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1 Introduction

In a very short time the World-Wide Web (W3) has become a very important component of our industry, commerce, educational infrastructure, and daily life. While the W3 has rapidly become an enabling technology for most people, the visual nature of Web browsers makes the Web inaccessible to visually impaired individuals. A number of screen readers (e.g., Window-eyes and Jaws) have been adapted to work with Web browsers, however, they do not make the W3 fully accessible to the visually impaired (Brashers & Bargi 1998). This is primarily because they are mere adaptations of pre-existing tools for reading out text on the screen; they do not adequately take into account the structure within a Web page (e.g. tabular information, and frames within Web pages). While the group of visually impaired individuals may appear small, it is not quite so, since with dramatic extension in life expectancy, more and more senior citizens are joining this group. Thus, developing Web browsers that are accessible to visually impaired people is of utmost importance.

In this project we propose a novel approach make W3 pages more accessible to visually impaired individuals. These techniques will be developed taking the structure within a Web page into account. In particular, we will research and develop techniques so that frame-based pages as well as tables found in Web-pages become highly accessible to blind individuals – most Web-enabled screen-readers fail to convey the spatial structure of frames and tables in a satisfactory way. Our techniques are based on parsing and analyzing the HTML structures that constitute a page (containing tables and frames) to produce semantic tree-based structural representations. Our tool will then appropriately support navigation of this structural representation to produce appropriate output, such as sound and speech. Particular attention will be paid to representing tables since tabular information has been recognized as one of the hardest to convey to a blind person. This is primarily because of the structural information that is implicit in a table, which is lost if the table is linearly read out, as done by most current screen readers. 

In the recent past, the burden on allowing non-visual accessibility was placed almost exclusively on the final user, and realized through the use of assistive software and devices. The more recent trend has been to shift this burden on the Web developers (e.g., through the accessibility elements in HTML 4.0 (Raggett et al. 1998)). Similarly, most of the guidelines for Web accessibility (e.g., WAI initiative (Vanderheiden et al 1998)) now provide Web developers directions for guaranteeing accessibility. In this project, we will adopt a middle-of-the-road approach. The extra information needed for accessibility will be partially extracted using structural analysis of the HTML code, the rest will be required from the W3 page author (or from a third party). A visually impaired user's preferences will be taken into account when deciding how to output a particular page. The structural information (or hints for comprehending the table) to be conveyed is formalized as a hierarchy tree in our approach. A graphical toolkit, integrated with a Web authoring tool, will be designed that will interactively allow the author to produce this hierarchy tree. The hierarchy tree will be employed to appropriately interpret the HTML structures representing tables and to provide improved accessibility to visually-impaired users.

The tools that we will develop will employ programming language semantics-based techniques, as the task of interpretation requires assigning appropriate meaning to the HTML code; in the case of blind users, we wish to assign a meaning to HTML text that is understandable to a visually impaired person.

2 Project Description

To allow navigation of tables, we need to solve two interdependent problems. First we need a data representation which captures the structure of the table and of its components (headers, footers, etc.). Second, we need a representation of the search strategies to be used for navigating the table. The visual structuring of the table implicitly suggests the directions in which navigation should take place. E.g., row and column headers provide indexing mechanisms to access the table, and colors highlight parts of the table to be looked at first. In this project we will develop a uniform representation scheme which captures both these aspects. The structural representation relies on the use of a tree-based hierarchical encoding of tables (hierarchy tree). Each table is encoded as a tree containing three sub-trees: 1. descriptive table information (e.g., title, number of dimensions), 2. indexable description of the table (an n-dimension structure storing the table’s cells), and 3. navigation information - multiple hierarchical views of the table represented as separate trees, each describing different ways to access the table. The different levels in each hierarchy identify progressively more precise areas of the table. Consider for example the table and hierarchy tree in Figure 1. The Navigation sub-tree suggests that first the focus should be on the average column, then on the entries in the today row and then on the rest of the table. Multiple views of the table are possible, and each will be represented as a separate Navigation sub-tree.

Although HTML 4.0 has introduced a number of features which allows the creation of highly structured tables, HTML is too rigid and unstructured. The tree representation devised here is meant to provide a more flexible encoding of the structural and semantic information encoded in the table. In this project the tree representation will be explicitly created and kept associated with the document (as part of it or as an out-of-document link). The structural representation will be encoded as RDF meta-data (Brickley et al 1998). 
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Figure 1: Table and Structural Representation

2.1 Two Dimensional  and Multi-dimensional Tables

The first issue in the design of the structural representation of the table is the identification of the descriptive information. We can distinguish different types of descriptive information. Global and Local information provides textual description of the table and of each cell (e.g., using summary and title attributes). Indexing information denotes rows/columns of the table as headers (using the THEAD and TH HTML elements), thus providing a description of the dimensions of the table. Generally, it is possible to define any cell as header and place it anywhere inside the table. The effect of the header element can be controlled using the scope and headers attributes. The large majority of tables (e.g., HTML 3.2 compliant) are regular, i.e., they explicitly identify header rows/columns, and they do not use irregular HTML constructions (e.g., scope, headers). The explicit presence of the header information allows one to easily construct the indexing component of the structural representation (as in Figure 1). In absence of additional information, these headers will provide indexing/navigation into the table. The positioning of the header rows/columns in the table may also have a semantic meaning and will be used to partition the table in sub-tables. In absence of additional semantic information on the content of the table, a generic search strategy will be provided to the user. The strategy relies on using the header information as indices into the table – i.e., select dimensions and cells by scanning the header rows/columns. 

HTML 4.0 allows the creation of irregular/multi-dimensional tables. An irregular table is characterized by the presence of indexing/header information irregularly located across the table. This can be achieved either by placing header cells anywhere in the table (each indicating the scope of their description) or by letting each cell nominate its header elements. In both cases the index elements can be used to logically partition the table, associating collection of cells to the corresponding header elements. 

Multi-dimensional tables are encoded through the combined usage of the axis and headers attribute. The axis attribute is associated to headers cells and indicate the dimension for which the cell is providing header information. The headers attribute is associated to the data cells and indicates the header cells that are relevant for the current cell. In these cases, the axis will provide the different levels in the navigation strategy, while the headers will be used to place cells as leaves in the hierarchy. The situation can be more complex than in the examples here. Multidimensional tables can be developed using exclusively the headers attribute, without naming the different dimensions, or the dimensions can be identified in other ways (e.g., using different colors). In these cases, the multidimensional structure of the table will be recursively processed and multiple navigation hierarchies will be generated.

2.2 Explicit Creation of Meta-Information

One of the goals of this project is to allow either the author of the documents, or a third party, to supply additional information to improve accessibility of the table. This individual, called the annotator, will be able to supply different classes of information. The simplest case is the addition of global and local textual table description. More importantly, we will allow the annotator to add header rows and columns to an existing table (indexing information). Similarly, the annotator will be allowed to highlight arbitrary cell locations and mark them as header cells. The scope of a header cell will be specified by first double-clicking on the header cell and then by highlighting the part of the row or column affected by the header cell. Finally, the click&highlight mechanism will also allow the annotator to describe a multidimensional table; this goal will be achieved by first identifying and naming the headers for the different dimensions, and successively by associating to each cell in the table its headers elements. This information will be used to incrementally construct the meta-data representation of the table.

An additional important activity that the annotator will be able to perform is the explicit description of navigation strategies for the table. This will be achieved by allowing the annotator to highlight parts of the table and drag-and-drop them in a graphical representation of the incrementally constructed hierarchy.

2.3 Table Navigation

The structural and semantic description synthesized through the analysis of HTML code can be easily navigated by traversing the navigation components of the structural description. Each of these provides a hierarchical decomposition of the table. Navigation will be keyboard driven, through special action assignments to the function keys and keys in the numeric keypad (Hendrix and Birkmire 1998). Various additional activities are possible at this stage. From the structural representation it is possible to recompose the table in a form that will emphasize the salient information - e.g., by removing unnecessary cells from the focus of the navigation. Semantic knowledge about the content of the table will be used to provide advanced summarization features (e.g., provide average and max functions for rows/columns of a numeric table) and drive navigation.

2.4 Handling Frames

Current screen readers are unable to flexibly switch between frames. The page author can overcome this problem by providing an alternative frame-free structure, but this alternative is not compulsory. Most non-visual browsers (DeWitt & Hakkinen 1998, Asakawa & Laws 1998) avoid the problem by reducing the frames to a linearized collection of links. In our approach, we will apply the technology developed for tables to the case of frames. A frame structure is parsed and a hierarchical structure is created which encodes the hierarchical organization of the frame set. If no additional information is provided then the frame structure is seen as a two-dimensional and index-free table. The components of the frame will be treated as table cells and navigated accordingly. Nevertheless, the page authors are (Vanderheiden et al 1998) to provide frames documentation. We will allow the use of meta-data to provide additional guidance for the navigation of the frame structure. The meta-data will specify priorities between the different components of the frame-set, and possibly link a collection of pages as members of a single frame cell. 

3 Technology and System Organization

The system will be organized in two subsystems. The first subsystem will be in charge of synthesizing structural descriptions, combine them with semantic descriptions, and provide navigation facilities. This component will be integrated in Netscape. The second subsystem will be a graphical tool that allows one to edit or annotate a page and synthesize the structural and navigation information for tables and frames. Building and processing of structural descriptions will rely on semantics-based approaches and on modern parsing, interpretation and compilation technology.  Our approach for developing the browser will be the following: We will first develop an analyzer for HTML that captures implicit structural information. The analysis process will rely on the use of a logic-based Web framework (Pontelli & Gupta 1997) and logical denotations (Gupta 1999), a powerful framework for program analysis and verification. The output of the analyzer will be interpreted appropriately. The process of interpretation can be seen as an exercise in semantics since it involves assigning meaning to HTML structures (e.g., audio output instead of a graphical representation). Our semantics based approach allows us to handle every aspect of accessibility within a single framework.
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