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Abstract. The accessibility issues of Groupware applications prevent visually 
impaired and other persons with disabilities access to these highly graphical in-
terfaces. To address the accessibility issues persons with disabilities have with 
Groupware, a recent literature review on Groupware accessibility was per-
formed. This paper reviews recent research to identify the accessibility issues; 
the input devices and output forms utilized to improve accessibility; and, the 
proposed solutions for Groupware accessibility. The conclusion is that encapsu-
lating or overlaying the Groupware interface with an accessible auditory inter-
face was a common solution to accessibility. Future research is needed in the 
following areas: guidelines for accessibility; identifying accessibility issues that 
users with disabilities may face; promoting awareness of the accessibility is-
sues; evaluating groupware accessibility; design of accessible auditory inter-
faces; system/software support for persons with disabilities working in  
isolation; support for alternative input and output devices for persons with  
disabilities.  
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1   Introduction 

According to a report by the U.S. Census Bureau [26], about 12.8% of the people in 
the United States between 21 and 64 years of age have at least one type of disability. 
Only 17.6% of the people with employment disabilities are employed [27]. With the 
trend of globalization today, it is more likely that a person in one organization will 
collaborate with other persons in other locations. The primary concerns for persons 
with disabilities are whether or not the groupware applications they are using in the 
workplace are accessible and usable. If groupware applications used in the workplace 
are not accessible, it will increase the difficulty persons with disabilities encounter in 
the work place. However, accessibility of groupware applications has received little 
attention in literature and research.  

This paper presents a review of the latest groupware accessibility literature. Acces-
sibility issues related to groupware are identified. The input devices and output forms 
utilized for improved accessibility and the proposed solutions to improve accessibility 
are discussed.  
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2   Groupware 

Computer Supported Cooperative Work (CSCW) is the study concerned with support-
ing the communication, coordination, collaboration and competition of persons work-
ing together in a shared time and space [20]. Collaborative software, also referred to 
as groupware or workgroup support systems, is software designed to help people in-
volved in a common task achieve their goals [39]. Software, such as email, calendar-
ing, text chat, and wiki, are examples of groupware [39]. Groupware systems have 
come to be widely used in the office environment for tasks such as mail exchange and 
document sharing for many years [23]. Email, chat, or news groups have become key 
applications for most computer users [11].  

2.1   Categorization of Groupware 

There are many ways to categorize groupware systems in the literature. The most 
commonly cited framework is the time / place matrix (Table 1), where groupware 
applications can be evaluated by time (same time, synchronous or different time, 
asynchronous) and place (same place, local or different place, distributed). Group-
ware that supports same time / same place (synchronous local, face-to-face)  
collaboration can include the following types of applications: control rooms, wall 
projectors, and meeting rooms. Applications, such as chat, text messaging, and 
video / audio conferencing, are mainly used for same time / different places (syn-
chronous distributed) collaboration. Different time / same place (asynchronous  
local) groupware can include the following types of applications: logs, team sched-
uling, and group calendars. Different times / different places (asynchronous  
distributed) groupware can include the following types of applications: e-mail,  
newsgroups, discussion boards, conferences, blogs, wikis, and other forms of online  
communities [6].  

Previous research on groupware applications can be summarized as it relates to the 
time / space matrix (Table 1).  

Table 1. Time and place categorization of groupware [3, 6, and 20] 

 Same Time  
(synchronous) 

Different Times  
(asynchronous) 

Same Place (local) Collaborative manipula-
tion research by Tse [25] 
and Winberg [40] 

 

Different Places  
(distributed) 

Chat, synchronous dis-
cussion in e-learning, and 
web discussion boards 
by Hampel [11], 
Woodfine [41], Watters 
[32] and Thiessen [24]. 

Blog, email, and digital 
library access by  
Watanabe [31], Talagi 
[23] and Luk [15]. 



406 J.G. Schoeberlein and Y. Wang 

3   Accessibility 

3.1   Persons with Disabilities User Group 

A person can have any number of disabilities. The disabilities may include: the blind 
or visually impaired; the deaf or hearing impaired; persons with speech impairments; 
coordination, dexterity or mobility impairments; and, cognitive disabilities like  
dyslexia [33].  

3.2   Adaptive Technology for Persons with Disabilities 

Various adaptive technologies are available to assist users depending on the disabili-
ties they have. The discussion of adaptive technologies is to present the needs of per-
sons with disabilities and the available solutions.  

For the blind or visually impaired, speech enabled devices, such as talking com-
puters, that use screen readers to read may help. Additionally, Braille writing devices 
and displays are available to provide feedback to the blind in a coded form that the 
blind can interpret while enlarged images and enlarged text are available to assist with 
reading for persons with some low vision capabilities. 

For the deaf and hearing impaired, closed captions [35] and telephone typewriter or 
teletypewriter (TTY) [34] devices are available. TTY is a telephone with a typewriter 
interface, used by the deaf to communicate text-to-speech. Closed captions display 
text on the screen for the deaf and hearing impaired to read.  

For persons with speech impairments, computers provide speech through speech 
synthesizers [36]. A speech synthesizer converts text-to-speech, by converting text to 
an artificial human voice to produce speech.  

For persons with coordination, dexterity and mobility impairments, speech recog-
nition software [37] is utilized to provide hands-free interaction with the computer. 
Speech recognition software converts speech to machine readable binary code or to a 
string of text.  

For cognitive or learning disabilities, such as dyslexia, reading and writing soft-
ware assist with reading and writing difficulties. Software for reading includes a 
speech synthesizer which converts text-to-speech. Software for writing includes 
speech recognition software to convert speech-to-text.  

3.3   Guidelines for Accessibility 

Accessibility guidelines have been developed in regard to accessibility for persons 
with any number of disabilities: visually impaired; cognitively impaired, like dys-
lexia; motor difficulty; deafness; and, seizures. The following guidelines are proposed 
for accessibility: U.S. Government’s Section 508 guidelines; World Wide Web - Web 
Content Accessibility Guidelines, W3C WCAG 2.0 [30]; The United Kingdom’s Spe-
cial Education Needs and Disabilities Act, SENDA, requires “reasonable adjust-
ments” [21]; Web Accessibility Initiative – Accessible Rich Internet Applications, 
WAI-ARIA, for Web page live regions [29]; and, The National Federation of the 
Blind’s [17] guidelines for web application developers [5].  
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These guidelines and special technologies and techniques (screen readers, text-to-
speech software, text-to-Braille software, auditory interfaces, hierarchies [31, 32] and 
gaze-based pointing [4]), are combined to assist persons with disabilities when ac-
cessing groupware and other applications.  

Although guidelines are available for accessibility for persons with disabilities, 
these guidelines focus mainly on web applications and development. Groupware ap-
plications may be developed as web applications or they may be developed as tradi-
tional console-type or window-type Graphical User Interface (GUI) applications. 
However, no guideline was found in the literature that discusses on what a console-
based or a window-based application should follow in terms of the application’s ac-
cessibility.  Accessibility guidelines should be developed in regard to traditional con-
sole-type and window-type GUI applications.  

4   Current Support and Research in Groupware Accessibility 

4.1   Groupware Applications and Disabilities 

Previous research, in most cases, is focused on a specific Groupware application with 
a specific disability in mind. Winberg [40] studied collaborative manipulation for the 
visually impaired. Hampel [11] and Thiessen [24] studied chat for the visually im-
paired. Woodfine [41] studied e-learning for the dyslexic. Watanabe [31] studied 
blogs for the visually impaired. Takagi [23] studied email for the visually impaired. 
Luk [15] studied digital library access for the visually impaired. The variety of the 
Groupware applications selected was broad; however, the disabilities studied were 
narrow.  

The visually impaired were the most often studied disabled group when collabora-
tive software is involved. Seven studies [11, 15, 23, 24, 31, 32 and 40] included the 
visually impaired in their research. Dyslexia was studied by Woodfine [41]. No re-
search on the support of other types of disabilities for collaborative activities was 
found during this literature research. There appears a need to broaden the disabilities 
studied in regard to Groupware accessibility.  

4.2   Groupware Accessibility Issues Studied 

Groupware accessibility issues, reported by previous research, all point to the need to 
diminish the complexities of the GUI, to control the speed and location of communi-
cations, and to reorganize the content in a meaningful way for orientation. Winberg 
[40] studied orientation with the interface, to provide a mental model of the interface. 
Hampel [11] studied spatial arrangements of the GUI; the difficulty of converting 
Braille; overlapping windows; exploring in 2-D space; too much unstructured infor-
mation; and, graphical messages. Woodfine [41] studied Fast-paced synchronous 
communications of an e-learning environment. Watters [32] studied accessibility is-
sues related to graphical content and the need for text alternatives; web page tables 
and frames without descriptions; the need to support keyboard access; and, the sup-
port of text-to-speech. Thiessen [24] studied accessibility issues related to live regions 
and arbitrary content updates of web pages. Watanabe [31] studied memorizing words 
as they are spoken, by a speech synthesizer, causes listening and pace issues; and, 
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cognitive overload. Takagi [23] studied highly visual graphical interfaces and their 
limited use with screen readers. Luk [15] studied Orientation to the user interface; 
spatial relationships are not explicit; spatial clustering; too many details; sequential 
presentation of information; and, precise information retrieval.  

4.3   Discussion on Design 

Groupware design for accessibility can be summarized into the following categories: 
guidelines; presentation; organization; and, control. The most frequently cited design 
guideline for accessibility includes W3C WAI-ARIA [29] and W3C WCAG 1.0/2.0 
[30, 31, and 32]. Accessible groupware design related to presentation includes: sup-
port of auditory assistive tools and accessible front-end applications [11, 23, 31, 32]; 
and, utilize male and female voices in audio output to add emphasis or distinction 
[11]. Accessible groupware design related to control includes: saving information 
[11]; and, synchronous control [41]. Saving information in electronic form, for later 
review or printing on a Braille printer, was seen a necessary by persons with disabili-
ties [11]. Synchronous control was identified as necessary for an e-learning environ-
ment to be adequate for persons with dyslexia [41]. Accessible groupware design re-
lated to organization includes: lists, hierarchies, remove duplication and spatial clus-
tering [15, 31, and 32]. Lists, hierarchies and special clustering are techniques identi-
fied and utilized to improve the accessibility and usability of groupware interfaces for 
persons with disabilities [15. 31, and 32]. Additionally, the removal of duplicate Web 
page links was seen as necessary, to filter out unnecessary links for persons with dis-
abilities, to avoid memory overload [31]. Designing accessible groupware applica-
tions should include all of these characteristics.  

4.4   Awareness of Accessibility Issues of Persons with Disabilities 

Some researchers [11 and 12] have promoted awareness of accessibility issues with 
their research, but more work is needed in this area.  

Harrison [12] presented a challenge to her sighted students to include the accessi-
bility requirements into their Web page designs. The goal of this research was to in-
corporate into a web page design course the inclusion of screen reader requirements 
and W3C WCAG 1.0 Guidelines. The research developed some insight related to the 
different ways in which sighted and visually impaired users interact with web pages.  

Hampel [11] created a prototype tool known as, “SimBraille,” to introduce sighted 
persons to a simulation of what is it like to read a Braille display. This insight may 
help in the development of Human-Computer Interfaces which incorporate the special 
needs of persons with disabilities.  

4.5   Evaluating Groupware 

Bishup [2] presented a survey and comparison of groupware applications: Nomad [3]; 
Novell iFolder [18]; SubEthaEdit [22]; Microsoft SharePoint [16]; CoCoDoc [13]; 
BSCW [1]; and, xpeers [42], and indicated a number of criteria for evaluating 
Groupware. The goal of this research was to present the current state of groupware 
applications as they relate to: architectural; temporal; user involvement; functional; 
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focus; and, platform criteria. The accessibility of groupware was not considered by 
Bishup as a criterion for evaluating groupware. 

Previous researchers reported using a different set of criteria or guidelines (archi-
tectural, temporal, user involvement, functionality, focus and platform), when evalu-
ating groupware [2]. No discussion was found in the literature that considered the 
different requirements for window-type, console-type or web-based applications ei-
ther. There is a need to come up with a set of guidelines that are tailored to determine 
the accessibility of Web-based, console-type and window-type groupware applica-
tions. It is the intention of the authors to present their recommendations for accessibil-
ity guidelines.  

The authors believe that prior solutions can be used as criteria for evaluating 
groupware applications that are console-type, window-type and Web-based. 

Console-type and window-type GUI (Windows, Mac) applications should be 
evaluated against the following set of guidelines:  

• Support the use of accessible front-ends [11,23,31,32];  
• Present lists [31,32] of choices in a flat structure rather than in multiple tiers of 

hierarchies;  
• Support text-to-speech [11,23,31,32] software;  
• Support text-to-Braille [11] software;  
• Adapt to Screen reader [32]; and,  
• Support keyboard access [11, 15, 23, 24, and 31].  

Web-based groupware applications should be evaluated against the following sets 
of guidelines:  

• U.S. Government’s Section 508 guidelines; 
• W3C WCAG 2.0 [30, 31 and 32] compliance;  
• WAI-ARIA [24] compliance;  
• Apply an accessibility tool, like Fujitsu’s Web Accessibility Inspector [8], to the 

web pages; and,  
• Compatible with Screen readers [32] and audio output [11, 23, 31, and 32].  

4.6   Input Support 

Groupware research in regard to input support included: hand gestures and voice 
commands; keyboard access; and, mouse access with auditory clues.  

Tse’s [25] research focused on hand gestures and voice commands from pairs of 
people interacting with a multimodal digital table. The design implications are to in-
clude in the user interface the ability to accept voice commands and hand gestures for 
groupware to facilitate the needs of persons with disabilities.  

Watanabe [31] considered keyboard access in his design of the VoiceBlog. Key-
board accessibility was accommodated and standard windows function keys were 
provided, like the alt key to select a menu, the arrow key to parse the menu, and the 
enter key to select an item. 

The majority of the research [11, 15, 23, 24, and 31] provided keyboard access as 
an input tool for persons with disabilities. This is not surprising, since the keyboard is 
traditionally the most common input device, besides the mouse. The significance of 
the keyboard in regard to accessibility is that the keyboard is the main input device 
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used by persons with disabilities and the W3C WCAG 2.0 Accessibility Guidelines 
[30] require the availability of a keyboard for accessibility. 

Winberg [40] introduced auditory clues, in the form of varying tones, when the 
mouse device was moved by the visually impaired. The varying tones assisted persons 
with disabilities in orientation and task completion.  

4.7   Output Forms Supported 

Groupware research in regard to output support included: Braille displays; speech 
synthesizers; and, haptic interfaces. 

Hampel [11] utilized a Braille command line driver, “brlTTY,” to control the speed 
and presentation of the Braille. A series of short-cut keys were pressed to control the 
amount of Braille that was displayed, to avoid the text from jumping or jittering as the 
text was received.  

Hampel [11] incorporated a speech synthesizer in BIRC named “Festival,” a free-
ware library available for Linux. Watanabe [31] presented evidence that a universally 
designed voice browser, using speech synthesizer software, could be developed to 
work effectively with structured information like blogs and assist visually impaired 
users in interacting in blog communities. Takagi [23] presented, Notes Reader, a tool 
that is utilized to enable visually impaired access to email, using a speech synthesizer 
to read the content of emails. The most common output format of the Groupware ac-
cessibility research was auditory [11, 21, 23, 29, and 38] provide by a speech synthe-
sizer. Persons with Dyslexia and other cognitive disabilities and blind persons would 
benefit by the use of an auditory output format.  

The MICOLE Project [14] was developed to explore an architecture that included 
multimodal multi-user applications to support visually impaired children. The MI-
COLE Project provided support for visual, audio and haptic feedback. The PHAN-
ToM Omni and the VT Player Mouse provide the tactile feedback. Haptic feedback is 
an alternative mode that has promise for the Blind and visually impaired. 

4.8   Solutions 

Solutions for Groupware accessibility for persons with disabilities focused on some 
form of assistive tool or assistive technique. Assistive tools and techniques were 
common thread solutions proposed throughout all of the research presented.  

Most of the assistive tools [11, 15, 23, 24, 31, 32 and 40] provided a middle-layer 
of intervention, in the form of accessible front-end applications, between the person 
with a disability and the original application to diminish the GUI complexities and to 
reorganize the information.  

Structure content (in a easy to follow manner) as an assistive technique [11, 15, 23, 
24, 31, 32 and 40] was a solution proposed for assisting the visually impaired orient 
and provides a mental model of the interface. Organizing information in a logical 
manner is important to facilitate a mental model of the interface for the visually im-
paired and other persons with disabilities. The organization of information into hier-
archies [31], lists with previous and next references [32], and queues [24] provides an 
orientation to the interface by persons with disabilities. Memory overload may be 
reduced, since the visually impaired person does not have to memorize lists.  
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In addition, W3C WCAG accessibility guidelines and W3C WAI-ARIA guidelines 
were utilized in web-based solutions [24, 31 and 32] to provide accessibility to the 
visually impaired.  

5   Summary 

This paper summarized recent research on groupware accessibility including guide-
lines used to evaluate accessibility issues, ways to raise the awareness of accessibility 
issues, various input and output technologies being supported with consideration of 
the needs of people with disabilities, and other solutions proposed to improve the ac-
cessibilities of groupware applications. By critically looking at previous research, 
future research directions are identified. This research serves as the first step in the 
investigation of groupware accessibility. More research is needed. Table 2 below pre-
sents a summary of future needs and recommendations in the groupware accessibility 
research area. 

Table 2.  Future needs and recommendations 

Research Areas Research Directions 

Guidelines for  
accessibility 

Research is needed to determine the guidelines for  
accessibility and to categorize the guidelines based on the 
interface. 

Identify accessibility 
issues of persons with 
disabilities 

Research should continue to identify accessibility issues as 
new interfaces are developed. 

Awareness of  
accessibility issues. 

Research should promote Groupware accessibility awareness. 

Evaluating Group-
ware 

Research should continue evaluating Groupware applications 
to determine any new perspectives for accessibility. 

Accessible audio  
interface 

Research is needed to determine, if an accessible front-end 
application with speech capabilities is preferred over the 
original application using a screen reader, like JAWS? 

Reduce the  
complexity of GUIs 

Research should continue to evaluate techniques for reducing 
the complexities of the GUI.  Assistive tools can be placed 
between the person with a disability and the original GUI. 
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