce depth 
changes. Thus, when they learnt that contrast stripes 
marked each step, they associated each stripe with a step, 
including the extra stripe, which made them trip. “When 
coming down the stairs, I’d have told myself that each 
stripe is a step. In my brain I see the stripe, I’m going to 
treat all these stripes as a step down” (Eddy). 

Information Sought 
Participants sought certain information when navigating 
stairs. 

Stair Existence. Detecting stairs from several feet away 
was challenging for participants, especially when 
approaching downstairs. Even when standing right in front 
of a staircase, many participants perceived it as a flat 
surface. Polly described her visual experience when looking 
at the wooden staircases: 

“I can see a little bit, but I wouldn’t think of this as steps. 
Have you ever been in places where they have these 
accordion floors, like when you pass through a tunnel 
inside of a building? It’s like a pedway, and the floor of the 
pedway has these lines [metal stripes] on it. I felt like it was 
a trick played on my brain. To me this could be a floor, a 
wooden floor with these lines in it” (Polly, 65). 

Stair Overview. All participants, except for Maria and 
Sophia, carefully looked around to perceive the structure of 
the environment before walking on stairs. They wanted to 
know whether the stairs were going up or down, the number 
of stairs, and whether there was a landing or a turn. 
However, this was challenging and not always possible. 

First and Last Stair. All participants felt that locating the 
first and last stairs were the most important but challenging 
tasks. By knowing where the first stair was, participants 
built a mental model about the stair dimensions and 
extrapolated this knowledge to the rest of the stairs. As 
Jacob mentioned, “The regular steps are always the same. 
Once I’ve taken the first step, I’ve secured myself how 

these steps are. My brain already knows what to do, and 
I’m OK with the rest of the stairs.” 

Stair Height. Knowing about the height of a stair was 
important for safety. In our study, ten participants estimated 
the step height by using their vision or their cane. 

Behaviors on the Stairs 
We describe participants’ behaviors when navigating stairs. 

Slowing down or stopping 
Afraid of falling, participants were cautious when walking 
on stairs. We observed that all participants slowed down or 
even stopped at some point to carefully perceive the stairs 
during navigation. Mostly, they slowed down before the 
start and end of the stairs to look for the first and last step. 
Three participants (Luke, Maria, and Kaila) stepped on each 
stair at a time with both feet at challenging staircases. 

Looking for clues 
Participants used distinct clues in the environment to 
understand how the staircase was structured: where it 
began, whether it went up or down, and where it ended. 

Riser. Stair risers, which often have a different color than a 
stair tread, were a useful visual cue for all participants. 
They are only visible when walking upstairs though. The 
wooden staircase was so difficult to navigate partly because 
the riser and tread were the same color. 

Railing. Interestingly, participants used the railing as a 
visual cue as well as a tactile cue. The bends at the 
beginning and the end indicated the beginning and the end 
of the stairs, while the slope indicated the direction of the 
stairs (up or down). 

Shadows. Since many of the participants had difficulty 
distinguishing colors, luminance contrast was the main clue 
they relied on as opposed to color contrast. Shadows, which 
have high luminance contrast, were thus an effective visual 
cue. Participants identified stairs by seeing the shadows on 
the risers and treads of the stairs (Figure 4A). However, 
sometimes shadows caused the illusions of stairs. The 
shadows of the railings cast on the landing at the industrial 
stairs formed several darker lines in parallel (Figure 4B). As 
Kacee said, “This is really freaky.” 

People. Besides the physical environment, four participants 
observed other people to understand surface level changes. 
As Uma said, “I know [it’s downstairs] because people are 



       
             

 
         
         
         
        

         
        

 

  
        

        
          

      
    

 
      

       

       
       

         
          

        
          

         
           

     

        
       

           
        

       
    

         
          

    
          

     
       

         
     

       
      

           
        

         
         

        
      

        
           

      
     

  
       

         
     
        

        
          

          
    

     
  

         
           

  

           
      

           
         

         
       

           
         

       

    

     
        
       

           
         
  

        
       

         
         

       
         
          

        
  

 
      

      
      

 
           

 

going down. I watch the people, and I watch their feet. I see 
what they are doing, and that’s what I have to do as well.” 

Looking down 
Five participants always looked down at their feet or the 
next step even when going upstairs. “I typically look down. 
Just making sure that I’m not overstepping, just makes me 
pace myself” (Sophia). Six participants felt confident and 
looked ahead when going upstairs, but they looked down 
much more when going downstairs. Matt and Jacob only 
looked down when they approached the first or last stairs. 

Counting Stairs 
Six participants mentioned that they sometimes counted and 
memorized the number of stairs, especially in places that 
they would travel often. Kaila also used the number of steps 
to identify a specific set of stairs, double-checking whether 
she’s on the right path. 

Tactile Feedback 
Besides visual information, participants used their hands, 
feet, and cane to get tactile feedback from the stairs. 

Railing. Twelve participants held the railing for balance 
and safety even though they could see the stairs. Some 
participants also felt the shape of the railing to understand 
the stairs. By feeling the turn and the slope of the railing, 
they could understand where the stairs start and end, as well 
as the direction of the staircase. As Polly said, “I put my 
hand a little bit ahead I can feel it going down, and I know 
to step down. I know the minute there’s a turn on the 
banister, the first step is coming.” 

However, the railing was not always reliable and poor 
design could pose challenges. For example, the turn of the 
railings at the wooden stairs did not match the positions of 
the top and bottom steps. It bended both before the stair 
starts and after the stair ends. This confused the participants 
and made them think that there were extra steps. 

Feeling with Feet. We found that all participants used their 
feet to feel the surface when they were uncertain about the 
depth change. They kicked the step when walking up or 
drag their feet over the step edge when walking down. “I’m 
dragging my feet along on purpose. My feet are giving me 
information [about the steps]. That’s why I love flexible 
shoes” (Eddy). Mostly participants only used their feet to 
locate the first and last step rather than each step. 

Feeling with a Cane. Four participants used their cane 
during our study. Interestingly, when walking downstairs, 
the cane was only used for detecting the end of the stairs. 
Participants angled the cane one step ahead of their body, 
so that the cane would not hit the ground until they arrived 
at the landing. When the cane tapped the floor, it indicated 
that the stairs came to an end. Besides detecting the stair 
position, some participants (e.g., Jason) used the cane to 
gauge the step height. They tapped the stair riser by holding 
the cane vertically with the cane tip on the floor and 

estimated the stair height by feeling the touch point 
between the stair edge and the cane. 

Multiple Senses 
While being able to perceive information with their vision, 
participants wanted to use other senses to feel more secure 
and reduce cognitive load. Maria described how she studied 
the first step with both visual and tactile feedback, “I’m 
using the visual means, but I’m using more than vision. I’m 
using the kinesthetic sense of the depth of the step. I also 
use tactile cues like this, the railing curve here.” Using only 
their vision, some felt, was exhausting. 

While using multiple senses, we found that most 
participants relied on and preferred using their vision during 
navigation, only using other senses as backup. As Matt said, 
“The tactile and the audio is to supplement the visual but 
the visual is still being used.” 

The four participants who used the cane in our study also 
used their vision a lot and wanted to use their vision often. 
“I’m always gonna [look at the stairs], because it’s a visual 
thing. And even though I have the cane, I’m still trying to 
see as well as use the cane” (Jason). Luke switched between 
using vision and the cane at different stairs during the 
study. He felt that the cane and the vision were equally 
important for him. Before walking on stairs, he scanned the 
environment to decide which sense he would rely on. 

Other Surface Level Changes 

Walking on Curbs (Task 10) 
Curbs were more challenging than stairs because they were 
harder to detect and did not have railings. “[When walking 
on stairs], if I fall, I have railings that I can hold on to. But a 
curb is hard. That’s one of the things that I’m really scared 
about” (Uma). 

Participants used different strategies to detect curbs. Harry, 
Eddy, and Jacob used occlusion cues to detect the curb: 
they looked at the car wheel by the curb, and decided 
there’s a curb because the lower part of the wheel was 
blocked. Harry looked for shadows to deduce a curb, such 
as the shadow of the curb cast on the street, and the shadow 
of a tree branch that bends over the curb. However, he 
explained that too many shadows might be more distracting 
than helpful. 

Figure 5. A. Curb highlight; B. a curb cut with tactile 
domes. 

Participants’ opinions differed about the painted highlights 
on the curbs that marked parking areas (Figure 5A). Five 
participants thought these were helpful for indicating the 



      
         

      
     

     
        

         
        

          
          

       
        

      
       

        
        

       
      

       
        

      

          
         

         
         

     

    
        

   
      

          
      

     

 

         
            

          
        

       
      

       
        

        
    

 
        

       
           

   
         

   
  

   
          
     

      
        

     

  
       

      
      

   
        
        

      
      

      
      

          
       

         
       

        
       

      
    

      
     

       
        

        
        

     
       

       
         
       

 
        

      

 
        

       

location of the curbs. However, three participants 
interpreted these to mean that there was a sloped surface 
and not a curb. Regardless of interpretations, the highlights, 
especially the yellow ones, were visible cues. 

Crossing the street (Task 10) 
All participants preferred walking on a curb cut as opposed 
to stepping over the curb to cross the street. They used 
different methods to locate the curb cuts. Ten participants 
looked for the crosswalk lines, which guided the location of 
the curb cut (Figure 5B). Some curb cuts had tactile domes 
that were darker in color. With this contrast, participants 
could even locate the curb cuts at a distance. 

Walking outside (Task 6, Task 11) 
Participants were careful walking outside, looking for small 
surface level changes, such as cracks, holes, or unevenness. 
They paid attention to all clues that might indicate surface 
unevenness, such as color or texture changes. During the 
study, we observed that most participants hesitated when 
they encountered a grouting line between two pieces of 
cements (Figure 6A) or other color or texture changes 
(Figure 6B). Such areas gave an illusion of a depth change: 

“[The texture] change gives me an indication that there’s a 
change in surface. I’m alert. I want to make sure there’s not 
a crack or a hole. Any time there’s a change in the surface, 
I want to check and be familiar with what I’m going 
through, I guess just to be safe” (Luke, 70). 

Figure 6. A. Grouting line between two ground pieces; B. 
the texture changes on the ground. 

Obstacles (Task 3, 11) 
Participants were able to see most obstacles during the 
navigation, including tables, chairs, fire hydrants, poles, 
cones, and trashcans. Most participants centered themselves 
in the hallway and the sidewalk since the obstacles were 
usually off to one side. Some participants (e.g., Uma, Matt) 
also observed people walking ahead to avoid obstacles. 

Figure 7. A. Low obstacle: a small piece of exercise 
equipment on the carpet. B. glass walls. 

However,  low  obstacles  were  still  challenging.  In  the  study,  
participants  walked  passed  a small  piece  of  exercise  

equipment on their way to one of the staircases (Figure 7A). 
Most participants saw it when they were less than a few feet 
away. Some even used their feet or cane to touch it to verify 
it was an object and not an image on the ground. 

Finally, the transparent glass walls (Figure 7B), which 
functioned as large obstacles, irritated all participants. 
Because of the transparency and the reflections in the glass, 
participants lost their sense of space. Some participants 
identified the glass wall by closely looking at the edges of 
the wall or at decorations on the glass. 

DISCUSSION 
The study revealed that navigating surface level changes, 
especially walking downstairs, was a source of stress and 
fear for people with low vision, in spite of the fact that the 
buildings were new and complied with accessibility 
regulations. The ADA aimed to improve the accessibility of 
the built environment, “[prohibiting] discrimination against 
people with disabilities in public life.” Yet it fails to support 
people with low vision in such basic navigation tasks. 
Meanwhile, a set of tools, ranging from the cane to 
smartphone applications, were designed to support different 
aspects of mobility. However, while most participants were 
aware of such tools, they found them inadequate or 
undesirable for navigating surface level changes. 

Design Considerations 
As technology becomes pervasive in our environment, 
designers have an opportunity to support navigating surface 
level changes with artifacts that range from smartglasses, 
handheld devices, to technologies embedded in the 
environment. Based on our findings, we discuss design 
considerations for future navigation systems for low vision. 

Information Needs. Participants used multiple senses and 
different strategies to collect information from the 
environment when navigating surface level changes. They 
sought four key kinds of information: (1) existence: 
whether there is a surface level change ahead and how far 
away it is; (2) overview: how the surface changes, including 
the change direction (up or down), and the number of stairs, 
if applicable; (3) position: the exact position of the surface 
level change, such as the curb edge and the first and last 
stair; (4) depth: how deep the surface level change is, such 
as the curb height. Future technologies should focus on 
providing or enhancing this information. 

Visual Highlights. Visual highlights were the main cues 
participants used to identify surface level changes, such as 
the contrast stripes and curb parking highlights. Unlike 
tactile feedback from a cane or one’s feet, visual highlights 
enabled low vision people to detect the exact position of 
surface level changes at a distance. For example, many 
participants identified a curb cut using the contrasting color 
of the tactile domes. In addition to color contrast, 
luminance contrast was also effective as participants used 
many shadow and reflection cues to perceive depth changes. 
Future navigation systems should consider designing visual 



        
    

     
       

     
   

    
      

         
        

       
     

      
       

       
        

          
          

        
       

         
       

       
     

     
     

       
      

  
       

    
    

      
 

     
        

       
      
       

     
          

     
       

     
       

         
      

       
       

       
          

         
      

     
    

       
           
     

       
     

        
       

       
     

          
         

     
   

  
     

      
      

       
      

     
      

    
        

  

 
      

    
    

          
      

    
        

      
     

        
       

 
        

         
        

         
        

 
         

        
  

   
     

  

       
    

 

       
      

highlights with color or luminance contrast to indicate 
surface level changes for low vision people. 

Visual Abilities and Preferences. Only two visual 
functions, color vision deficits and light sensitivity, had 
some relationship to mobility patterns. Participants who had 
difficulty distinguishing colors (Harry, Andy) relied on 
luminance contrast (e.g., shadows) to detect surface level 
changes, while participants who were sensitive to light (e.g., 
Kacee and Eddy, who both had Albinism) felt more 
comfortable at the emergency stairs, which had relatively 
dim light. In other cases, some participants with similar 
visual conditions had diverse behaviors and preferences. 
For example, Sophia and Jacob, who both had Stargardt’s 
with a reported visual acuity near 20/200, used different 
mobility tactics. Sophia preferred seeing in a darker 
environment and often looked down when navigating stairs, 
while Jacob had difficulty in the dark emergency exit stairs 
and only looked down at the first and last stairs. Thus, it is 
important for designers to consider that visual abilities do 
not always dictate personal preferences. 

The Effect of Lighting. Lighting conditions proved to be an 
important factor for detecting surface level changes, as well 
as for other mobility tasks. While soft light was helpful, 
bright sunlight could hinder people’s ability to perceive 
their surroundings. Certain technologies can also be 
affected by lighting conditions. For example, the 
effectiveness of computer vision technology may vary 
between outdoor and indoor locations, and the visual effects 
of augmented reality technology also depend on the 
brightness of the environment. Future technology for low 
vision should consider people’s visual perceptions in 
different lighting conditions. In addition, designers should 
evaluate the effectiveness of the new systems in different 
lighting scenarios.   

Design for Psychological Security. Participants were 
cautious and even afraid when navigating surface level 
changes. They slowed down on the stairs, sacrificing time 
for physical safety but also psychological security. Current 
technologies (low and high-tech) may not provide users 
psychological security. For example, those who used a cane 
in our study still preferred holding the railing to feel safe 
and confident. Thus, besides functionality, psychological 
security should be considered when designing assistive 
technology. To support walking downstairs, for example, a 
system could provide psychological security by recognizing 
the railing to help a user locate and hold on to it. However, 
such a design may encourage users to rely on the railings, 
rather than walking down the stairs like a sighted person. 
Supporting a user’s psychological security is complex, 
involving many factors: a user’s prior experiences, the 
potential consequences of an error in a given task, and the 
user’s trust in the design in addition to the technology’s 
reliability. Designing and evaluating for psychological 
security extends a traditional HCI approach, and researchers 
should consider this perspective moving forward. 

How People with Low Vision Perceive Depth 
Our research sheds light on the ways in which people with 
low vision perceive depth, a fundamental visual task. With 
reduced visual ability, participants relied on monocular cues 
rather than binocular cues to perceive depth information. 
Although using some similar monocular cues with sighted 
people, such as occlusion (e.g., detecting a curb because it 
partially occluded the wheel of a parked car) and lighting 
and shading cues (shadows and reflections), participants 
mostly relied on color and texture changes as an indication 
of depth change. As a result, complex color or texture 
decorations on a flat surface were confusing and required 
careful inspection. 

Limitations and Future Work 
We conducted the study in a specific environment: two 
newly-constructed buildings in an urban area. Although 
these buildings represent recent aesthetic trends and comply 
with regulations, they do not represent all built 
environments. In the future, we will expand our study by 
investigating other environments. In addition, future work 
should complement our qualitative findings with a 
quantitative analysis. Specifically, we should quantitatively 
evaluate the effect of different environmental features on 
low vision people’s mobility. 

CONCLUSION 
In this paper, we studied the experiences, challenges, and 
strategies low vision people had when navigating surface 
level changes, a critical and dangerous aspect of mobility.  
We conducted a study with 14 low vision people using 
contextual inquiry, observing their behaviors in multiple 
tasks, which involved different surface level changes. Our 
study illustrated how extensively people with low vision 
use their vision and the lack of current assistive 
technologies to improve independent travel. Our work 
revealed a wealth of opportunities for future research and 
innovations for a growing and largely ignored user group. 
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