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ABSTRACT  
This paper examines the use of touchscreen smartphones, 
focusing on physical access. Using interviews and observations, 
we found that participants with dexterity impairment considered a 
smartphone both useful and usable, but tablet devices offer several 
important advantages. Cost is a major barrier to adoption. We 
describe usability problems that are not addressed by existing 
accessibility options, and observe that the dexterity demands of 
important accessibility features made them unusable for many 
participants. Despite participants’ enthusiasm for both 
smartphones and tablet devices, their potential is not yet fully 
realized for this population. 

Categories and Subject Descriptors  
H.5.2  [Information  Systems and  Presentation]:  User  Interfaces  
–  input devices and strategies.  

General Terms  
Design, Human Factors. 

Keywords  
Motor impairment, mobile devices, touch-screen interaction, 
accessibility, personalization. 

1. INTRODUCTION  
As worldwide adoption of mobile devices soars, so do the 
opportunities to use them to enhance the independence and 
mobility of people with disabilities. In the United States this is 
timely, as long-term service delivery for people with disabilities is 
shifting from institution-based services to home-based settings, 
with an emphasis on enabling people with disabilities to be 
independent and productive members of mainstream society [11]. 
Smartphones can help to achieve this, because they support 
assistive functions such as communication, navigation and 
information access; from wherever the user happens to be. 

Smartphone interactions include much more than simple taps.  
Applications designed for touch-screens may require swipes, 
slides, multi-finger taps, repeated taps, and multi-touch gestures 
like pinch and spread. These designs assume good motor control, 
which may create access barriers for some people. 

We examine the adoption and use of mobile touch-screen devices 

among a group of people with physical disabilities using long-
term services at a specialized community-based facility. We focus 
on physical usability of touch-screen gestures, combining 
interviews and direct observation to uncover usability successes 
and challenges. This empirical work provides a basis to guide the 
development of new techniques to improve physical access to 
mobile touch-screen devices. 

2.  BACKGROUND AND RELATED WORK   
2.1  Mobile Device Adoption  
Worldwide mobile phone penetration was recently estimated as 
91% [5]. Smartphone penetration is growing rapidly, and 
smartphones comprise the majority of mobile phone devices in 
many countries, including the United States (55%), Spain (66%), 
the UK (64%), and Canada (62%) [2]. In the U.S. 72% of newly 
acquired phones are smartphones [2]. One third of digital media 
consumption in the U.S. is on a smartphone or tablet device [2]. 

Kane et al. [8] used interviews and a diary study to explore mobile 
device adoption and accessibility for people with a variety of 
disabilities, including eight individuals with physical impairment. 
The researchers found that these individuals did not use mobile 
devices specially designed for people with disabilities, relying 
instead on mass-market devices, with cost being a major 
consideration. Some participants used their phones in unusual 
positions, such as on their laps. All of these individuals carried a 
phone with them at least once a week. Only one of the eight used 
a smartphone. 

Since the time of that study (2009), smartphone ownership in the 
US has tripled [2], and tablets have emerged as an important new 
mobile platform. Our study complements prior work with data on 
adoption and accessibility of newer touch-screen devices. 

2.2  Touch-Screen Use by People with  
Dexterity Impairment   
Sesto et al. [14] have examined touch screen tapping, contrasting 
touch characteristics of people with and without dexterity 
impairment. They used a large touch surface mounted at an angle, 
and a simple tapping task, finding that people with fine and gross 
motor control impairment had significantly longer dwell times 
than a control group, where dwell time is the time the finger was 
in contact with the surface. Those with gross motor control 
impairment had dwell times 1.6-2.3 times greater than the other 
groups, combined with significantly more total force applied (2.0-
2.7 times that of the other participants). Some mobile devices use 
long dwell times to trigger actions. 

Nicolau and Jorge [12] studied typing errors in older adults with 
varying degrees of hand tremor, on both mobile phone and tablet 
touch-screens. Error rates were strongly correlated with tremor, 
but different errors related to different aspects of tremor. They 
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reported errors in a copy-typing task including substitution errors 
(aiming errors and slips) and insertion errors (bounce errors and 
accidental touches). Bounce errors and accidental touches were 
shorter in duration than normal taps. Slip errors and accidental 
touches were correlated with hand oscillation, while the common 
error of poor aiming correlated with task-specific tremor (a 
subjective measure). They calculated that introducing a debounce 
time, similar to that available in the keyboard accessibility settings 
of desktop computers, would have reduced errors significantly. 
They also noted consistent offsets in participants’ tap locations, 
and calculated that taking these personal patterns into account 
could have significantly reduced errors, especially on the phone. 

To support touch-screen users with dexterity impairments, 
researchers have explored alternative keyboards with larger keys 
[3]. Older adults with tremor positively evaluated an alternative 
tapping technique in which users slide their finger over the screen 
and raise it when they are on their target [16]. The method 
reduced tremor oscillation and errors. 

Anthony et al [1] used YouTube videos as a resource to 
investigate touch screen use by people with dexterity 
impairments. Through analysis of 187 videos showing a person 
with a dexterity impairment using a touchscreen, they found that 
the devices were often empowering, but also identified a number 
of accessibility issues. The popular press reports similar stories of 
empowerment [7], where touch screens are a benefit because of 
the small force required to activate them, and the ability to use 
them with body parts other than a fingertip, such as a knuckle. 

In Anthony et al’s study, more iPad devices than phones were 
depicted, usually used flat or in a stand. The videos showed many 
different interaction styles, and physical adaptations such as the 
addition of physical guides, barriers and screen protectors, or the 
use of slings for arm support. The use of barriers supports earlier 
research highlighting the value of raised edges in touch screen 
interaction for this population. For example, Froehlich et al [6] 
examined touch screen mobile devices operated with a stylus, 
experimenting with the use of the raised screen edge as a 
stabilizing barrier to aid pointing accuracy for people with 
dexterity impairment. Earlier work on EdgeWrite [17] also 
leveraged raised screen edges, demonstrating benefits for people 
with dexterity impairment. 

The YouTube study [1] identified several specific usability 
problems caused by lack of fine or gross motor control. Gestures 
such as pinch and swipe were described as being problematic, and 
none of the videos depicted users performing multi-touch 
gestures. iOS provides an Assistive Touch feature that can be used 
to perform gestures with single taps, but in a follow-up survey of 
12 users in the videos, only 50% were aware of it, and only 25% 
used it regularly. One reported “it’s not too intuitive”. In addition 
to difficulty with gestures, the videos showed problems caused by 
unintended screen touches, a problem echoed in other anecdotal 
reports [7]. Anthony et al. [1] suggest that an assistance feature 
that ignores long, stationary screen touches would be useful. One 
user also reported that it was difficult to tap quickly enough, and 
suggested a feature that extended the length of touch that is 
recognized as a tap. Finally, users also reported that the physical 
buttons on their mobile devices were difficult to activate. Again, 
the iOS Assistive Touch feature provides a way to activate the 
same functions, though it is not known whether it was used for 
this purpose. 

Disabilities that affect movement can also affect the muscles of 
the eye, and a person’s ability to focus on a screen. For example, 

cerebral palsy is a neurological disorder affecting motor function. 
This can include the muscles of the eye, making it difficult to 
focus or to change focus. 25-39% of adults with cerebral palsy 
also have some visual impairment [9]. For this group, it is 
important to consider the visual aspects of access in combination 
with the physical. 

Our study extends prior work by combining interviews and face-
to-face observations of a range of touch-screen interactions, 
including multi-touch gestures. Through observing and measuring 
touch characteristics on smartphones, we contribute deeper insight 
into the experiences of people with dexterity impairment, and help 
to identify touch-screen accessibility needs that are not yet met. 

3.  TOUCH-SCREEN ACCESSIBILITY   
Touch-screen devices already incorporate many accessibility 
features. This section summarizes the physical and visual access 
features in the current versions of the most popular mobile 
operating systems: Apple iOS 6.1.3 and Google Android 4.2.2. 

3.1.1  Physical  Access Features  
Timing of actions. Touch and Hold Delay on Android provides 
short, medium and long settings for the delay before a tap is 
treated as a long tap. 

One-finger operation. Assistive Touch on iOS provides a way to 
perform multi-touch gestures, activate the physical phone button 
functions, and perform whole-phone movements with one finger 
on the screen. When Assistive Touch is turned on, a moveable 
button is superimposed on the screen. It can be dragged around so 
it does not obscure essential content. Tapping this button causes a 
menu to appear. Choosing any of the menu options leads to a sub-
menu of specific gestures. A pinch gesture is available in the 
'Favorites' option. Selecting 'pinch' causes a two-handled control 
to appear on the screen. Each handle represents a finger 
placement. The control can be dragged into any position, and 
jumps to the location of any screen touch. Touching one of the 
handles and dragging it causes the other handle to mirror the 
user's action, creating a two-finger pinch or rotate action. When 
the user has finished the action, they can touch the Assistive Touch 
button and then touch outside the menu to dismiss the control. If 
no action is taken after 3 seconds, the control fades, and then after 
10 seconds it disappears. 

Application lock-in. On iOS, Guided Access is a feature that 
locks the device into one application. When activated, a passcode 
is required to switch to another app. This is potentially useful for 
people who accidentally activate controls and may switch 
applications unintentionally. 

3.1.2  Visual  Access  Features  
Text enlargement. On iOS devices, the Large Text option 
enlarges text in calendar entries, contacts, messages, mail and 
notes up to 56pt. Only user text is enlarged, not buttons or other 
user interface labels. In the Calendar app, large text only appears 
when opening a specific calendar entry, not in the list of entries. 
In contacts, the contact name list is enlarged but not the details of 
the contact when it is opened or edited. In email, the text of the 
email is enlarged when it is opened, but the list of emails is not. 

Android also offers one Large text option. Large text is applied to 
system messages, contacts, calendar entries, and text messages. 

Screen magnification. On iOS, Zoom provides a magnification 
function that allows users to zoom the screen by a fixed amount 
by double tapping with three fingers. Sliding three fingers on the 
screen moves the view, and double tapping with three fingers 



          
       
        

        
       

       
           
       

        
         

  

       
          

          
      

         
         
        

        
      

         
       

          

          
      

        
          

       
    

        
      

      
        

 

          
        

    
       

        
          
         
       

 

         
       

       
        

    
         

    

          
          

            
         

     

        
         

          
          
           

       
       

    
    
    

     
 

       
   

         
        

          
        

       
           

       
   

     
        

         
             
         

       
          

     
         

           
           

          
      

           
          
        

        
         

       
           
          

          
       

      

restores the original view. When magnification is on, every app is 
zoomed automatically. Users can also control the magnification 
level by double tapping with three fingers, holding the second tap, 
and sliding the three fingers up and down. This feature works for 
all apps, and also enlarges the on-screen keyboard. 

Android provides a magnification function similar to Zoom, but it 
is activated by triple tapping with one finger. Pinch gestures can 
be used to adjust the zoom level, and two fingers can be used to 
pan around the screen. A triple-tap and hold will temporarily 
magnify what is under your finger, and dragging your finger 
changes the magnified area. 

Text-to-speech. In some applications, users can select text using a 
double tap or long tap, and a popup menu appears. When the iOS 
Speak Selection feature is enabled, a 'Speak' option is added to the 
popup menu. Tapping on 'Speak' causes the selected text to be 
spoken. In some contexts, selection handles also appear, and these 
can be dragged to control the selection. Text that is not editable, 
such as window titles, contact names and button labels, cannot be 
spoken. Both iOS and Android offer built-in screenreaders 
intended to support non-visual access. These can read out screen 
text, but also radically change the method of interacting with the 
screen, so as to enable exploration with the finger, without 
accidentally selecting items. They are not included in this study. 

4.  STUDY  
To learn more about mobile device adoption among people with 
dexterity impairments, we consulted clients of a New York center 
providing direct care services to almost 3,500 people each year. 
Many clients have cerebral palsy, but the center serves all people 
with physical, developmental, and acquired disabilities, or any 
physical condition that severely limits an individual's 
independence. Our participants were drawn from the adult day 
care services program and the workshop, where clients are 
employed in packaging work. Center staff selected participants 
with the cognitive ability to use a mobile phone and participate in 
the interview. 

4.1  Participants  
We interviewed 16 individuals (5 women), whose mean age was 
40 (range 23-57, std. dev. 9.5). One had no formal education, 1 
had not completed high school, 8 had graduated from high school, 
3 had some college level education, and 4 did not respond. Seven 
people were employed in the Center workshop, 3 did volunteer 
work in the community, and 1 was actively seeking employment. 
Seven lived in an assisted living group home, 5 lived with their 
parents or other relatives, 2 lived independently, and 2 did not 
respond. 

The participants represent a wide range of physical abilities. 
Dexterity impairments included range of motion limitations, 
abnormally high muscle tone, difficulty in isolating movement to 
just one muscle group (reflexive and synergistic movement 
patterns), difficulty in coordinating movement, muscle weakness 
and tremor. The group included several people with significant 
dexterity impairment, and 15 had visible impairment. Seven 

participants were able to use two hands to hold, manipulate and 
operate the smartphone. Five participants just one hand, and four 
used a single finger. On the days of the interviews, 8 people were 
using a power wheelchair (3 with a laptray), 2 a manual 
wheelchair, and 6 were walking. 

The visual acuity of participants also varied greatly. As measured 
in the session, visual acuity ranged from 20/30 to 20/200 (legally 
classed as blind), with most (8) people at either 20/40 or 20/50. 
Four participants were not assessed in the session, because they 
were unable to perform the test (2), or had to leave early (2). 

4.2  Materials  
The interview questions covered the following topics: current 
phone ownership and use, interest in a smartphone, usefulness of 
smartphones, usability of smartphones, use of participant’s own 
smartphone or touch-screen device (if applicable), adjusting your 
smartphone or touch-screen device (if applicable), touching the 
screen, seeing what’s on the screen, and demographic 
information. 

Davis’ Technology Acceptance Model (TAM) [4] inspired 
specific questions separating usability and usefulness. The TAM 
describes a user’s motivation to use a product in terms of the 
perceived usefulness of the product, and the perceived ease of use. 
We modified the TAM statement “This product takes a lot of 
effort to use”, to give separate statements on visual, mental and 
physical effort, with which participants were invited to agree or 
disagree. For example “A smartphone takes a lot of mental effort 
to use.” We did not use the full TAM measurement instrument, 
due to time constraints. 

We also designed hands-on sessions that included tap, slide, 
drawing, double tapping, pinching, and two- and three-finger slide 
actions. We used an iPhone 4S with iOS 6.1.3, in a non-slip case 
with no screen protector. The phone was set to use default font 
sizes, and to activate Assistive Touch on a triple-click on the home 
button. All other accessibility settings were turned off. 
Activities were based on real iPhone apps, to situate our 
observations within a realistic context. A tracing app, 
TracingPaper, was used to record tap actions over a background 
of three large purple circles (12mm diameter), and the sliding of a 
finger along a horizontal bar (44mm wide * 6mm high). Figure 1 
(left image) shows the app, with tracing lines made by a 
participant tapping on the circles. The Stopwatch function of the 
iOS Clock app was used to measure inter-tap times. We used the 
iOS Photos app to experiment with different ways of zooming in 
and out. Image of landscapes, animals and flowers were used, to 
make the activity comfortable for those who cannot read. A 
drawing app, ArtTouch (Figure 1, right image), was used to record 
two- and three-finger slide actions. ArtTouch draws connecting 
lines between touch points on the screen, providing a view of how 
many fingers were touching the screen, and the path they took. 

We used the EyeChartHD app to present a Snellen eye chart on a 
second iPhone to assess visual acuity. The eye chart was also 
available with shapes for those who cannot read letters. 



 
        

    
Figure 1. Applications used to record tap and slide actions 

(left) and three-finger slide (right). 

4.3  Procedure  
Informed  consent  was  obtained  in  advance  and  the  interview  
questions  were  also  made available in  advance.  We  informed  
participants  that  we  wanted to learn their  opinions  about  
smartphones,  barriers to  using  one,  or  problems that  researchers 
should  be aware of.  

Each  session  lasted  up  to  60  minutes, and  covered  the  appropriate  
interview  topics, depending  on  the  devices  the  participant owned. 
We  showed  participants  the  iPhone  as  an example  smartphone.  

For  the  hands-on activities, participants  were  first asked  to  
demonstrate how   they would hold and operate t he phone .  For  each 
type  of  touch-screen  action,  first  the  action was  demonstrated,  
then  participants  reproduced  the  action  themselves and  provided  
comments.  Participants with  no  touch  screen  experience were 
simply  asked  to  tap and slide  on the  screen.  More  advanced 
gestures  were  discussed only with experienced users.  For  users  
who  had  difficulty  using  more  than  one  finger  on  the screen,  the 
AssistiveTouch  feature  was demonstrated,  tried,  and  discussed.   

In  exploring  ways  of  seeing  what  was  on  the  screen,  we  first  gave  
the  visual acuity  test, then  asked  participants  to  select their  
preferred font  size  on the  phone  itself.  We  demonstrated  and  
discussed several  ways  of  enlarging screen objects,  inviting 
comments on  the usability  of  each.   These were:  double tapping;  
pinch gestures; the  Zoom  feature’s three-finger  double  tap  and  
three-finger  tap  and  slide.  We  also  demonstrated  the Speak  
Selection  feature  and  offered  the  chance to try it and comment.  

Movement  during  taps  was  measured  in  pixels  from  screenshots 
using the  Photoshop ruler,  and translated to millimeters  (mm).  

4.4  Results –   Smartphone Adoption  
4.4.1  Mobile  Devices  Owned  
Of  the  16  participants, 15  had  some  kind  of  mobile  phone, and  3  
owned a  smartphone.  They  had had their  current  phone  for  less  
than  1  year  (2  people), 1-3 years  (7  people), or  more  than  3  years  
(3  people).  At least 4  participants’  phones  were  provided  free  
through  a  health  insurance  program.   These  were  feature  phones  
with  physical  buttons.  The  program does  not  provide  any  choice  
of  phone  model.  Others  had selected particular  phones  because  
they  provided  large  buttons, large  text, ease  of  use  or  an  attractive  
calling  plan.  They  used  their  phones more than  5  times a day  (5  
people),  1-5 times  a  day (5 people),  1-5 times  a  week (3 people),  
or  less  often (1 person).    

7 participants  owned another  kind of  touch-screen  device:  an  iPad  
(3  people),  iPad  Mini  (2  people), other  tablet  (1  person) and  a  
Nook  touch-screen  e-reader  (1  person).  Four  participants  
mentioned  that  these  devices  were  gifts.  Only  1  participant  had  
both a  smartphone  and a  tablet  device.  

     4.4.2 Usefulness of a Smartphone 
69% of  participants  felt  that  a  smartphone  would be  ‘very useful’  
in  their  day-to-day life,  if  it  was  easy to use.  Given  a  7-point  scale  
ranging  from  ‘not  useful  at  all’ up  to  ‘essential’,  1 person rated a  
smartphone as ‘essential’,  11  as ‘very  useful’,  1  as ‘somewhat  
useful’,  and 3 as  ‘neutral’.  

Those who did not have a smartphone already  would  describe  it  as  
“like  a  cellphone”,  a  “better  phone  that  can  do  more  things”,  a  
“phone  that  has  a  lot  of  different  gadgets  to  it  like  Internet  and  
games”,  and “an Apple  mini-computer”.  When  asked  what  they 
thought they  would  use  it for, if  they  had  one, their  responses  
were:  phone  calls  (13  people); Internet  (7); Facebook  (3) 
maps/directions  (3);  music  (3);  camera  (3); text  messaging  (2);  
contacts (2);  weather  (2);  TV/entertainment  (2);  games  (1);  notes  
(1);  emergencies (1 ) email  (1);  and  video  chat  (1).  

     4.4.3 Usability of a Smartphone 
Among  the  group  as  a  whole,  50%  of  participants  agreed  with  a 
statement  that  a smartphone takes a lot  of visual  effort  to  use, and  
56%  agreed  that it takes  a  lot of  mental effort. Only  19%  of  
participants  agreed that  it  takes  a  lot  of  physical  effort  to use  a  
smartphone.  Responses  are  summarized in Figure  2.  

Figure  2. Perceived effort of using a smartphone  
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In  general,  participants  considered a  smartphone  to  be  easier  to  
use  than a  flip phone.  Reasons included  larger  text and  buttons, no  
need to flip it  open,  fewer  steps  needed to find and dial  contacts,  
and  the ability  to  see all  the functions on  the screen  rather  than  
having them  hidden in menus.  One  participant said  “It is  easier  
because  people  can see  how  it  works  now.   People  can see  what’s  
on the  screen and see  what  you can do”  

There  were  interesting  differences  between  those  who  owned  a  
touch-screen  device and  those who  did  not.  While only  29%  of 
non-owners  agreed that  a  smartphone  takes  a  lot  of  visual  effort  to 
use,  67%  of  owners  agreed with this  statement  (Figure  3).   An 
opposite  difference  was  seen for  mental  effort.  86%  of  non-
owners  agreed that  a  smartphone  takes  a  lot  of  mental  effort  to 
use,  but only  11%  of  device  owners  agreed  (Figure  4). A  smaller  
difference  was  observed for  physical  effort,  29%  of  non-owners  
and  11%  of  owners agreed  that  a smartphone takes a lot  of  
physical  effort  to use.  
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Figure  3. Percentage of people  with  and  without  a touch-
screen d evice who  agree that  a  smartphone takes a  lot  of  

visual  effort  to use.  
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Figure 4. Percentage of people with and without a touch-
screen device who agree that a smartphone takes a lot of 

mental effort to use. 

Of the 13 participants who did not already have a smartphone, 11 
wanted to get one. One person (a non-computer user) did not 
want a smartphone because they are distracting, harder to carry, 
more expensive, too small, and did not offer anything she needed. 
The other person felt they did not know much about smartphones 
but might get one if it was $50. Two participants mentioned that 
their need for a smartphone was not great because they can access 
the Internet on their computers. 

Of those who wanted to get a smartphone, only two thought they 
might get one soon, and two others might get one when their 
current phone breaks or is due for an upgrade. Six people cited 
cost as the barrier to getting a smartphone. One person alluded to 
the effort of learning a new device, saying “I got the other phone 
down pat.” No other barriers were mentioned. 

     4.4.4 Adoption Intentions and Barriers 

4.5  Results -  Customization  
The 9 participants who owned a touch-screen device were asked 
about customizations they had made, or that people had made for 
them, on their devices. 

None had a device mounted to their wheelchair, or used any 
special modifications. Three used tablet devices on a non-slip 
easel on a table, and two used tablet devices flat on a table. Two 
used a stylus on their tablet device. The tablet devices we 
observed were in rugged protective cases. One person used their 
smartphone on their lap (operated with one hand) while the other 
two smartphone owners held it in their hands. 

Five of the nine had done some personalization of their home 
screen. Four had changed their screen background, two had made 
use of folders to organize apps, and one had arranged the apps on 
their home screen. 

There was little awareness of accessibility preferences. When 
asked “Does your phone have any preferences you can adjust to 
make it easier to use?” the responses were: yes (2); I think so (2); 
I don’t know (3); and no (2). When asked “Where would you 
look for preference settings on your phone/tablet?” three people 
mentioned ‘Settings’. Others would ask someone (1) or look on 
the Internet (2) or in an instruction manual (1). No-one mentioned 
the word ‘accessibility’. No assistive features were mentioned but 
one person mentioned the iOS voice recognition system – Siri. 
One person asked “What are preferences?” 

Two participants’ tablet devices had been configured for them by 
an occupational therapist. One was using voice recognition and 
Speak Selection, while the second used large fonts. 

4.6  Results – Touch-Screen Usability    
Of the 16 participants, 10 were able to use two hands to operate 
the smartphone. After experimenting, participants selected the 
following preferred ways of using it. 

•	 7 people: Hold device in one hand and operate with the 
other hand 

•	 2 people: Place device on a laptray or table and use two 
hands 

•	 2 people: Place device on a laptray or table and use one 
hand 

•	 2 people: Place device on lap and use one hand 

•	 2 people: Mount device on wheelchair and use one 
hand (simulated in study by a person holding the phone 
in position) 

•	 1 person: Hold and operate device with one hand 

  4.6.1 Tapping 
All participants demonstrated their tapping technique on a set of 
three purple circles on the screen, recording a total of 142 screen 
touches. 10 participants tapped easily, 3 tapped with some effort 
(activating unwanted functions or taking more than 5 seconds), 
one person tapped with significant effort. A comparison group of 
10 people with no visible disability (randomly selected 
colleagues) also performed this tapping activity, providing 96 
touches with no apparent difficulty. 

Although participants were able to tap on the screen, only 49% of 
the screen touches both started and ended on a target. Table 1 
compares the touch locations for the two groups. 

Table 1. Touch locations while tapping for participants and 
comparison group. 

Start  and 
end o n t arget  

Start  or  end 
on  target  

Missed  
target  

Participants 49% 28% 23% 
Comparison 100% 0% 0% 

Four participants activated the buttons at the top or bottom of the 
screen (see Figure 1). Two people zoomed or dragged the drawing 
area, a consequence of having two fingers on the screen. 



         
          

           
          

      
         

        
       
     

 

        
     

  

      

 

         
     

         
         

          
      

     
      

       
          

      
      

      

           
           

          
     

          
        
       

 
           

         
          

         
          

        
      

             
         

         
         

       
           

  

         
           

           
         
           

         
          

     
      

      

         
     

       

 

 
    

    
 

There was considerable movement within touches, with an overall 
median value of 9mm. The touches that covered large movement 
distances were made by the same finger being used to tap the 
screen, en route to the target. Table 2 summarizes the lengths of 
all touches made during the tapping activity. The minimum touch 
length is 0.2mm (1 pixel). One participant’s touches could not be 
measured because they accidentally zoomed the screen. 81% of 
the 132 measurable screen touches contained movement (versus 
2% for the comparison group). 

Table 2. Touch lengths while tapping for participants and 
comparison group. All values are in mm. 

Mean  Median Std.  
Dev.  

Range  

Participants 
Comparison  

17.5 
0.2  

9.0 
0.2  

23.4 
0.6  

0.2 - 64.5 
0.2 - 4.3  

  4.6.2 Sliding 
Sliding is an especially important operation in iOS devices, as it is 
used to unlock the screen when the device wakes. Participants 
were asked to slide their finger along a bar similar in size and 
shape to the iOS unlock bar. The bar was positioned at the bottom 
of the screen, as shown in Figure 1, next to a series of application 
buttons. Touching the screen too low caused the slide action to 
miss the drawing area, and sometimes activated these app 
controls. This problem was observed for 4 participants. One 
participant was able to slide vertically but not horizontally, and 
the participant who held and operated the phone with one hand 
had difficulty reaching the correct area of the screen with his 
thumb. Three other participants found the slide movement 
difficult. Two example movement traces are shown in Figure 5. 

Figure 5. Two examples of sliding actions by participants 
who found this challenging. 

    4.6.3 Timed Taps 
Seven participants used double taps to zoom in and out on a photo 
in the iOS photo app. Four people found it challenging to tap 
twice in the time allowed by iOS. Five people slipped while 
tapping, which frequently caused them to swipe between pictures, 
or to move the view of the enlarged picture. All participants were 
able to swipe back to the picture they had started with. One 
person’s fingernails were hitting the glass, preventing some of 
their taps from registering. 
Ten people demonstrated repeated taps on the lap button in the 
Stopwatch. Dragging actions are not meaningful here, so slipping 
while tapping was less of a problem. Fingernails hitting the screen 

caused  problems for  one individual.  The  size  of  the  buttons  
(40*14.4mm) was  too  small  for one  person  to  tap  accurately.  
Minimum  inter-tap  times  for  these  participants  ranged  from  0.2s  
up to 5s  (estimated,  as  this  person  was  unable  to  hit  the  button).   
Three  people  always  had  at  least  1s  between  taps.  

  4.6.4 Pinching 
Nine people tried the two-finger pinch gesture as a way to zoom a 
picture in the photo app. Two found it easy, two succeeded with 
some effort and found it easier than double tapping. One 
succeeded with some effort but preferred double tap. Three people 
were not able to use two digits independently so could not use this 
gesture. One person was able to use it but much preferred to hold 
and use the phone with one hand. Assistive Touch was a more 
convenient way for him to zoom with one hand. Unintentional 
swiping between pictures was observed for two people, indicating 
that one finger was on the screen and moved while placing the 
second finger. 

  4.6.5 Three-finger slide 
None  of  the  ten  participants  who  were  presented with this  gesture  
was  able to  reproduce it  successfully  during the  session.   All  
found  it  difficult  to  place  three  fingers on  the  screen  at  the  same  
time  and  keep  them  all there,  even  without  sliding  them.   When  
sliding,  their  fingers would  easily  lose  contact with  the  screen, or  
slip  off the edge of the screen.  Seven  people had  some success in  
placing two fingers  on the  screen and sliding.  

4.7  Results – Accessibility Features    
   4.7.1 Pinching with Assistive Touch 

We demonstrated the use of the Assistive Touch accessibility 
feature to perform pinch gestures to 7 people who preferred to use 
the phone with one hand. None were previously aware of this 
feature. Six people tried it for themselves, while one decided it 
required too many steps. Four people found it easy, and two said 
they preferred it to using a two-digit pinch gesture. Two found it 
more difficult to use – one because of finger slipping problems, 
and one because it needed too much precision to touch the on-
screen pinch circle. Touching the on-screen handle outside the 
circles causes the whole handle to jump to the touch point. 

   4.7.2 Font Sizes 
We  asked  14  of  the  participants  to  select  their  preferred  font  size  
from  the  available  options  in  the  accessibility  settings. Their  
selections were:  20pt  (1);  24/32pt  (4);  40pt  (2);  48/56pt  (5);  and  
one  person preferred 20pt  with her  glasses  and 40pt  without.   

  4.7.3 Zoom 
Given the participants’ preference for large text, the Zoom feature 
could be an important tool. However, the three-finger gestures 
needed to activate it were inaccessible to our participants. 

   4.7.4 Speak Selection 
Participants  reacted  very  positively  to  the  idea  of  being  able  to  
select  text  and  have it  spoken  to  them,  including  two  participants  
who  could  not  read.   Of  the  7  participants  who  tried  it,  four  were  
successful  in  activating  the speech.   Two  others found  it  difficult  
to  double  tap  text to  select it, because  of  the  timing  requirements, 
and  the  need to tap accurately. We  observed slipping  while  
tapping.  This  causes the screen  to  scroll,  which  moves  and  
sometimes hides  the  desired  text.  Another  participant with  severe  
visual  impairment  was  able  to double  tap,  but  was  not  able  to tap 
on the  ‘Speak’  button in the  resulting popup  because any  
accidental  touch  on  the screen  causes  the  popup  to  disappear  and  
the text to be deselected.  This happened on repeated attempts.   



          
        

         
       

           
     

       
  

         
   

    

          
         

       
       

  

    
        

         

     
        

      
      

     
        

      
      

       
       

         
       

           
       

 
        

      
       

          
      

    

     
           

         
     

       
        

     
   

    
       

    

       
           

       

          
        

       

          
       

         

          
         

           
        

          
         

     
      

      
         

        
         

       
        

             
      

     
       

         
       

      
        
           

      

         
      

           
         

        
            

         
            

   

           
           

        
      

       
        

            
       

       
          

       
       

      
           

     
       

           

         
      

   

5.  PROFESSIONAL PERSPECTIVE  
People with disabilities who acquire a mobile device may be 
referred to an occupational therapist for professional assessment 
and help in configuring it. The third author is an occupational 
therapist (OT) who coordinates occupational and speech therapy 
at the study location. She has seen a steady increase in the use of 
smartphones and tablets in the last 2 years. Based on her work 
with individuals, both technology assessments and ongoing 
training, she observes: 

•	 The ‘cool’ factor makes these devices much more 
desirable to many people than a specialized 
communication device or other assistive technology. 

•	 Because the user directly touches what they are looking 
at, operation is cognitively simpler than using a mouse. 

•	 Direct activation eliminates the need to alternate two 
points of visual focus (e.g. a display and an input device 
on a desktop computer), which is challenging for some. 

•	 Touch-screen devices are especially valuable for people 
with low muscle strength, needing no effort to activate. 

•	 A rugged case is important to protect against dropping. 

•	 Non-slip materials are important to prevent devices 
slipping when touched, when placed on a surface. 

•	 Because the screens are very sensitive, it is common for 
people to make accidental touches that activate 
functions they didn’t want. She addresses this problem 
by trying a stylus or providing a glove with a finger cut 
out, so people can touch or rest on the screen without 
activating anything except with one finger. 

•	 The Guided Access feature is useful during sessions, to 
keep the device within one program, but the complex 
steps required to turn it on and off mean that most 
people cannot use it independently. 

•	 Timed events are a barrier for many people who can 
perform the expected actions, but need more time. 

6.  DISCUSSION  
6.1  Technology Adoption  
Consistent with prior work, we found higher adoption of tablet 
devices than smartphones [1,2]. Their larger screens provide 
larger touch targets, and larger text. Our interview data suggest 
that tablets are often given as gifts, and the availability of a no-
cost cellphone through medical insurance may be an inhibitor to 
smartphone adoption. Cost is the major barrier. 

Nevertheless, smartphones were perceived by our participants as 
something very useful, and also as physically easy to use. Users’ 
perception of visual ease of use was higher among those who do 
NOT have experience with touch-screen mobile devices, 
suggesting that seeing items on the screen may be more difficult 
than people anticipate, though further investigation is necessary to 
explore this possibility with a larger sample size and more precise 
measurement of participants’ abilities. Both professional 
observations and responses from touch-screen device owners 
suggest that touch-screen interaction seems less cognitively 
demanding than using other forms of technology. 

6.2  Customization  
There was less physical customization of touch-screen devices in 
this group than seen in prior work [1], perhaps indicating a 
difference in the populations represented. The frequent use of 

rugged cases and a stylus mean it is still valuable to explore 
techniques that use raised edges, even though many devices do 
not have built-in raised edges. 

The lack of user awareness of accessibility features echoes similar 
problems on the desktop, but the lack of appropriate accessibility 
options for this population is a much more immediate concern. 

6.3  Touch-Screen Usability  
In general, participants felt very positive about their ability to use 
tap, slide and swipe actions, and all were able to make these 
motions on the touch screen. The swipe operation (used to move 
between pictures in the Photos app), seemed easy for everyone to 
perform. A swipe does not require fine positioning. Other whole 
screen one-finger gestures may be an ideal way to activate 
assistance features for populations with dexterity impairment. 
Our observations revealed problems that could be addressed by 
research into new accessibility features. In common with prior 
work, we find that many users would benefit from the ability to 
control the timing requirements of their touch interactions. Many 
different forms of timeout are used on mobile platforms, from the 
display of the ‘Slide to Unlock’ control on waking the screen, and 
the time the Assistive Touch pinch control is presented for, down 
to the time allowed between the two taps of a double tap, and the 
touch length that is considered a tap and a long tap. Providing 
control over different timed responses through a manageable 
number of user preferences, is an important research challenge. 
Other touch screen usability problems we observed are somewhat 
different from those in prior work. We did not observe evidence 
of long, stationary screen touches when using the smartphones. 
This problem was seen in assessment sessions with tablet devices 
(and addressed by wearing a glove), but the small screen may 
reduce the likelihood of this happening on smartphones. 

Slipping while tapping is consistent with the higher impulses and 
dwell times observed in prior work for tapping actions by people 
with both fine and gross motor control impairment [14]. A Steady 
Taps feature that suppresses short touch movements may benefit 
some people, similar to the desktop Steady Clicks feature [15]. 
Taps could either be recorded at the finger down or finger up 
location, depending on which was easier for the user to control. 
Such a feature would need to be carefully designed so that swipe 
actions are still accessible. 

We frequently saw people moving their finger on the screen on 
their way to a target. A filter for long touches with non-linear 
movement may be useful. Undo functionality is another valuable 
usability feature, but needs to be easy to activate. 

Short touches on the screen with a second part of the hand did 
occur on occasion. This would sometimes cause objects to be 
moved or scaled. Our study did not measure the length of these 
additional, unwanted touches – further work could explore 
whether they would be differentiable from deliberate two-finger 
interactions. For people who operate the device with one finger, a 
feature that suppresses any additional touches (akin to Steady 
Clicks’ suppression of extra clicks), may reduce errors. 
We observed success with pinch gestures. However, touching the 
screen with two fingers at the same time was challenging for 
many participants. For pinch gestures, several people used a 
technique of bracing one finger on the screen while moving the 
second into place. This would not allow for a two-finger tap. 

Our study did not cover all touch-screen gestures. We leave long 
taps, rotation gestures, actions that use the whole device, and the 
hardware buttons to future work. 



        
         

       
        

      
       

        
   

      

           
         

         
     

        
      

      
        

    
    

         
        

     
      

        
        

   
   

           
         

     
       
      
     

       
       

   
       
      

       
       

         
   

     
 

        
    

 
           

    
       

   

          
     

       
   

          
     

 

           
     

        
   

  
 

        
 

 

   
       

       
      
      

      

    
    

    
 

         
     

     

        
       

    
 

 
         

      
   

        

          
      

       

            
      

       
       

       

          
        

      
   

       
       

        
       

            
     

     
     
 

6.4  Accessibility Features  
Participants were very interested in using the Zoom, Assistive 
Touch and Speak Selection features. However, there is a mismatch 
between the abilities needed to operate these features, and those of 
the participants. Access features were unusable for many people 
because of difficulty touching down on the screen at the intended 
position, tapping twice quickly, or using more than one finger 
simultaneously. We did not fully explore the Assistive Touch 
feature. The positive reaction of several participants was 
surprising, given the number of steps required to use it. 

Each participant was unique in their method of holding and using 
the smartphone, and in the operations that were easier and more 
difficult for them. Many participants use only a few of the 
possible touch-screen gestures, but experience problems when 
their screen touches are interpreted as other complex gestures. The 
ability to ignore certain gestures, and customize the gestures used 
to activate functions, especially the assistance features, would 
reduce errors and allow access to more functionality. 

7.  CONCLUSION  
Touch-screen mobile devices have great potential to provide 
independent communication and information access, and support 
individuals in their desire to live independently and participate 
fully in today’s digital society. Through interviewing a group of 
adults with dexterity impairment, we find that while participants 
are interested in owning a smartphone, tablet devices are more 
prevalent. Participants had not explored the available accessibility 
options themselves: professional assistance was essential for 
device customization. 
Participants found touch-screen devices physically easy to use, 
but many who owned such devices felt that they required a lot of 
visual effort. Given the association between physical and visual 
impairment, it is important that the magnification function is 
accessible. However, none of our participants could perform the 
three-finger actions required. In general, the assistive features that 
participants wanted to use often demanded too high a level of 
dexterity, either in accurate timing, precise targeting, the use of 
multiple fingers, or sensitivity to extra touches. Further research is 
needed to develop appropriate accessibility options for touch-
screen mobile devices, in order to unlock their full potential for 
people with disabilities that impact dexterity. 
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