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Abstract. People with disabilities often have difficulty using ICT and similar 
technologies because of a mismatch between their needs and the requirements 
of the user interface. The wide range of both user abilities and accessibility 
guidelines makes it difficult for interface designers who need a simpler accessi-
bility framework that still works across disabilities. A modality-independent  
interaction framework is proposed to address this problem. We define modality-
independent input as non-time-dependent encoded input (such as that from a 
keyboard) and modality-independent output as electronic text. These formats 
can be translated to provide a wide range input and output forms as well as sup-
port for assistive technologies. We identify three interfaces styles that support 
modality-independent input/output: command line, single-keystroke command, 
and linear navigation interfaces. Tasks that depend on time, complex-path, si-
multaneity, or experience are identified as providing barriers to full cross-
disability accessibility. The framework is posited as a simpler approach to wide 
cross-disability accessibility. 

Keywords: Cross-cultural product and service design, disability, accessibility, 
framework, input, output, interaction, user interface, modality independence. 

1 Introduction 

Information and communication technologies (ICT), and other devices and systems 
with ICT-like interfaces, are widely used for work, education, entertainment, and 
daily living. However, many people with disabilities find it difficult or impossible to 
use these systems for a variety of reasons [1]. This difficulty is frequently a result of a 
mismatch between the user and the task or between the user and the interface. For 
many ICT systems, the interface is the only barrier to completing a task for a user 
with a disability. If the user instead had an interface that fit his or her needs, the same 
task could be completed successfully.  

Designing accessible interfaces can be challenging because many factors must be 
considered. First, the specific needs, characteristics, and abilities of people with dis-
abilities are very diverse [2]. A second factor is that not all accessibility strategies can 
be used in all design contexts. For example, accessibility may be provided in some 
software by using established accessibility application programming interfaces 
(APIs), which work with a user’s assistive technology (AT). However, other systems 
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have closed functionality, where particular functionality can only be accessed through 
the built-in user interface. With closed functionality APIs cannot be utilized, so these 
systems must provide a built-in, directly accessible interface to the user.  

A third factor is the many accessibility standards, regulation, guidelines, and pub-
lished lists of strategies for ICT [3–5]. Two key accessibility regulations in the United 
States that a designer needs to understand are the Accessibility Standards of the 
Americans with Disabilities Act and Section 508 of the Rehabilitation Act of 1973. 
Many other countries have similar types of accessibility legislation in place or under 
development. The International Organization for Standardization has a number of 
standards that relate to accessibility, including ISO 9241-20:2008 (ICT accessibility 
guidelines), and ISO 9241-171:2008 (software accessibility). The Web Content Ac-
cessibility Guidelines (WCAG) 2.0 are accessibility guidelines for web content and 
applications, but also are being cited as guidance for non-web software and content 
[6]. In addition to the standards and regulations, there are a number of books, chap-
ters, and articles available on accessibility. 

The documents and accessibility standards listed above, and others like them, pro-
vide accessibility guidance or regulations, but are complex with many detailed provi-
sions that require time and study to understand. The volume and complexity of the 
information can be overwhelming to new designers or designers new to accessibility. 
It is difficult for these designers to prioritize accessibility so that the most important 
features are addressed first [2] and to identify strategies that can address multiple 
requirements simultaneously. 

To facilitate the incorporation of accessibility into the design process, designers 
need a simpler accessibility framework. In this paper, we describe a framework of 
basic modality-independent interaction that can be used to more simply understand 
and address the needs of people with physical and sensory disabilities ranging from 
mild to severe for many contexts. In this framework we define modality-independent 
input and output channels and suitable interface styles. With modality-independent 
interaction, a user can interact with an interface using any input or output modality 
that fits his or her needs. The input, output, and interaction may be provided by the 
system itself or through a user’s AT. The model is not meant to replace comprehen-
sive accessibility guidelines, but to provide a simpler way to address basic access. 

Modality-independent input and output channels have been considered before and 
are the basis for many of the current accessibility guidelines. On the output side, the 
information must be available to AT in modality-independent form or in a form that 
can be easily converted to a modality-independent form in order to allow AT to 
present information in different modalities to fit the user [7] (this concept is also re-
flected in WCAG 2.0 Guideline 1.1 [8]).  

On the input side, modality-independent input (or an input method that can easily 
be translated across modalities) is also required. Guideline 2.1 from WCAG 2.0 [8] 
requires keyboard input to address this need for web content. In this paper we extend 
these input and output concepts to more types of systems.  
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2 Modality-Independent Interaction Framework 

In developing the framework of modality-independent interaction, we considered the 
needs of users without disabilities and the needs of users with sensory or physical 
disabilities ranging from mild to severe. The most severe sensory disabilities consi-
dered were people who are completely unable to see, unable to hear, and unable to 
both see and hear. The most severe physical disability we considered was where 
people have control over only a single customized switch.  

In order to be accessible, a system must have accessible input, output, and interac-
tion. These can be transformed into a wide range of forms to fit many users’ needs.  

2.1 System Input 

In order to operate an interface, the user must provide input to the system. However, 
people with physical disabilities may be precluded from using various input devices. 
To be controllable by a wide range of users, systems must accept modality-
independent input, which can be provided by a wide variety of input devices. 

We define modality-independent input as non-time-dependent encoded input. 
The type of input depends on the capabilities of the system, but must be in a standard 
format that can be emulated by AT over a standard connection. For computer and 
mobile-device operating systems, encoded input is keyboard entry using the standard 
human interface device drivers over USB or Bluetooth. Other examples of encoded 
input include DTMF tones used by touchtone interactive menu systems and Baudot 
tones used with text telephones (TTYs). Depending on the interface style, the encoded 
input might be a subset of that which is accepted by the system. For an interface that 
requires text input, the encoded input is all of the characters available in that lan-
guage. For a more limited interface, all interaction may be available using just a few 
keys (e.g., Shift, Tab, and Enter).  

Modality-independent input can be generated through many methods including 
physical keyboards, Morse code using switches or sip-and-puff [9], chordic keyboards 
(including Braille keyboards), speech recognition, handwriting recognition, gestures, 
brain-control interfaces [10], eye or other body movements, or any type of pointing or 
scanning in combination with a real or virtual keyboard/keyset.  

It is important that input not depend on time for several reasons. Some people have 
difficulty generating specific movements within a particular time span while others 
need additional time to plan their movements in advance. Generating input with a 
limited number of switches can take a significant amount of time. Single-switch scan-
ning methods are all time-dependent and customized to the users’ abilities. Scanning 
methods cannot generate input at any arbitrary rate for time-dependent interfaces. 

2.2 System Output 

In order to perceive the output and feedback from a system, the output needs to be 
available in a modality that each person can use. Modality-independent output can be 
transformed or translated into forms that fit the user’s needs and abilities. 
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We define modality-independent output as electronic text. To be completely ac-
cessible, the electronic text output must convey all of the information necessary for 
full interaction. To work with AT, the system must transmit the text over a standard 
connection in a standard format. The exact connection and format depends on the 
system capabilities and content language. Simple ASCII character encoding is suffi-
cient for English text, but other encodings may need to be used for other languages.  

Electronic text output can be transformed into a wide range of accessible output in 
different modalities. Text can be transformed into speech, provided on a braille dis-
play, or rendered in a user’s preferred font size, color, and typeface. Electronic text 
can also be translated with varying degrees of success into other languages, including 
sign language presented by computer-generated avatars [11].  

The presentation of system output could be improved by adding semantic or mod-
ality-specific markup to the text. Semantic markup describes the underlying meaning 
of content, which could potentially be provided in different ways for different users. 
Modality-specific markup defines the presentation of content, for example, the exact 
pronunciation of a name or the font of text. While additional markup may improve the 
user experience, plain electronic text is the minimum required for modality-
independent accessibility. 

2.3 Interface Styles 

Accessibility relies not only on accessible input and output channels, but also on a 
suitable interface style. There are a wide variety of interface styles including direct 
manipulation, immersive environments, menu selection, form fill-in, command line, 
and natural language interfaces [12]. However, some interface styles do not translate 
well into other modalities. For example, in a visual direct manipulation interface the 
relationships and commands represented through spatial arrangement or pointing 
gestures are difficult for many people who are blind.  

We have identified three general categories of interface styles that are well-suited 
to modality-independent interaction: command line, single-keystroke command, and 
linear navigation interfaces. As much as possible, interfaces should be designed so 
modality-independent input or output can be used independently or together. For ex-
ample, a person might like to see the interface on a kiosk’s full screen (modality-
dependent output), but interact with modality-independent input using a set of custo-
mized switches on his or her wheelchair.  

Command Line Interface. With a command line interface, the user submits a string 
of characters or text to issue commands. Such commands might range from the highly 
structured format of a command language to natural language input. The acceptable 
text input depends on the interaction context. The text could be entered using input 
hardware on the system or through the modality-independent encoded input channel.  

Single-Keystroke Command Interface. With a single-keystroke command interface, 
commands are issued in direct response to a keystroke or combination keystroke. 
Users do not have to submit the text or command as they do with a command  
line interface. Many common computer keyboard shortcuts are examples of  
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single-keystroke command interaction (such as pressing Ctrl/Cmd+C to copy). To be 
accessible, the user must also be able to execute combination keystrokes in a serial 
manner, such as through Sticky Keys. 

Linear Navigation Interface. With a linear navigation interface, users linearly navi-
gate the elements of a screen by moving a highlight or focus cursor. Once on a desired 
element, they activate or otherwise interact with it. By default, the focus should be 
navigable to all elements and wrap with notification at screen boundaries. 

At a minimum, the encoded input channel must accept two commands that can be 
provided with a single switch: Next-element and Action (which on a keyboard might 
be the Tab and Enter keys, respectively). A third command, Previous-element, is 
strongly recommended because many users can then step back to an element rather 
than having to wrap. As much as possible, elements should be fully operable with 
only the Next-element and Action commands. This allows a switch user to interact 
with elements without changing to full keyboard mode. Elements with more complex 
interaction (e.g., text entry) should accept more input from the encoded input channel. 

To simultaneously meet the needs of people with different disabilities, there are 
some navigation compromises. Linear navigation must be provided by default be-
cause it allows a person to traverse all elements along a single dimension, like moving 
down a list. This makes it easier to search non-visually for an element and to navigate 
with limited switch input. Another compromise is the level of navigation. People need 
to perceive all elements, so navigation should move to every element (both interactive 
and non-interactive) by default. This may be an inconvenience for people with physi-
cal disabilities (who may want to navigate only to interactive elements) or for more 
advanced users (who may want to navigate at different hierarchical levels; e.g., navi-
gating by heading and then switching to element-by-element navigation). To enhance 
the interface, different modes of navigation might be supported, but for modality-
independent interaction the requirement is for linear navigation to all elements. 

3 Discussion 

In the proposed modality-independent interaction framework we outline a simpler and 
more holistic approach to providing basic accessibility across disabilities than by 
trying to follow a myriad of accessibility provisions in regulations and guidelines. 
Designers only need to focus on providing quality modality-independent input, out-
put, and interaction (through appropriate interface styles).  

In this section, we discuss the trade-offs associated with different interface styles 
regarding usability. Additionally, the proposed framework has limitations related to 
tasks that are inherently inaccessible and the current state of technology. We conclude 
this section with a discussion of the benefits and uses of the framework. 

3.1 Interface Style Considerations 

Different interface styles may be suitable for different types of devices, tasks, and 
contexts of use. To determine the most suitable interface style, a designer must  
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balance an interface’s efficiency with the cognitive and memory demands imposed on 
the user. Designers should consider providing multiple interface styles in parallel so 
that users can pick that which fits them best. For example, an interface could allow for 
touch screen use, navigation, and provide direct keyboard shortcuts for efficiency. 

Interface Efficiency. An efficient interface can reduce frustration and increase prod-
uctivity. Efficiency is a function of the interface, the user’s abilities, the method of 
input, and the output provided by the interface.  

Input. Input that is most efficient varies widely between users and tasks. While direct 
single key entry can be very efficient, a large number of choices may be out of the 
range of motion for a user. Command line input can be efficient for large sets of 
choices or functions if the user can generate text fairly rapidly, but can be extremely 
slow if text entry is slow. Navigation might be faster for people who have slow text 
entry but slower for someone who can enter text quickly. Input efficiency is only one 
aspect of overall interface efficiency. Users must also receive output from the system, 
which may be more or less verbose. 

Output. Interfaces with more electronic text output are less efficient to use because 
users must take more time to read or listen to the output. The amount and type of 
output to be provided depends on both the anticipated users and the interface style.  

With both command line and single-keystroke command interfaces, text output 
may range from menus of commands to a simple prompt. A prompt may be efficient 
for an expert user who has memorized many commands or for systems that process 
natural language input. However, many users of such interfaces require more than 
prompts. They may need an explicit menu of the available options (for example, “To 
make a payment, press 1. For your balance, press 2….”) or a method to get help, do-
cumentation, and instructions at any time.  

For a linear navigation interface, the output is a text representation of the element 
that is in focus, giving its purpose in the interface. Such text should include important 
information necessary for operation; for example, the element’s type or role, its cur-
rent status, how it relates to other elements in proximity, etc. Since one is only receiv-
ing system output for a single element at a time (for example, “Payment, button” or 
“Balance, button”), this can be more efficient than systems that present menus from 
which a user must choose.  

Cognitive and Memory Demands. Interfaces place cognitive and memory demands 
on users, some of which may make a particular interface style unsuitable. For exam-
ple, interfaces that require significant memorization of commands or keystrokes are 
unsuitable for novice users and for public kiosk implementations. 

Linear navigation places relatively low memory demands on users because users 
navigate lists of options. When on an element, the user only needs to decide yes or no 
and then activate it or move to another one. However, navigating and then selecting 
may be more cognitively difficult than directly selecting a desired element [13]. 
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Command line and single-keystroke command interfaces allow a user to directly 
select a choice, but people must know the desired command(s). This involves memo-
rizing commands, reviewing help documentation, or carefully listening to or reading a 
menu of options and associated commands. Single-keystroke commands that seem to 
be arbitrarily assigned may be more difficult to remember than command line input 
that uses familiar words or phrases. Natural language interfaces may be easier to use 
because they do not require as much learning and memory as other more structured 
command formats. 

3.2 Task-Related Limitations 

There are limitations to the proposed framework that are inherent to tasks. In these 
cases, changing the interface would be insufficient for accessibility; the task itself 
would need to be fundamentally changed to make it accessible across disabilities.  

It is important to note that tasks with such limitations are not automatically inac-
cessible to all people with disabilities. Instead, such aspects represent barriers to uni-
versal accessibility for some people who have physical or sensory disabilities. 

Time-Dependent. Tasks that depend on time can be difficult or impossible for people 
who interact with or perceive information from systems slowly. It might take the per-
son extra time to move, manipulate, or control an interface. Some people may take 
more time to navigate and find the option they want. Getting information in some 
modalities is inherently slower than looking at a screen and reading text. 

Examples of time-dependent tasks are real-time events such as participating in an 
auction or operating a motor vehicle. Other tasks may have prescribed time limits, 
such as taking a standardized test. Multimedia is inherently time-dependent. Finally, 
many tasks are implicitly time-dependent because people must meet some level of 
productivity and complete tasks in an efficient, timely manner. 

Complex Path-Dependent. It can be difficult for people with sensory and physical 
disabilities to create, trace, or follow a path. A path often takes place in spatial dimen-
sions but may have other dimensions as well (e.g., continuous pressure). While it 
might be technically possible for a person to define a set of points along a path, such 
input is inefficient and may be inaccessible for practical reasons, especially with long, 
complex paths. Some people have difficulty with path input because they cannot see 
the path they are creating or other paths that may already be displayed.  

Some tasks require complex path input, such as using a drawing application. Many 
tasks that require manipulation of a device or interface are path-dependent, for exam-
ple aiming a camera to scan a barcode requires manipulation in three dimensions. 
Some path-dependent tasks can be fundamentally changed so they do not require path 
input. For example, the act of driving a vehicle is a time- and path-dependent task, 
whereas entering a destination into an autonomous vehicle is a text entry task. 

Simultaneity-Dependent. Tasks that depend on simultaneous perception and/or opera-
tion can be difficult for some people with disabilities. People who must use a  
single body part or implement to activate all controls would have difficulty with any 



 Modality-Independent Interaction Framework for Cross-Disability Accessibility 225 

 

simultaneous input. Because of limits to attention, simultaneous output can be difficult 
for everyone to monitor, follow, or track. People with sensory disabilities may have 
additional problems because of limitations of the output modality they need to use. 

Some tasks require a person to be able to perform simultaneous actions. Playing a 
piano involves pressing keys simultaneously to play chords. Other tasks require a 
person to perceive simultaneous streams of information. For example, it is difficult to 
listen simultaneously to a teleconference and a screen reader reading a related docu-
ment. Reading subtitles or captions might be difficult if the text is replaced quickly 
and one is also trying to follow fast action or visually displayed information. 

Experience-Dependent. An input or output experience may be so much a part of a 
task that changing the experience would be a fundamental change to the task. Users 
who cannot perform the particular input required, or perceive the output, will be prec-
luded from the experience and the task. There may be ways of providing equivalent 
functionality and access, but that is not the same as providing the same experience. 

Some tasks require a person to be able to perform specific actions. For example, 
games may have gesture-based controls where making the gesture is part of the gam-
ing experience. Changing the input would fundamentally change the game. Biometric 
security devices require a person to scan a body part that he or she might not have or 
might not be able to present to the scanner. 

Additionally, some tasks require a person to be able to perceive information in a par-
ticular modality. For example the full experience of viewing artwork, watching a movie, 
or listening to music cannot be simply replicated in a different modality or in text. There 
are many types of statistical graphics and data visualizations that require visual pattern 
recognition in order to quickly see trends or patterns that might not be apparent from the 
raw data. While the meaning or interpretation of some simple data visualizations can be 
presented through text, there is not always a clear way to provide more complex data 
visualizations in other modalities. If the modality of the information presented is impor-
tant to its meaning, then the information is experience dependent. 

3.3 Current State of Technology 

In the current state of technology, there is not yet a good, single protocol for AT in-
terconnection. Current input hardware AT typically uses standard human interface 
device drivers on serial or USB ports. Output to hardware AT relies on specific device 
drivers and standard system connections. If AT supported a standard electronic text 
format, device drivers would not be necessary. In order to have cross-disability access 
to people who can bring their own AT, standards would need to be adopted or devel-
oped. Even without a universal AT connection standard, the modality-independent 
interaction framework is still useful today. 

3.4 Benefits and Uses of the Framework 

The modality-independent interaction framework can be used for a number of purpos-
es. Those developing new accessibility APIs or accessible systems can use it to ensure 
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that people with severe disabilities have sufficient interaction (for example, cross-
disability navigation interfaces need a concept of element focus). The framework is 
particularly useful for designers who need to provide built-in accessibility. Those 
designing devices that are traditionally closed to AT could potentially make systems 
fully accessible to people with sensory and physical disabilities through only a simple 
connection. Even on completely closed devices where AT connections are not al-
lowed, the framework could help designers focus on the important characteristics of 
the interface, such as what output text is important and what limited interaction must 
be supported. For example, the important text output could be provided in speech 
output for people who are blind, and navigation could use a simple button set that 
could be used by many people with physical disabilities. 

With the framework, designers only need to design one cross-disability accessible 
user interface for a very wide range of disabilities. It is true that such cross-disability 
access is not optimized for any particular user or disability category, but providing a 
set of disability-optimized interfaces would take significant resources for develop-
ment and maintenance. Some of the compromises inherent in a cross-disability inter-
face could be eliminated through user profiles or settings. Moreover, considerations 
about efficiency or optimization may not be as important for simple public devices, 
like a check-in kiosk. 

4 Conclusion 

In the future, a person might come up to a kiosk in a wheelchair with his AT software 
running on a tablet. Using near field communication, he could establish a wireless 
connection to the kiosk. After connecting, he could then look at the kiosk’s screen and 
use the joystick on his wheelchair to navigate the screens and make selections. 
Another user, who is blind, could go up to the same kiosk and pair her smart phone 
with the kiosk. She might use swiping gestures on her smart phone to navigate the 
kiosk’s modality-independent interface. For each item on the screen, the kiosk would 
transmit text to her smart phone, which would speak to her privately through head-
phones. 

For tasks that do not have inherent barriers to accessibility, the proposed frame-
work simplifies accessible interface design and facilitates a wide range of accessibili-
ty. Additionally, the framework helps designers avoid having to create many separate 
modality-specific interfaces to meet diverse user needs. 
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