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Abstract. While providing non-visual access to graphical user inter-
faces has been the topic of research for over 20 years, blind users still
face many obstacles when using computer systems. The higher degree
of flexibility for both developers and users poses additional challenges.
Existing solutions are largely based on either graphical toolkit hooks,
queries to the application and environment, scripting, or model-driven
user interface development or runtime adaptation. Parallel user inter-
face rendering (PUIR) is a novel approach based on past and current
research into accessibility, promoting the use of abstract user interface
descriptions. PUIR provides the mechanism to render a user interface
simultaneously in multiple forms (e.g. visual and non-visual).

1 Introduction

Over the past few years, our world has become more and more infused with
devices that feature graphical user interfaces (GUIs), ranging from home appli-
ances with LCD displays to mobile phones with touch screens and voice control.
The emergence of GUIs poses a complication for blind users due to the implied
visual interaction model. Even in the more specific field of general purpose com-
puter systems at home and in the work place, non-visual access often still poses
a problem, especially in Unix-based environments where mixing graphical visu-
alisation toolkits is very common. While popularity keeps growing for this group
of systems, advances in accessibility technology in support of blind users remain
quite limited.

Currently available solutions use a combination of toolkit extensions, script-
ing, and complex heuristics to obtain sufficient information to make non-visual
renderings possible [TI2]. Alternative approaches use model-driven user interface
(UI) composition at development time, or runtime adaptation [3/4]. Leveraging
the adoption of UI development using abstract user interface (AUI) definitions
[506], it is possible to build a solid base for providing non-visual access as an in-
tegral component of the UI environment [7J8]. Rather than trying to interpret a
visual presentation in a non-visual context, the renderings are presented in par-
allel from the same abstract Ul description. This also ensures that information
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on semantic relationships between UI elements is available across all presenta-
tions, eliminating problems such as trying to guess what “label” belongs to an
input field in the UL

The Parallel User Interface Rendering (PUIR) technique expands upon Ul
development by means of AUIs by providing a framework in which multiple ren-
dering agents can provide presentations of the Ul in parallel [9]. The application
can remain completely unaware of the specific renderings that are presented to
the user.

While PUIR is rendering-independent, simultaneous rendering in visual and
non-visual modalitities has been selected as the proof-of-concept. This choice
is in line with the overall scope of the research that led to the PUIR design,
and builds on extensive past research on challenges that blind users face when
operating a computer system.

The remainder of this paper first presents related work on GUI accessibil-
ity and UI abstraction. The third section provides a description of the PUIR
framework. This is followed by more in-depth implementation details, and the
conclusion, offering a description of future work.

2 Related Work

Accessibility of GUIs for blind users has been the topic of research for many
years. Mynatt and Weber discussed two early approaches [I0], introducing four
core design issues that are common to non-visual access to GUIs. Expanding on
this work, Gunzenhauser and Weber phrased a fifth issue, along with providing a
more general description of common approaches towards GUT accessibility [I1].

Savidis and Stephanidis researched alternative interaction metaphors for non-
visual user interfaces [12], which formed the basis for the HAWK toolkit [I3]. It
provides interaction objects and techniques that have been designed specifically
for non-visual access. The AVANTT project [4] uses this toolkit in its context-
based runtime user interface adaptation mechanism. Gajos and Weld also pro-
pose a Ul adaptation mechanism [3], approaching the problem of different user
and environment models as a search for the most optimal Ul representation given
specific device characteristics and a user interaction model.

The Visualisation and Interactive Systems Group of the University of Stutt-
gart describes a system for black-box Uls [I4], introducing the concept of re-
placing a user interface by interposing libraries. It shows the power of capturing
Ul information at the application-toolkit crossover rather than obtaining similar
information inside the toolkit implementation, even though the described system
of non-invasive adaptation still depends on programmatic Ul construction.

The use of AUIs in UI development lies at the core of the UsiXML [5] project
at the Belgian Laboratory of Computer-Human Interaction (BCHI) at the Uni-
versité Catholique de Louvain. Earlier work on application Uls and Word Wide
Web forms provides important insights into the obstacles that blind users face
when dealing with user interaction model, as reported by Barnicle [15], Pontelli
et al [16], and Theofanos/Redish [17].
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The concept of parallel user interface rendering as a way to provide non-visual
access to GUIs emerged from doctoral research into the use of abstract Ul defini-
tions as basis for accessibility technologies [7I89]. Stefan Kost’s GiTK project [6]
also builds on the value of UI abstraction to provide dynamically generated user
interfaces. His work briefly touches on the topic of multiple interfaces, offering
some ideas for future work in this area.

3 Parallel Ul Rendering

The PUIR framework is shown schematically in Fig. [l It provides for multiple
simultaneous runtime interpretations of a given abstract UI description. Rather
than constructing the Ul by means of function calls into a specific widget toolkit,
application developers define the Ul in an abstract form, often by means of design
tools. The result is an AUT description in a standardised form (e.g. UsiXML [5],
GIML [6], ...). This description is interpreted by the AUI engine.
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Fig. 1. Schematic overview of PUIR

The presentation of the Ul is delegated to one or more rendering agents, each
providing its own interpretation of the Ul in one or more modalities. This tech-
nique does require the AUI to be able to represent both data and a description of
how to present that data, as suggested by Trewin [I§]. It also promotes the AUI
handling to active component status in order to support rendering-independent
semantics for the UL This also requires the AUI engine to not depend on any
implementation details of the rendering agents.
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Fig. 2. ARCH model adapted for PUIR

Various models for user interface management systems (UIMS) have been
suggested in past research. One model with a reasonably high degree of modu-
larisation is the ARCH model [I9]. The PUIR framework maps well onto this
model, if we account for the novel features that parallel rendering introduces as
shown in Fig. 2l The following five components are identified:

Domain Specific Component: This component is provided by the ap-
plication itself. The PUIR framework does not cover this component, other
than providing a mechanism for the application to interact with the Ul and
to retrieve information from the UI.

Domain Adaptor Component: The abstract Ul description covers this
component. It defines the Ul from the perspective of the application, and
it serves as the source for the AUI engine. The Ul element descriptions can
contain rendering agent specific annotations that control cosmetic aspects of
the element. These annotations are ignored by the AUI engine.

Dialog Component: This function is provided by the AUI engine, an active
component in the PUIR framework. It implements the interaction semantics
of UI elements, it encapsulates the UI data elements, it provides synchronised
event processing for all semantic Ul events, and it implements UI focus
management.

Presentation Component: Rendering agents serve as presentation com-
ponents. The ARCH model does not address the possibility of multiple in-
stances of a specific component. Within the PUIR framework, the collection
of implemented rendering agents constitutes the presentation component of
the ARCH model.

Interaction Toolkit Component: Each rendering agent utilises a toolkit
that provides functionality to present the Ul elements in one or more output
modalities. In terms of the ARCH model, every instance of the Presentation
Component is associated with an Interaction Toolkit Component.
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The parallel rendering that PUIR provides imposes important requirements
on the UIMS design. Not only does it require a well defined application pro-
gramming interface (API) between the AUI engine and the rendering engine, it
also requires a modified way to handle input device processing.

The AUI engine implements the user interaction semantics of the UI elements,
their interactions, and input focus (i.e. what UI element receives textual input).
Some input devices relate directly to one or more modalities handled by a specific
rendering agent while others are more independent:

— Mouse operations are inherently graphical in nature, operating in the two
dimensional graphical space in which the UI is rendered. Positional infor-
mation needs to be processed by the rendering agent, and where needed
semantic events will be dispatched to the AUI engine.

— Braille keyboard input usually combines coded input (Braille cells) with
a limited form of cursor addressable input (positional input). The coded
input gets translated into textual input, and can then be handled as regular
keyboard input.

— Keyboard input is not directly related to any specific rendering agent. It gets
interpreted in terms of focus on a specific Ul element.

4 Implementation

A proof-of-concept implementation of the PUIR framework has been imple-
mented in Java, as a generic UI toolkit. It provides 25 UI elements that are
commonly used for applications, such as buttons, text input fields, labels, ed-
itable combox-boxes, mutually exclusive toggle lists, ... The rest of this section
describes important implementation details.

4.1 The AUI Engine

The AUI engine interprets an abstract Ul description provided in an XML file,
and constructs the user interface. The application can operate on its Ul by mak-
ing direct calls to elements at the AUI level. In return, the AUI engine dispatches
events to the application to provide notification of various state changes. The
AUT engine also implements focus management.

Interactions between the AUI engine and rendering agents are also handled
through event dispatching, whereas direct calls from rendering agent objects to
AUI engine objects are used to query specific information. This design supports
the requirement that the AUI engine has no knowledge about the implementation
details of the rendering agents.

4.2 Rendering Agents

The PUIR framework requires that rendering agents implement a specific API.
The experimental implementation provides for in-process rendering agents and
remote rendering agents. Events dispatched by the AUI engine are sent to all
rendering agents for processing, to ensure consistency between the presentations.
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In-Process Rendering Agents. The proof-of-concept implementation pro-
vides a Java Swing based in-process rendering agent. Due to the design of wid-
gets in the Swing toolkit, the rendering agent turned out to be quite complex.
The PUIR framework requires user interaction semantics to be handled in the
AUI engine, whereas Java Swing widgets implement semantics within the toolkit.
Various aspects of widget functionality have been bypassed to ensure that any
and all interaction with the Ul elements is triggered by events dispatched from
the AUI engine.

The swing rendering agent provides a graphical presentation of the Ul, and
implements an interaction model for mouse operations. While most mouse events
are ignored because they have no semantic significance, select events are trans-
lated into their PUIR equivalents and dispatched to the AUI engine.

Remote Rendering Agents. A speech output presentation of the Ul is pro-
vided as a remote rendering agent, communicating with applications by means
of a message bus. Regardless of the number of remote rendering agents, only
a single stub is instantiated within the application. The message bus handles
multiplexing between applications and remote rendering agents. The custom
communication protocol provides for mutual discovery, event passing, and re-
quest/response dialogues.

The actual rendering agent operates on a proxy of the actual Ul, providing
both transparency and caching.

4.3 User Input
The proof-of-concept implementation supports three input modalities:

— Keyboard input: this is processed directly at the AUI engine level. While
this is a simplification of the design, it does not actually impact the expected
functionality.

— Mouse input: as described above, mouse input is processed by the in-process
graphical rendering agent. Relevant events are presented to the AUI engine
for processing.

— Braille keyboard input: Braille input (albeit in coded form) is transcribed
into equivalent keyboard input, and presented to the AUI engine as if it were
entered on a regular keyboard. Positional input by means of cell selections
keys is translated into its equivalent semantic PUIR event, and presented to
the AUI engine.

Regardless of the delivery path, input is processed by the AUI engine, and any
results are broadcast to rendering agents (and often the application) by means
of events.

5 Testing

The design and implementation of the PUIR, framework has been tested through-
out its entire development cycle, both in terms of functionality and correctness.
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Basic unit testing was conducted by comparing the functionality of Ul test cases
implemented both using the PUIR framework and as Java Swing applications.
This testing has proven to be extremely important in view of the complexity
of interfacing with existing user interface toolkits (such as Java Swing), and in
terms of verifying the accuracy of the chosen abstractions.

The project is currently entering the stage of real user testing, to assess the ef-
fectiveness of the PUIR framework in providing blind users access to applications
with graphical user interfaces, and to assess whether it successfully promotes ef-
fective collaboration between users.

6 Conclusion

Parallel user interface rendering is proving to be a very powerful technique in
support of the Design-for-All principle. It builds on a solid base of research and
development of abstract user interfaces, and provides a framework where alter-
native renderings of the UI operate at the same level as the native rendering
rather than being a derivate. The coherence between the renderings supports
close collaboration between users because they can communicate about inter-
acting with an application based on a substantially similar mental model of the
user interface.

The PUIR framework can contribute to the field of accessibility well beyond
the immediate goal of providing non-visual access to GUIs. The generic approach
behind the PUIR design lends itself well to developing alternative rendering
agents in support of other disability groups. Because rendering agents need not
necessarily execute local to applications, accessible remote access is possible as
well. The PUIR framework may also benefit automated application testing, by
providing a means to interact with the application programmatically without any
dependency on a specific Ul rendering. functional access to GUI applications.
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