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Abstract

The Internet relies on visual communication and thus causes difficulties to the Visually Impaired. Many Visually Impaired people access the Internet, particularly the World Wide Web (WWW), by listening to synthetic speech generated from machine-readable text. For ordinary text this works well. This is not, however, the case when reading tabular material; tables have many different forms of structure and many different ways of usage, and support a multiplicity of tasks. 

This project addresses the problems Visually Impaired people have in browsing and reading tables and proposes solutions. We first analyze tables in order to understand the tasks undertaken by Visually Impaired people when browsing and reading tables and we review the recent technological advances in order to determine the capabilities they provide and their inefficiencies. These frameworks form the basis of a system developed to browse and read tables. The aim of the system is to enable Visually Impaired people access to tables as sighted people do and is named as EVITA, which stands for Enabling Visually Impaired Table Accessing. Finally we describe an experiment that was conducted for evaluating the system.
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Introduction

The Internet is an information resource where vast amounts of information of various kinds are provided easily and quickly. The World Wide Web in particular has become a popular communication medium. It contains different kinds of information for different purposes such as educational information, regularly updated newspapers and magazines, information about companies, individual home pages, etc. 

One of the greatest problems that Visually Impaired people face in trying to live in the society is the lack of information resources. Thus the potential of the web can be considered as a new information resource for Visually Impaired people. They can gain access to information that they could not obtain before [2]. For example, they can read newspapers at the exact time they are published on the web. Furthermore they can get the information when they want and when actually they need it.

Within the few years, visual presentations of information within web pages became sophisticated; ‘there has been a discernible shift on the World Wide Web from the basic text pages to the use of more complex information structure techniques such as lists, tables and frames, and multimedia elements such as image maps, video and virtual reality’ [28]. These techniques increased the functionality, usability and information richness for the sighted people. But on the other hand for Visually Impaired people, they increased the complexity and renewed the old problems that were previously encountered during information access. The question is not anymore to get the documents produced from the scratch in a completely different form (Braille, audio, large print) but rather to have an alternative access to the same information sources [5].

There are currently several available technologies that allow Visually Impaired users to access the Internet [25]. Screen readers, such as Henter-Joyce’s Jaws [22], Berkeley Access’s Outspoken [27] and IBM screen reader/2 [18], is one of them and can be used together with Internet browsers (Netscape Navigator, Mosaic or Internet Explorer) for accessing web pages. A screen reader is a software application, which reads the active window of the user. Some screen readers have relied on the visual representations of web pages as the basis for audio rendering. Internet Browsers (Netscape Navigator, Mosaic or Internet Explorer) create web pages (visual presentations of HTML files) and screen readers do the audio renderings from these visual renderings. Since they only have access to the text on the page, and not the underlying HTML source, they cannot recognize HTML elements like images, tables and scripts. But some elements like tables, are important in a way that they are necessary for understanding the document’s overall structure and content. Moreover, tables may be rendered incorrectly because as we will indicate in Chapter 2 each table can be accessed in different ways. There is no general way of accessing information in the tables; it depends on the information and the organization of the data. Screen readers simply read across a page. So, a screen reader will read part of one column and then, instead of moving down that column to read the rest of sentence will move straight across to the next column and read the information. It will not distinguish categories of information and may spell out words from cell blocks without even distinguishing a space between words, since the reader does not recognize the division of the cell block [23]. There might be a word wrapping problem, that is reading sentences on the same row from different columns as one sentence with these kinds of audio rendering, since they will read across the page [36]. For example, Table 1.1, shows the advantage and disadvantage of object-oriented databases, and can be given as an example for this kind of problem. If it is visually rendered as follows:

	Advantage
	Disadvantage

	Object characteristics and properties can be preserved and reused.
	The whole database needs to be recompiled/re-linked after the manual entry of any new schema(object definition), which requires database administrator access


Table 1.1 Table of advantage and disadvantage of object oriented databases

Then a screen reader might render it as follows:

Advantage Disadvantage.

Object characteristics and the whole database needs to be recompiled/re-linked 

Properties can be preserved after the manual entry of any new schema (object definition),

and reused. Definition), Which requires database administrator access.

Therefore, this kind of rendering is totally wrong for some tables. It is impossible to understand what is the information given in the table. Screen readers read some sentences but the user is not able to understand what they are, they confuse the user and some sentences are completely nonsense.

In addition to the word wrapping problem, Visually Impaired users may not be able to understand the audio renderings in the way that screen readers do, since they read information across the screen, line by line, resulting in a jumble of information that is impossible to distinguish. For example, Table 1.2 shows the comparison of universities according to several aspects and will be visually rendered as follows:

	PRIVATE
 
	University
	Teaching Assestment
	Research Assestment
	Student-Staff Ratio
	Library and Computer Spending
	Facilities Spending
	Graduate Destinations
	Aggregate Score

	1
	Cambridge
	100
	100
	67
	88
	71
	95
	1,020

	2
	London Imperial 
	99
	87
	100
	79
	93
	95
	1,008

	3
	Oxford
	97
	96
	62
	100
	65
	99
	1,001

	4
	Bristol
	90
	76
	62
	71
	100
	95
	937

	5
	London, UCL 
	92
	86
	73
	78
	76
	93
	932

	6
	Edinburgh 
	89
	82
	53
	83
	87
	88
	927

	7
	St Andrews 
	93
	76
	62
	73
	82
	96
	926

	8
	LSE 
	93
	97
	40
	79
	67
	92
	923

	9
	Warwick 
	97
	87
	47
	72
	76
	96
	923

	10
	Bath 
	82
	81
	50
	84
	94
	93
	907


Table 1.2 A good university guide 

Then a screen reader might read it as follows: 

University teaching Research Student- Library and Facilities Graduate Aggregate

Assessment Assessment Staff Ratio Computer Spending Spending Destinations Score

1 Cambridge 100 100 67 88 71 95 1,020

2 London Imperial 99 87 100 79 93 95 1,008

3 Oxford 97 96 62 71 100 65 99 1,001

4 Bristol 90 76 62 71 100 95 937

5 London, UCL 92 86 73 78 76 93 932

6 Edinburgh 89 82 53 83 87 88 927

7 St Andrews 93 76 62 73 82 96 926

8 LSE 93 97 40 79 67 92 923

9 Warwick 97 87 47 72 76 96 923

10 Bath 82 81 50 84 94 93 907

It may be really difficult for the user to gain a comprehensive and cohesive understanding of the table contents, particularly, in this example, since he (she) will listen to a series of numbers for each university, which belongs to one of the critics without knowing which critic it is. Most probably they will not be able to differentiate the critics from each other because although the name of each critic refers to different column headers, all of them will be read as a single sentence.

Beside these problems, sighted people do not only access table by reading row by row; they browse, scan and especially they are able to navigate in it. So by the way that those screen readers render them, Visually Impaired people are not able to browse them. But if sighted users are able to do, then why Visually Impaired people should not be able to do it.

The aim of this project is enabling Visually Impaired people to access tables as sighted people do. Our goal is to provide different functions that enable them to become an active reader rather than a passive listener. These functions will refer to the ability to read information in the table and be able to interpret information in the table in different levels and perform the multiple tasks that are supported by the table.

An analysis of characteristics, Chapter 1, seeks to understand the tasks undertaken by the sighted people when they read, navigate and browse tables in order to create the framework that shows the classification and characteristics of tables.

State of the art, Chapter 2, reviews the recent technological advances in order to find out what the problems that Visually Impaired people have for accessing tables are. Problems and possible strategies for accessing tables given in Chapter 3 clarifies these problems and proposes possible solutions concerning the frameworks that were created in Chapter 1 and Chapter 2. These frameworks and, problems and possible strategies form the basis of the system that is named as EVITA (Enabling Visually Impaired Table Accessing). Design and implementation of this system that was aimed to enable the Visually Impaired people to navigate, browse and read the table, are explained in Chapter 4 and Chapter 5.

Chapter 6 presents an experiment and evaluation that has been done with EVITA. Finally, conclusion and future work is given in Chapter 7, presenting an analysis of the results and addressing the future of the system.

An analysis of table characteristics

This chapter will examine what is a table, what is its properties and how sighted people use it in their daily life with the aim of gaining an understanding of reading a table. A table is defined as ‘ a printed or written set of figures, facts or information arranged in orderly rows across and down the page’ [24]. Another definition of a table is given as ‘ table is a written set of facts and figures arranged in columns and rows’ [8].

A table can be used for visual data representation or to organise the layout of text and image items on a page. Not only does it simplify the presentation of data but also repetition can be avoided using it. A table can be used for summarisation, for compacting data, for standardising layout and providing an easy way of remembering data. However, it does not have all these properties for Visually Impaired people, therefore it can be considered as a barrier, which prevents them accessing vast amounts of information.

In order to best understand the tasks undertaken by Visually Impaired users when browsing and searching tables, we have surveyed a range of tables and produced a classification based on a number of criteria including how they are logically organised, whether they have speciality and how they are generally used. This framework organises the tables into 12 classes.

1.  Periodic table: A tabular arrangement of the elements according to their atomic numbers.

2. Time tables: A tabular statement of the time at which or within which, several things is to take place, for example; train, flight, lecture, bus, etc timetables.

3. Content tables: A tabular representation of subject matter of a written work, such as book or magazine.

4. Football league tables: Tabular representation of performances of football teams for a period.

5. Calendar: A table showing the months, weeks and days in at least one specific year.

6. Statistical tables: Tables that show statistical data.

7. Truth tables: A table that displays the truth-value of a compound sentence as a function of the varying truth-values of its components.

8. Nested tables: Tables that contain another table in at least one of its cells.

9. Row tables: General purpose tables that are visually organised as rows.

10. Column tables: General purpose tables that are visually organised as columns.

11. Rows and Columns tables: A table whose cell contents are logically accessed by intersection of row and column.

The categories above, can also have sub-categories. Each category has properties that differentiate them from others. Each of them can have different reading and navigation styles, and can be presented in different ways. Content of the cells can be special and they may need to be accessed in special ways. Declarative and structural aspects about tables can be used in order to analyse them in detail and find out more about them, namely:

1. Reading and navigation styles

2. Presentation styles

3. Content styles

4. Special accessing styles.

1.1 Reading and navigation styles

When sighted people start to read a table, they do not explicitly specify the way of reading or navigating because they can see how a table is logically organised and they can automatically infer in which way it will be logical to read it. On the other hand, Visually Impaired people do not have access to visual representations of tables and it will be better to inform them about the logical way of reading or navigating. If they are informed about it, they can gain a general idea and they know what they can expect next when they are hearing the non-visual representation of the table. This non-visual representation should keep the logical organisation meaningful. 

Tables can be read or navigated in different ways according to the logical arrangement of data. For instance, Table 2.1 is a football league table. This table can be accessed in multiple ways and some of them may be as follows: 

· It may be accessed row by row in order to get all the points for each team.

· It may be accessed column by column, for example first entire column in order to get all the specified names of the teams in the table.

· It may be accessed as intersection of column and row, for example in order to get how many matches did ‘Galatasaray SK’ win, the user can access the cell that holds the information as intersection of column 3 (W) and row 3 (Arsenal). 

	PRIVATE
 
	P
	W
	D
	L
	F
	A
	Pts

	Rangers FC
	1
	1
	0
	0
	5
	0
	3

	Galatasaray SK
	1
	1
	0
	0
	3
	2
	3

	AS Monaco
	1
	0
	0
	1
	2
	3
	0

	SK Strum Graz
	1
	0
	0
	1
	0
	5
	0


Table 2.1 Champions league 2000 –2001 group D 
After examining different kinds of tables, the following ways of reading or navigation were identified:

1. Intersection

2. Row by

3. Column by

4. Sequential

5. Reading with unit

6. Random access

They will be examined in detail and examples will be given for each of them. 

1.1.1 Intersection

The cell contents of a table can be accessed through the intersection of rows and columns. First the user can sequentially read the column labels in order to find the one that he (she) is interested in and same thing can be repeated for row labels and finally the content of the intersection cell can be read. The order of accessing column labels and row labels is not important. As it can be seen from Table 2.2, the timetable can be read as intersection. Lecture timetable shows the lecture time periods, the lectures in each day and when they take place. Although it is organised as columns, the first column label, which is ‘time period’, is not important and it can be read as intersection of rows and columns for getting which lecture will be at which day and time. This table can be read or navigated in other ways.

A football League table (Table 2.1) without an explicit row for ordering can be read as an intersection of row labels, which are team names, and column labels which are usually abbreviations. Another example is summary tables, which are in the category of row and column tables. They are usually organised as having column and row labels and each cell can be accessed by this way. Finally, some statistical tables and special purpose tables can be read or navigated in this way.
1.1.2 Row by  

This reading style is the second most common way of reading and navigating tables as it is shown in Table 2.2. The non-visual representation can be as follows; for each row, the first column header can be read with the corresponding row value, this can be followed by the second column header with the corresponding row value and so on. The drawback for this way may be the repetition of headers, it may take too much time to read the whole table. For example, if a speech translation will be done in this way for a table, which has four columns and 30 rows, the headers will be read 120 times totally. This can be time consuming, useless and boring for the listener. Alternatively, the row with the column headers can be read once or not at all at the beginning and then each row can be read without column headers. The idea behind not reading the row or column headers is that, the table can be well known for the listener and since it is used very frequently the structure and aim is well known. So the listener should be able to listen it once or not at all the beginning. For example, a content table is a well-known table. Its structure without detail can be considered as generalised; First column for chapter or section number, second column for name and last column for page number of section or chapter. Usually the headers for each column are not explicitly specified but if they are, the listener still may not need to listen to them because they are obvious. Another example for this is a football league table. The football fans may already know the column labels and their orders and may not need to access them in order to understand what the content of the cells are used for. The obvious problem with this way is that the listener should memorise the column headers in order to understand the content of the cells of each row. But as Stevens, Edwards and Harling state ‘there are memory limits to how many objects or group of objects that listeners can maintain after hearing them’ [11]. If the number of rows of the table is not too much, it is possible to remember the column headers. The solution for this problem is that the user should interact with the non-visual representation of table as sighted people interact with visual representation. They should be able to hear the header of the columns whenever and which column header they want. Tables that are visually organised as columns are classified as ‘column tables’. They can be given as an example to this way of reading. Calendar can also be given as an example. In order to get the dates for a week; listener may want to hear the whole row in the table that shows a month. In this case, as it was explained before, the listener may not need to hear the headers because it is well known. Finally the data in some timetables, special tables and truth tables can be accessed in this way.
1.1.3 Column by

This way of reading or navigating is another common way. The speech translation can be done as follows, the second row name can be read with the data in the first column and this can be followed by next row name with the data in the first column and so on. This is one of the basic ways of reading row tables, which are visually organised as rows but logically organised as columns and because of this logical organisation, it could be meaningless to read the whole row. A football league table can be given as an example. If the user wants to access a specific column such as the column with ‘pts’ header, It would be meaningless to read the data in that column without the row headers, which are team names. They make sense if they are read with the team name. “Statistical tables” is another example; the column that shows the percentages should be accessed in this way in order to learn whom these percentages belong to. Finally some special tables can be accessed in this way.

The way of accessing column tables can be row by. Beside this it can be entire column. The header of the column can be read once and then each row for this column can be read one by one. Again this way can have the memorising problem as stated before so the user of such a non-visual representation should be able to hear the header again whenever he (she) wants to. In addition to this, the user should be able to stop hearing the rest of the column because the listener may only need to hear some of them or is looking for some special entry. Some of the examples are as follows:

· A well-known example is the table that compares advantage and disadvantages. For getting advantages or disadvantages the matching column can be read. 

· Content table is another example for this way. The non-visual representation for the column that has the section or chapter names can be done in this way. Because the user may want to listen to the whole chapter or section names one by one in order to find the one that he (she) is interested in, the ability to stop hearing the rest of the column is important. 

· A table that shows a month can also be read in this way. The user may want to learn the dates for specific days in a month, for example, learn what will be the dates for Saturdays in a specific month. 

1.1.4 Reading with unit

Some tables, especially the non-verbal tables, have the unit of the data in the cells in either the row or column header. It is not included in each cell to prevent repeating the same thing but reading the data without the unit is meaningless. Since sighted people can easily get the structure, organisation and the aim of the table at a glance; it is not a problem to deal with the unit in the header. However, Visually Impaired people cannot get such an important detail as easy as sighted people can. Therefore the user should either hear it once with the header or each data should be read with this unit. If it will be read once then the user should be able to access it again. For example, a train timetable that shows the frequencies of the time period is given in the cells and the unit of time is given in the header. So the unit of time should be stressed during the non-visual translation of data. In some statistical tables the percentage sign is given in the header, so while reading them data in the cells should be read as percentages. This way of presentation can be frequently found in academic purpose tables. 

1.1.5 Sequential reading

This is important when the data is either ordered by column or row. The order that is specified in the visual representation of table should be preserved during the non-visual representation of table. For example, elements in the periodic table are located according to their atomic weight, therefore sequential reading should be according to this order. If the end of a row is reached while reading, then the reading should continue with the next row from the first column. Additionally, in some timetables such as train timetables, the route is given. So reading sequentially is important in order to preserve the order of stops in a route.
1.1.6 Random access   

This is the most common way of accessing information in tables as it is shown in Table 2.2. There can be great deal of information in a table but the user may only need some specific part of it, and in this case there is no need to access the whole table which would be time consuming, dealing with irrelevant information and can be confusing to the user. Sighted people have access to every detail of visual presentation. Consequently, it is not a problem to access the cells randomly but it is a problem for Visually Impaired people. Sighted people can deduce the summary and the way of using a table by having access to the presentation style, content style and column or row headers if they are specified. Therefore if these are the facts for making random access easy for sighted people, it can be made easier for Visually Impaired people by supplying all these information to them by non-visual representation. Firstly, the user should get enough information about the table’s presentation style, for example, how many rows and columns it has, if it has a special layout, if the cells are ordered according to something and so on. Secondly, the user should be informed about the content styles. For example, if the table includes empty cells, what do they mean and so on. Finally, the column and row headers if specified, can be read to the user and he (she) can select which row, column or cell (intersection of row and column) he (she) wants to access. Alternatively, the user can give the row number and column number and the intersection cell can be read. After that headers of rows and columns can be given. A football league table is a well-known example. If the user wants to only access his (her) team’s details then the random access should be done on that team. Cells of the column that have the team names can be read one by one and the user can select the team that he (she) wants to hear the details of. Another example is statistical tables. The user may want to get the percentage of something special so there is no need to access the whole table. Finally row tables, column tables, row and column tables, some special tables, content tables and periodic table can also be accessed in this way.

1.2 Presentation styles

Presentation styles are as important as reading or navigation styles. They can have a significant role in getting a general idea about the table. If the user has the general idea then browsing tables becomes easier. This is what sighted people do at first. When they see the table, they usually try to get the general structure and by using this they start to browse it. The presentation styles that can help the user to get the general idea have been identified as:

1. Special layout

2. Special location

3. Highlights

4. Ordered

5. Grouping

1.2.1 Special layout   

Some tables can have a special layout according to different concepts. This special layout may be the first thing that the sighted people realise when they look at the table. So the Visually Impaired people should also be informed about it. The periodic table is a good example for this. Its special layout is standardised. This layout should be considered while accessing it. Each month table in a calendar has also important layout and each of them can be different. Another example is truth tables. Sometimes not all the borders are highlighted but only a column border is highlighted which is used to separate the prepositional variables from propositions. Some column and special layout tables can also have special layout.

1.2.2 Special location

This can be considered as something special to the periodic table. Elements are located according to their atomic weights or vice versa, the location of elements in the table shows their atomic weights. 

1.2.3 Highlights    

Highlights are usually used to draw attention to some important data. Sighted people can easily realise the importance of these data because of highlights such as different colour or different writing style. Consequently, Visually Impaired people as a user of these kind of tables should be informed about the different colours or writing styles and also they may sometimes need to directly access these data so it would be better if the user has direct access to them. In some statistical tables, data with maximum and minimum value and some special data can be highlighted. Therefore it would be better if the user is notified about these highlights in order to get the full information provided in the table and fully understand what the creator of the table wants to stress in it. Calendar is another example for the importance of the highlights. Special days such as holidays and weekends can be highlighted. 

1.2.4 Ordered   

Data in a table can be ordered either through the column or the row. If an order is specified explicitly in a table then during the access of cell contents this should be considered. Elements in a periodic table are ordered according to their atomic weights. Another example is a football league table, the teams are ordered according to their points which is specified in the last column with the ‘pts’ header. Timetables are usually ordered according to the time. The first and the last column of a content table can be ordered according to page numbers. Finally, data in some tables that are classified as row tables, column tables and row and column tables can also be ordered according to some concepts. 

1.2.5 Grouping

Some cells in a table can be grouped together or can be considered as a group and so it is important to access them together. For example, In the periodic table it is important to access elements of group together, to access whole alkali metals or alkaline earth metals and so on. Another example is lecture timetables, sometimes some lectures can be in two consecutive lecture period and this can be considered as a group of lectures so while reading such a table, it is more important to access those groups rather than individual cells.

1.3 Content styles

Some special contents of tables may need further explanations or a special way of processing such as:

1. Special symbols

2. Complex data 
3. Empty cells 
1.3.1 Special symbols

These can be notes, abbreviations, characters, digits and so on. They may be used in order to simplify, to avoid repeating same data and to make it easy to read. They are most commonly used in timetables and a great deal of information is hidden in them so if the timetables are read without them then the user may get very little information. Sighted people usually look for more explanations when they encounter special symbols while navigating tables. Therefore this should be the same for Visually Impaired people. They should be able to get more explanations when they hear them during the speech translation. This can be done in two ways, either by stressing the special symbols and making them able to hear detailed explanation explicitly, or by directly giving the explanation without stressing the special symbol. The first way is more interactive and is closer to what sighted people usually do but it is not easy to do speech translation for some special symbols. The second way can be a solution for this problem but on the other hand it is not interactive and disregards the usage of special symbols.

1.3.2 Complex data 

Different kinds of data can be presented in tables. They can be either simple such as text or complex such as spatial data and multimedia. Therefore non-visual representation of tables is not just text linearization. Complex data can need to be processed in different ways. 

1.3.3 Empty cells

Empty cells do not have a fixed or standard meaning. It depends on the context of the table. If the summary of the table is given then it can be easier to deduce their meaning. For example, empty cells in a month table of calendar mean they are the days of the next or previous month. There can be empty cells in lecture timetables, which means there is no lecture at that time period. Another example is train timetables where empty cells mean there is no train arriving to or departing from that stop at that time. They are also most commonly used in summary tables.

1.4 Special accessing styles

Sighted people do not only use tables to access linear information but also facilitate the usage of it by performing more high level tasks, two examples of which are:

1. Comparison 

2. Getting a maximum and minimum value 

Similarly, accessing tables can also be facilitated for Visually Impaired people as it is for sighted people.

1.4.1 Comparison

Comparison can be done between cells, rows or columns. Football league table can be given as an example for the importance of comparison. It is a competition result table so it is natural to need to compare results. The user may want to compare results for two different teams. This can be non-visually implemented as follows; the user can select the teams that he (she) wants to compare the results of, then similar to what sighted people do but instead of reading result column values one by one, this time the user can hear the result columns values one by one. 

1.4.2 Getting maximum and minimum

Sighted people sometimes directly access to the maximum and minimum of a row or a column in a table that contain non-verbal data instead of accessing the entire table. For instance, in statistical tables, maximum and minimum percentages can be the most important data. Therefore, if sighted people can access them directly instead of scanning the whole table, It could be easier and quicker for them.

All the declarative and structural aspects about tables were discussed and for each of them some tables were given as examples, the following table summarises all the categories of tables and their properties (Table 2.2). 
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Table 2.2 Summary table for the categories of tables and their properties

 State of the art

In this chapter, we will focus on what are the abilities and problems that Visually Impaired people have for accessing tables with the recent technological advances. 

There are several commercially available technological advances that allow Visually Impaired people to access Internet. These include screen readers such as IBM screen reader/2, Outspoken, Jaws and special web browsers such as pwWebSpeak, IBM’s home page reader. These technologies will be examined in detail for how they handle tables. Beside these technologies, there are some special applications, solutions for handling tables such as An interactive method for accessing tables in HTML [4], Table navigation Javascript [6] and User Interface of a Home Page Reader [3]. These will also be examined in detail. 

1.5 Screen Readers

1.5.1 IBM screen reader/2

This can only read the displayed text information from top to bottom, line by line, word by word, character by character and so on, if there is no profile for an application written in profile access language (PAL) [4]. Table information is read from left to right with disregard of column boundaries [32]. Thus, the user is not able to navigate, scan or browse the table and it has all the problems that were discussed before about screen readers.

1.5.2 OutSPOKEN

Version 1.2 can read columns with the ‘Read within a column’ feature. But the user is not explicitly informed about the presence of the tables in the documents, so the user would first need to identify the presence of table by the lack of continuity in what was being read from the web page before invoking this command [34]. The User is not again able to navigate in table with this screen reader.

1.5.3 Jaws

Jaws version 1.21 cannot distinguish tables and so will read horizontally across the page [33]. This can make understanding the content of a table quite difficult. In version 3.5, they provide better control in reading tables but still the user must first identify tables in order to perform these functions. 

In version 3.5, there are navigation keys to be used when inside a table. The user is able to move the focus to up, down, left and right cells of the current cell. And if the movement is performed to either left or right, column heading followed by cell content and column number will be announced. Otherwise, if the movement is performed either up or down, the row header followed by cell content and row number will be announced [22]. This way of presentation may not be enough in order to understand the cell content, since only one header and only one position dimension (either row number or column number) are given. Additionally, the user is not an active user because he (she) cannot select the level of detail of the cell presentation [12]. The content, header and one dimension position information will always be given to the user. User also may not be able to get the layout information of the table, perform some high level navigation like getting entire column and some high level tasks like comparing two columns. Although, some sort of navigation ability is provided, it may not be enough to browse, scan and navigate tables.

1.6 Special Browsers

1.6.1 pwWebSpeak

pwWebSpeak is an Internet browser designed for users who wish to access the Internet in a non-visual or dual mode manner. It is able to understand the HTML constructs so it is able to give the user more information about the HTML elements. In version 1.4, when a table is recognized, no special announcements are made regarding the existence of it and is read from left to right and from top to bottom [29]. In this case, the user is not able to navigate, scan or browse it at all. In this version, tables are handled as follows; cells of the table are broken apart and displayed as separate lines of text within the pwWebSpeak window [10], and it is read to the user from left to right and from top to bottom. There are different audio style sheets available with it which will either not announce information about the table and its structure, or it will announce such information [30]. If they will not be announced to the user, then the user may not be able to understand the layout information and the data in the table. This way still does not provide solutions for the screen reader problems.  If they will announce some information, the problem is what kind of information about the table and its structure will be given to the user.

The verbose style sheets will announce the beginning of a table, beginning of a row, beginning of a column or cell and in all cases any titles specified for any area of the table [17]. This can be a partial solution of getting the layout information of the table, but still the user is not an active user; he (she) is not interacting with the table as sighted people do. Additionally, it may be boring and frustrating to the user listening again and again to the same things. It would be better, if the user can get this kind of information whenever he (she) wants to and needs. 

In version 2.5.14, some special navigation capabilities are added [30]. But it still has the same problem as the previous version, in that there is no special announcement regarding the table in order to invoke these functions. It provides short menu of commands for moving right (Next cell, or column, of the table), moving top (start of the current column), moving down (next row in the table) and moving home (start of the current row of the table). So the user is able to change the focus to right cell but not the left cell of the current cell, the start of column but not the end of current column; the next row but not the previous row of current row; the start row but not end of current row. In other words, primitive navigation capabilities are restricted. The user can also easily be lost in the table, since there is no way to get the position (row number and column number) of the current cell, the column header or the row header. Visually Impaired people may need this kind of information in order to find their ways more easily and not be lost in the table. Beside these primitive cell by cell movements, moving page element by page element in a table cell is also provided. In this case, moving right changes the focus to the next page element and then to the next cell and moving left changes the focus to the previous page element and then the previous cell. So navigation capabilities are again restricted, since the user is not able to move up or down. Another problem with this kind of navigation is that it may cause understanding difficulties, especially when the text is wrapped in the cells.  Table 3.1 can be given as an example to this problem.

	
	January 1998
	December 1998
	January 1999
	December 1999

	Consumer price index
	0.2
	0.7
	0.0
	0.0

	Producer price index
	0.3
	0.5
	0.2
	0.2


Table 3.1 Statistics for consumer and producer price indices 

If the user changes the focus ‘page element by page element’ in the first row, then actually it will be read as ‘January 1998 December 1998 January 1999…’ this will make it difficult to know which pair actually belong together [17]. This renews the word-wrapping problem of screen readers.

1.6.2 IBM’s Home Page Reader

IBM’s home page reader version 2.5 is a World Wide Web (WWW) browser for Visually Impaired users. It gets the web page contents (HTML source) and converts it into text and synthesized speech. The numeric keypad can be used to navigate web pages, and individual keys and combinations of keys represent commands that tell Home Page Reader (HPR) what to do [17]. 

HPR has a special mode for navigating tables, which is called table navigation mode. If HPR is currently reading a table, then the user is able to switch to this mode. But while the user browses the web pages, he (she) is not informed about tables, so in order to switch this mode; the user must first identify the tables. In the normal mode (without entering table navigation mode), tables are read as they are read by screen readers, from left to right, across the page. Some navigation capabilities are provided in this mode such as being able to move left or right across the row, row by row movement and moving to next or previous row by getting the entire row. However these are restricted movements, since the capabilities are not provided for moving up, down across the column and moving column by column. But reading entire column (moving row by row) could be useful for some tables; for example ‘comparison’ tables could be efficient to access in this way. 

When the user switches to table navigation mode, HPR tells the size of the table in terms of height (number of rows) and width (number of columns) and reports the current position in the table, that is, the number of the row and column at which the user is located [17]. This is the only time (while entering table navigation mode) that the user is informed about size of the table and the current position in the table, so the user is not able to get the current position whenever he (she) wants and he (she) may be lost in the table after several movements. If current cell is used as a landmark in the table, then the user must be aware of the position of this landmark. Furthermore, the user is not an active user and does not have the control of information flow. In this mode, the user is able to move left, right, home and end cell across the row and up, down, top and bottom cell across the column. Beside these movements, the user is able to get the current cell content. But if the cell is empty, the user is not informed about that it is empty and HPR does not announce anything. Empty cells have special meaning in some tables, for example in train time tables, it could refer to no trains depart at that time or in lecture time tables, it could refer to no lecture at that time. Therefore it would be useful, if the user is informed explicitly about empty cells.

Summary of the table is not provided in any mode. Sighted people before getting the detailed information from the tables usually have a glance to it that is having a rapid, high level abstraction that contains the relevant information in the environment, pertinent to the current task [11]. Summary, which could be provided through the ‘summary’ attribute of the table tag in HTML source, could be given to the user for simulating a glance to the table. 

1.7 Special applications

1.7.1 An interactive method for accessing tables in HTML

Oogano&Asakawa propose a method for converting visual representations such as tables, image maps and classified structures into non-visual representations in HTML and they devised a system to evaluate their method [4]. First of all, table is not only a visual representation of information; it carries semantic and it used to indicate structure [20], so it would be better, if this is considered before devising a method for presenting tables to Visually Impaired people. 

This system that is developed, is divided into two parts: an HTML analyzer and a Netscape profile. The HTML analyzer communicates with the web server, gets the HTML file analyzes HTML tags and in the case of a table tag, several HTML files are created from an HTML file that will be displayed in Netscape windows and read by Screen reader/2 [18]. An HTML file for each cell is created and linked to each other and an index file is created that can be used to access each cell directly. Hence, the number of HTML files that are created from a single file is directly proportional to the size of the table. If the table is complex and large then it is not efficient. In the case of x by y table (a table with x rows and y columns), the number of HTML files that will be created will be ((x*y)+1). For instance, if the table is 10 row by 10 column the number of HTML files that will be created will be 101, however there maybe larger tables, for example train timetables are usually larger than this. 

In the devised system, navigation capabilities are provided in the following ways: 

1. Navigate by using the index file that was created during the transformation. 

2. Using the cell navigation links (each cell is linked to each other in bi-directional way).

The user is not able to get the position (column number and row number of the cell) and headers (row and column header) in both ways. So, the user can easily be lost in the table while navigating in it. Although the user is able to move to the top and left most cell for getting headers, it is still not efficient because the user may want to go back and continue navigation from that point and thus the user needs to find that cell from scratch.

1.7.2 Table navigation Javascript

Chisholm &Novak proposed a method for presenting and navigating the data in the table and a table navigation script is developed concerning this method [6]. This script is a Javascript that exists on the same page with the table that is to be navigated and opens another web browser window. This new window contains the text, as well as column and row headers and cell position information for each cell. The user is able to move between cells using the keyboard’s arrow keys. Standard speech output reads cell contents as well as row and column headers and cell position information [12]. The user is again passive; he (she) is not able to choose what to listen for each cell and by default he (she) must listen to the headers, position and content. This can be boring and time consuming for the user. It would be better if the user can choose the level of detail of the cell presentation, the order and be able to get them independently. The user is also not able to have data contents of an entire row and column read via a single keystroke. 

1.7.3 User Interface of Home Page Reader

This is a non-visual web reading system on Windows 95 that analyzes HTML tags rather than simply reading the screen. It has five characteristics; first is that a numeric keypad can be used for entering necessary commands for netsurfing. The second is fast-forward key for quick reading. The third is that hyperlinks are read in a female voice, and plain text in male voice. The fourth one is, HTML tags are converted into voice data and the fifth is that it can be synchronized with Netscape navigator. In October 1997, this system became an IBM Japan product [3].

The system presents text information after analyzing HTML tags, basically skips tags, but not important tags such as table. Tables are converted into voice data. Data in the tables are read column by column instead of reading line by line and keys are provided for moving between columns of the underlying table [3]. This system clearly revealed the problems involved in reading web pages by the screen reading method. Since some tables are logically read line by line, some of them are logically read column by column and some both ways, for some tables, it may be difficult for the users to understand from this way of presentation. All problems that may arise by reading row by row, may arise by reading column by column. Various kinds of tables can be read in various ways. Consequently, this approach fails to consider the ways of reading or navigating various tables like other devised systems. In addition, the user is not able to browse and navigate tables with this system.

The results of the reviews of special browsers and applications concerning browsing tables are summarized in Table 3.2 and Table 3.3. In Table 3.2 the results are shown according to all the characteristics which are specified in Chapter 1 and in Table 3.3 the results are shown according to the navigation and reading styles and special accessing styles. In other word it shows the capabilities and missing functions of these technological advances for handling tables. In this table, ‘x’ refers to satisfactory, ‘?’ refers to unsatisfactory and empty cell refers to ‘does not support’. For instance ‘Jaws’ does not support ‘getting summary’ functionality so the intersection cell of ‘Jaws’ and ‘getting summary’ is empty. It supports ‘getting position’ functionality but for some reason that was explained before, it is not satisfactory, so intersection cell of ‘jaws’ and ‘getting position’ contains ‘?’.
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Table 3.2 Results of the review of the recent technological advances concerning all characteristics of tables
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Table 3.3 Results of the review of the recent technological advances concerning reading and navigation, and special accessing styles

The following conclusions were drawn from the collected, in-depth individual reviews of assistive technology and browsers:

· There is a lack of consideration of the type of tables and how they are read and navigated by sighted people in all reviewed approaches. 

· The user is not an active reader in most of them; he (she) is passive listener because he (she) is not able to control the information flow.

· Some of them have syntactic style navigation and most do not have semantic style navigation.

· Three different methods are used for handling tables;

1. Reading web pages (visual presentation of HTML source) from left to right without recognizing the document elements such as tables. Information in table is read line by line without recognizing the division of cell blocks. The Screen readers which we reviewed Jaws, Screen reader/2, OutSpoken do audio representation of documents from visual representations of them. 

2. Reading web pages by analyzing underlying HTML source. pwWebSPeak, IBM’s home page reader and [3] have access to the underlying HTML code, so they are able to give the user information about included HTML elements such as table.

3. Transforming visual presentation of tables into non-visual presentation in HTML and using screen readers for reading this non-visual presentation. In [4], an HTML file for each cell is created which contains only the text information in the cell. In [6], the script causes another web browser window to open which contains the text, as well as column and row headers and cell position information for each cell.

Concerning the functions of the reviewed approaches; 

· None of them provides summary of the table. 

· The user is not able to perform some high level tasks such as comparing two columns, two rows or accessing table as intersection of column or row with any of them.

· Only [3] provides the column by column movement capability.

· Only IBM’s home page reader provides the capability to move row by row.

· Only IBM’s home page reader provides the ability to have repeated the cell information. 

· Jaws provides position information after each cell by cell movement and it is not provided as column number and row number (only row number or only column number is given). IBM’s home page reader provides this information when the user changes mode; otherwise the user is not able to get the current position. [6] provides this information after each cell by cell movement, but again the user is not able to choose the presentation time for it. Therefore none of them provides satisfactory position information and capability of obtaining the position information.

·  With IBM’s home page reader and [4], the user is capable of getting row header and column header information whenever he (she) wants and needs it; in other words the user is an active reader. Whereas [6] and Jaws provides this information after each cell by cell movement where the user is passive, and is not able to get them whenever he (she) wants to. Additionally, Jaws only provides either row header or column header, but not both. So Jaws and [6] are specified as unsatisfactory for this functionality.

· User is able to move cell by cell; in other words he (she) is capable of performing primitive navigation in the table with four of them. pwWebSpeak is specified as unsatisfactory, since the navigation directionality is restricted.

· [3] is the only one that does not provide getting entire row functionality.

· Half of them provide an entire column and half not.

2 Problems and possible strategies for accessing tables

In Chapter 2, we looked at the problems and inabilities that Visually Impaired users have for accessing tables with the recent technological advances which include screen readers, special web browsers and special applications concerning tables.

As we emphasized before, some screen readers have important problems as they cannot render tables correctly and they do not provide navigation and browsing ability to the user. Special web browsers are more advanced then screen readers for accessing tables but still they also lack important abilities for handling tables. Special applications for handling tables are also unsatisfactory. There are quite lot abilities that they did not provide to Visually Impaired users. None of them consider the semantics included in the table and how sighted people read it. All of them tried to handle table only as a visual presentation structure. However, for each table, according to the data included and how data are organized in it; a semantic is created, and this makes linear accessing too sophistic. Additionally, sighted people not only access individual cells directly, but also navigate in them and consequently browse them, so Visually Impaired people should have comparable functions for accessing tables too. 

In this chapter, we will gather together all the individual problems and inabilities that were not provided to Visually Impaired users with the recent technological advances and special applications. We will also focus on what would be the possible strategies for them. Firstly, we will discuss how to create audio representation; analyzing underlying HTML file or using the visual representation that has already been created from that file. Secondly, we will discuss problems concerning the cell such as difficulty in understanding the cell content and so on. Thirdly, we will discuss the problems in obtaining overview, inability to have a glance at the table and so on. Fourthly, we will have a closer look to the navigation and browsing problems. Fifthly, we will discuss the difficulties in doing semantic interpretation on tables. Finally, we will discuss difficulties in high level access to tables.

2.1 Interpreting HTML vs. screen scraping

Hyper Text Markup Language (HTML) was designed as a markup language, which means that many of structures such as tables are represented explicitly in the HTML file for the document. World Wide Web (WWW) browsers (Netscape Navigator, Mosaic or Internet Explorer) take this markup and present it visually to the user. Traditional access schemas for Visually Impaired users (screen readers) depend on this visual rendering [26]. However by the time the document has been presented visually, the explicit structural information such as tables in it has been made implicit and recovering this structure is difficult. Moreover, audio becomes a second-class interface modality for the presentation of HTML [35]. To create more viable access solutions for Visually Impaired users, audio rendering may be treated as a first-class technology [34].

Consequently, audio renderings can be produced in the same way that visual renderings are, that is directly from HTML markup of pages. Therefore the user can be informed about the semantics, which were included in the HTML file instead of relying on the visual presentation of the underlying page.

2.2 Cell concept

In this section we will discuss the problems and possible strategies related to the cell content and associated information, and the way of presenting the cell content and associated information. The problems and possible strategies are as follows:

1. Understanding the cell content: It could be difficult to understand the cell content since sometimes the row header, column header and data in the cell are interrelated. Therefore providing more information about cell beside the data (content of the cell) could be useful such as the position, row header and column header. 

2. Associate row/ column header with data in the cell: The inability to link the data in the cell to the corresponding row or column header may be a problem in understanding the cell content. The solution could be enabling the user to get row header and column header of the underlying cell whenever he (she) wants to read it as sighted people do, Visually Impaired users can check the headers of the cell, whenever he (she) needs and wants it.

3. Repetition of parts of the cell information: The inability to have parts of the cell information; data, headers and position, repeated may be considered as a problem. So instead of restricting the presentation to be only once, giving the capability to read the contents of the cell, headers (row and column) and position, whenever the user wants to read them again, may be a way to solve it. These capabilities will enable the user to control the information flow, which may be considered as a key to transformation of the passive listener to the active reader [23].

4. Level of detail of cell presentation: Being able to select the presentation of the three different types of information about cell: data, headers and position information may be useful. Additionally, having ability to select the level of detail of the cell presentation [17] makes the user active. They (data, headers and position information) may be provided independently and the ability can be provided to the user to choose whichever he (she) wants to read, instead of providing them together (having different combinations of them; e.g. data with headers, data with position). This is again a matter of control of information flow, the more control they have on information flow, the closer they become an active reader. 

5. Distraction from the cell content: If too much structural information is provided with the cell content then this can cause the user to be distracted from the cell’s content. Hence, if the user has the ability to control on getting structural information such as position beside the data, then this may help in solving the distraction problem.

2.3 Table abstractions

In this section we will discuss the possible strategies for the problems related to obtain the general idea of the table. They are as follows:

1. Obtaining an overview of the table: This problem is the inability to easily obtain the layout information, which often contains the real key to a full understanding of the data presented in the table. The possible strategy may be as follows; the summary (which is usually provided in the summary attribute of the table tag) of the table may be provided. This capability (being able to get summary) may enable Visually Impaired people to know what type of table they are visiting in the web page thus enabling them infer the structure of the table [30], and they may also gain an overview of the information, which may help them to plan the reading process. Furthermore, users can get a quick snapshot by the help of it without having to listen to the whole table being spoken out [32]. Since improved provision of summary information will increase orientation, navigation and general usability [33] of the table for the visually disabled people, the number of columns, number of rows, column headers, row headers and caption information may be provided to improve it. Moreover, the number of rows and columns may help Visually Impaired users to have an idea about the size of the table. Usually, sighted people may not bother about the exact size of the table because they have visual access to the table, so they can easily have an idea about the size (how big it is). On the other hand Visually Impaired people do not have visual access, therefore this kind of information may be helpful for them. 

2. Glance at a table: Glance is having a rapid, high level abstraction that contains the relevant information in the environment, pertinent to the current task [23]. Summary, which could be provided through the ‘summary’ attribute of the table tag in HTML source, could be given to the user for simulating the glance at the table. 

3. Table orientation: While reading complex tables, it may help the user to establish some orientation of the cell where it is positioned with respect to entire table and what information is around that cell. Orientation information such as the position of the cell may help the user to identify where he (she) is in the table. The position information may be provided as row and column number of that cell. In order to get what information is stored around that cell, exploration capabilities can be provided, for instance, being able to get the next or previous cell in the corresponding row, being able to get the next and previous cell in the corresponding column, being able to move first row and column, etc. by maintaining the current position in the table. 

4. Scanning through the table: The dictionary explanation for ‘to scan’ is looking through the document quickly in order to find important or interesting information [27]. By considering this explanation for the ‘scanning’ action, the simulation for scanning through the table may be provided by being able to explore around the current cell without losing the current position and knowing what is the information around that cell. The ability to scan through a table, could facilitate searching and create appropriate expectations on which base the reading of information in table.

5. Surveying table without losing position: Since leftmost, rightmost, top and bottom cells can be considered as border cells, reading them without losing focus from the current location may help the user to understand the overall structure of the table content and location of current cell with respect to border cells. The ‘exploration’ ability may be improved with these facilities; it may also help the user in orientation to table.
2.4 Navigation and browsing
Before discussing what can be done in order to make Visually Impaired users being able to navigate and browse the tables, we will have a closer look to navigation and browsing activities in general and then especially in tables. 

Navigation is the process of whereby people determine where they are, everything else is and how they get particular objects or places, or in other words, moving oneself sequentially around an environment, deciding at which step where to go. And browsing is the task of looking to see what is available in the world   [36].

Furnas and Jul point out that browsing is a task and navigation is a tactic for accomplishing it that is typical browsing activity uses a navigational approach [36]. Therefore in order to achieve efficient browsing activity, navigation capabilities should be efficient as well. As Furnas and Jul indicate, navigation is not a simple task; people can easily be lost and it can be frustrating [36]. So despite the vastness of the information structure, moving around the environment must not take too many steps, the route to any target must be discoverable and each time obtained information amount must be small [37]. Besides these, navigation functions are the potential of controlling information flow, and since this is the key for reading [23], they are the potential of reading capability. 

The entire table structure forms a network of cells, which forms a network of columns and rows. Readers move about this network in an activity that is often referred to as browsing or navigating, rather then just ‘reading’, to emphasize that the user must actively determine the order in which they read the cells. The system should also make the users feel that they can move freely through the information, according to their own need [26]. 

Cells are the fundamental parts of the table, so concerning the efficient navigation, that is efficient browsing and network of cells, moving cell by cell may be the primitive navigation capability for achieving the efficiency and browsing capability. The directionality for cell by cell movement is also important, it would be better, as it was stated before, if the user feels that he (she) can move freely and can reach all parts of the environment. Therefore, since the concerned environment is table, all the cells in the table should be reachable and easy to reach. So, providing moving left, right across the row, moving up and down across the column capabilities may be useful. Additionally, in order to make all the cells discoverable and easy to reach, moving top, bottom cell across the column and moving end (last cell), home (first cell) cell across the row capabilities may be provided. The help provided by browsing functions give control over the information flow, and could replace passive listening by active reading.

2.4.1 Problem of being lost while navigating

An extra facility has to be added for auditory system that is not needed in a visual system, that is the notation of  ‘current’. The auditory display is transient, so the current selection or focus of attention also disappears [23]. 

The ‘current cell’ concept may be used as a landmark, which is defined as a conceptually and perceptually distinct location that plays an important role in helping people to structure the environment that they are navigating conceptually [34]. Besides this, it can also be used as a navigation aid and navigational infrastructure shall be available to them. A landmark in an environment must provide necessary spatial information that is easy to remember and sensed. Therefore, since the environment is table and fundamental part of it is cell, then it may be logical to use the cell as a landmark. Moreover, especially ‘current cell’ concept may be used as landmark. Since navigation is a sequential movement and the user must decide at each step ’where to go’, the current cell may help the user in making this decision.

Additionally, there may be a fear of getting lost while navigating a table because the user can easily lose orientation to the table. Landmarks may also help in orientation to table since by using the ‘current cell’, they can easily get the ‘where am I’ information while navigating.

2.4.2 Reliable noticing the borders of the table
Beside the cell information about cells (data, headers and position), if the user is specially informed about the border cells; first (leftmost) or last (rightmost) cell of a row, first (top) or last (bottom) cell of a column, beginning and end cell of the table, when they reach them while navigating, it may help the user to understand the structure of the table easily. Moreover it may help in orientation to table while navigating and to understand the ‘where am I’ information easily.

2.4.3 High level navigation

Although table is a two-dimensional structure, sometimes data in it is organized as one-dimensional as rows or columns. Thus the way of reading the table semantically is not reading cells individually but reading entire cells in the row or column together. If it is not the case of reading cells individually for a table then it is not the case of navigating cell by cell in it.  Thus, it would be better to provide row by row or column by column navigation capability and also to give the control to the user to choose the way of navigation. This may have an effect on becoming active reader. 

Moreover, moving cell by cell may be time consuming and frustrating (because of small movements in the table) and it may be a wrong way to have the contents of entire row or column depending on the information in the table. So it would be better if navigating row by row and column by column, and getting entire row and column content capabilities are provided and as sighted people have the ability to choose the way of accessing table, Visually Impaired user have the chance to choose the way of accessing table.

2.5 Semantic interpretation.

As we emphasized before, sighted people do not only use tables to access linear information but also facilitate the usage of it such as comparing data between rows and columns. They can be considered as semantic interpretation of the table, it depends on the context of the table, especially if the data in table is non-verbal, then the comparison is one of the fundamental semantic interpretation that can be performed in those kinds of tables.

The user may have a task to achieve these semantic interpretations; such as having a task to compare rows and columns. Having a task may simplify the complexity of interpretation. For instance, if the user wants to compare two columns, doing it manually (reading a cell form one column and then reading other cell from other column) can be really difficult, if columns are not consecutive. Instead a column comparison task may be provided to the user and by performing this task, the user can easily get the comparison of columns. Similarly, row comparison task may be provided.

The cells of a table can be accessed through the intersection of rows and columns. This is another way of doing semantic interpretation since it usually depends on the semantic included in the table. The user may have another task to access cells of the table as intersection of rows and columns. As sighted people do, they may choose which column and row intersection, he (she) wants to read. 

 Design of EVITA
The aim of the design of EVITA is to enable Visually Impaired people to navigate, browse and specially read the information in tables. The following three aspects form the basis of the design;

1. Problems and inabilities that Visually Impaired people have with the technological advances for handling tables

2. How sighted people access tables

3. What are the different ways of reading and accessing tables.

The first aspect is discussed in Chapter 3, second and third aspects are discussed in Chapter 2. So concerning all the three aspects and the indicated strategies for problems in previous chapter together, the following features would be included in the system:

1. Outline of the table.

2. Cell Presentation.

3. Low level navigation.

4. High level navigation.

5. High level tasks.

We first investigate the ways of orienting Visually Impaired users to the contents of a table and the ways that may enable them to have an idea about the structure of the table. Secondly; the ways of presenting the content of the cells and how this presentation can be improved. Thirdly; we will discuss what can be the primitive navigation capabilities that will enable the user to navigate cell by cell. Fourthly; we will have a closer look to what the more advanced navigation techniques can be and finally, how can the ways that enable the user to perform some high level tasks such as intersection and comparison be.

After discussing what kinds of features will be included in EVITA, we will discuss some fundamental design issues about it. First we will talk about how the user is going to control the system; the command language. Then, we will discuss possible approaches providing the user all the functions including the control mechanism that we will support in the system; modal/ non-modal.

2.6 Features of EVITA
2.6.1 Outline of the table

Understanding the layout and structure of the table may be the key for reading, navigating and browsing tables. It may help Visually Impaired users in orientations to the content of a table and it may help them to know what to expect from a table and to infer the structure of the table.

The importance of obtaining layout information of the table is discussed in Chapter 3 under the topic table abstractions. Concerning the strategies stated for them, two different approaches may be considered for obtaining the outline of the table; active and passive. They are differentiated as active and passive because in passive, Visually Impaired users will be provided only static information but in active, the users will dynamically obtain the information because navigation capabilities will be provided. The two categories of functions are as follows:

1. Passive: Users will be able to control information flow but they will not dynamically participate in obtaining them. Therefore, this is stated as ‘passive’, the user is passive in getting information. Three different functions will be provided as ‘passive’ and they are as follows:

1.  Get summary: As it was indicated in Chapter 3 under the topic table abstractions, improved provision of summary would be more useful. So the user will get summary that would be provided as ‘summary’ attribute of table tag and beside this, three more different information will be provided. So totally four different information that will be provided with this functionality are as follows:

1. The summary attribute in the table tag.

2. Total number of columns.

3. Total number of rows.

4. The caption of the table. 

2. Get column headers: User will be able to get all the column headers with this functionality. This is actually a part of summary about the table, so it could be given with the ‘get summary’ functionality also. However, we preferred to provide the column headers as a separate functionality. The reason is not to give too much information at the same time. If the table is small, then it may not be too much information but if the table is big then it could be information overload. So we have to think both cases and adapt to the worst case. Additionally, it would be better if they have the control over information. If they want or need to listen to all column headers, then they can easily access them with this functionality.

3. Get Row Headers: User will be able to get all the row headers with this functionality. Row headers may be as important as column headers depending on the data organization and type of table. Providing this functionality also has all the reasons stated for ‘get column headers’ functionality. Reading all of them may also help the user to have an idea about the structure of the table and the kind of information included in it.

2. Active: The following functions are classified as ‘active’ since the user will dynamically participate in obtaining outline information. The aim of them is not only to help to obtain the outline information but also as it was stated before, to help the user to establish some orientation to table. They are together named as table orientation and individual functions are as follows:

· Move up

· Move top (first cell in the underlying column)

· Move down 

· Move bottom (last cell in the underlying column)

· Move left

· Move home (leftmost cell in the underlying row)

· Move right

· Move end (rightmost cell in the underlying row)

More detailed explanation for each of these functions will be given in the following sections, since they are the low level navigation functions as well. But they differ from low level functions in a way that, the user will not lose the current position with these functions and can easily find out the information around that cell.

Finally, these functions may be useful while navigating, they may help the user to establish the orientation of the current cell.

2.6.2 Cell presentation

Cell will be the crucial part of most of the functions that will be provided in the whole system. So it is important if the user can understand its content easily and can reach the information about it effectively. If the user can understand the cell content, then the achievement of most of the functions becomes easier.

There are four important information about cells; content (data), position, row header and column header. Concerning these four information and strategies that are discussed in Chapter 3 under the topic cell concept, the following four different functions will be provided:

1.  Get content: User can get the cell content by this functionality and he (she) will be able to repeat it as many times as he (she) wants.

2.  Get Position: The position information will be the row number and the column number at which the underlying cell is located.

3.  Get row header: The row header of the underlying cell will be provided with this functionality. The data in some tables is organized in such a way that cell contents may be meaningless without row header, column header or both of them. Therefore this functionality may help the user to understand the cell content better.

4.  Get column header: This functionality gives the column header of the underlying cell. As it was stated for ‘get row header’ functionality, this may help the user for having a better understanding of the cell content.

Although, these four different information are very interrelated and could be given all together, we preferred to provide a different functionality for each of them individually because of the following reasons;

1. Repeatability: If the functions are provided independently from each other then the user will be able to repeat them independently from each other.

2. Control: The user will have the control of what to read about a cell. If they were provided all together, then the user would lose control.

3. Information overload: It may be too much information to listen at the same time. Short-term memory is easily overloaded leading to loss of information flow [20].

4. Distraction: If the structural information (position and headers) is provided together with data, then they may cause the user to be distracted from the cell’s content, or vice versa. If the information in the cell is too much or is really significant then this may cause the user to be distracted from structural information.

5. Tedium: If too much information is provided at the same time, then it may be boring to listen to.

2.6.3 Low Level Navigation

Navigation functions are the potential of controlling the information flow, since the user has the facility to decide at which step where to go while navigating and has the ability to choose what to read next. Consequently, they are the potential of reading capability, so this explains the importance of the navigation capabilities. By the help of them, Visually Impaired people may be enabled to access data as if they are reading them. 

Visually impaired users are not able to navigate and browse tables with most of the technological advances. This problem was discussed in previous chapter under the topic navigation and browsing, and we concluded that if navigation capability will be provided, there should not be any restrictions for directionality and every part of the environment should be reachable effectively and with not too many steps.

Additionally, The directionality of the information flow should be considered as well. It is usually across row, column or both at the same time. Therefore, as the combinations of all aspects, eight low level navigation functions, which are given in Table 5.1 will be provided. ‘Current cell’ concept will be maintained throughout the system. So for all of the low level navigation functions, the focus will be changed from current cell to the specified new focus which are tabulated in Table 5.1.

	Function
	New focus

	Move up
	One cell up in the current column 

	Move top
	Uppermost cell in the current column 

	Move down
	One cell down in the current column 

	Move bottom
	Lowermost cell in the current column

	Move left
	Previous cell in the current row 

	Move home
	Leftmost cell in the current row 

	Move right
	Next cell in the current row 

	Move end
	Rightmost cell in the current row


Table 5.1 Low level navigation functions

2.6.4 High Level Navigation

Low level navigation capabilities (cell by cell navigation) may not be enough to achieve efficient navigation capabilities. Although the cells are the primitive parts of the table, sometimes reading entire row or column may be more logical. So reading entire row or column may help the user to have better understanding than reading individual cells. Consequently, navigating row by row or column by column may help the user to have better control over the information in tables which contains data that is organized as row by row or column by column. Despite the fact that this may be more efficient in ‘some’ tables, we decided to provide this capability regardless of the type of the table and give control to the user to decide which way of navigation is better for specific table as sighted people have chance to decide.

Visually impaired users are not able to access entire row, entire column and to navigate row by row or column by column with most of the recent technological advances. We discussed these problems in Chapter 3 under the topic navigation and browsing. Concerning these strategies and what we discussed here, we decided to provide 10 high level navigation functions which are given in the Table 5.2. 

‘Current cell’ concept will be preserved in these high-level navigation functions as well. Since row and column navigation movements are distinct from each other and we know the advantage of using landmarks while navigating as we discussed in Chapter 3 under the topic problem of being lost while navigating, we have to have two more different landmarks. However, this is not efficient. The user has to maintain three different landmarks, which means three different concepts, this can make navigation complicated. We have to avoid this kind of navigation because as it was stated it may be complicated to maintain. Our aim is to provide as simple capabilities as possible that will enable Visually Impaired users to easily understand and use them. Therefore we decided to keep on using the same landmark, as it is in low level navigation which is ‘current cell’. The current cell will be changed with respect to the type of navigation that can be either row by row or column by column. So if a row by movement has been done, then the current cell will be the cell with same column but with new row, otherwise if a column by movement has been done, then the current cell will be the cell with same row but the new column. 

	Function
	New focus
	Output

	Move previous row
	Cell in the previous row with same column
	Entire previous row

	Move top row
	Cell in the first row with the same column
	Entire uppermost row

	Get current row
	Will not change
	Entire row of the current cell

	Move next row
	Cell in the next row with the same column
	Entire next row

	Move bottom row
	Cell in the last row with the same column
	Entire lowermost row

	Move previous column
	Cell in the previous column with the same row
	Entire previous column

	Move first column
	Cell in the first column with the same row
	Entire leftmost column

	Get current column
	Will not change
	Entire column of the current cell

	Move next column
	Cell in the next column with the same row
	Entire next column

	Move  last column
	Cell in the last column with the same row
	Entire rightmost column


Table 5.2 High level navigation functions
2.6.5 High Level Tasks

Visually impaired people are not capable of performing some semantic interpretations on tables with any of the recent technological advances, as discussed in Chapter 3 under the topic semantic interpretation. On the other hand, sighted people can facilitate the usage of table with various kinds of semantic interpretations such as accessing cells of a table as intersection of row and column or comparing columns or rows. But these interpretations depend on the type of the table that is how data is organized in it; what is the semantic of the table. For instance, Table 5.3 shows the groupings of the words according to their pronunciations;

	Group-1 (like eat)
	Group-2 (like it)
	Group-3 (other)

	Please
	Live
	Five

	Green
	Give
	Friend

	Police
	Dinner
	


Table 5.3 Group of words according to the pronunciation
It is a small and simple table, which semantically has column names but not row names. So it is not a logical way to access cells of this table as intersection of row and column. 

Sighted people can easily decide which way is the logical way to access tables and they use the best one which suits their needs. Therefore, we will provide the functionality to the users and enable them to choose which way is the best way for them to access the table. Visually impaired people will have the capability to perform the following two ways of semantic interpretations on the tables;

1. Intersection

2. Comparison
Task based approach will be used for both of them as it was discussed before. We will propose some methods that we believe can help Visually Impaired people to perform these semantic interpretations easily and they will be discussed individually for each of the capability that will be provided. 

1. Intersection: The Figure 5.1 explains what is accessing a cell as intersection of row and column.


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Figure 5.1 Illustration of accessing a cell as intersection row and column

The cell content is accessed after choosing the column and row. For example, this way of accessing may be useful for Table 5.4; it shows the trigonometric ratios of special angles;

	
	0(
	30(
	45(
	60(
	90(

	Sin (
	0
	0.5
	0.70
	0.86
	1

	Cos (
	1
	0.86
	0.70
	0.5
	0

	Tan (
	0
	0.57
	1
	1.73
	(

	Cot (
	(
	1.73
	1
	0.57
	0


Table 5.4 Trigonometric ratios for the special angles

If the user wants to learn the value of cos 60 then he (she) can access the cell that holds the value of Cos 60 as intersection of row 3 that is Cos ( and column 5 that is 60( and read the intersection cell.

The capability to access intersection cell of a row and a column can be provided with the following three methods;

1. Specifying row and column number: The user can specify the row number and the column number that he (she) wants to read the intersection of. For example in Table 5.4, in order to read the Cos 60(, the user will be able to specify row number as 3 (Cos () and column number as 5 (60() and will access the intersection cell of them that is; 0.5

2. Specifying row and column header: All the row headers will be supplied to the user for choosing the one that he (she) is interested in and then all the column headers will be supplied for choosing the one that he (she) is interested in. or vice versa, first the column header then the row header will be chosen. After choosing both headers, the user will access the intersection cell of the row that is represented by row header and the column that is represented by column header. For example, in order to read Cos 60( in Table 5.4, the steps will be as follows:

1. Row headers will be provided to the user: (Empty cell, Sin (, Cos (, Tan (,      Cot ()

2. User will choose one of them: (Cos ()

3. Column headers will be provided to the user: (Empty cell, 0(, 30(, 45(, 60(, 90()

4. User will choose one of them: (60()

5. And the user will access: (Cos 60() that is 0.5.

3. Navigating in the first row and column: The low level navigation capabilities will be used in this method. The Figure 5.2 shows the primitives of this method.


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Figure 5.2 Possible low level navigation in navigating in the first column and row method

The user will navigate in the first row to select the column, then will navigate in the first column and select the row, or vice versa; navigate in the first column then navigate in the first row. After selecting both row and column, the user will access the intersection cell, in order to access Cos 60( in Table 5.4, the steps will be as follows:

1. Navigate in the first row for choosing the column;


	
	0(
	30(
	45(
	60(
	90(


2. Navigate in the first column for choosing the row;

	

	Sin (

	Cos (

	Tan (

	Cot (


3. Accessing the intersection of the selected row and column, in this case it is Cos 60(, 0.5.

These three methods will be evaluated. We will compare implementations of them and try to find out which one is more efficient, which one is simpler to use and which one is mostly preferred by the users.

2. Comparison: Basically two types of comparison will be provided; row comparison and column comparison. However, the methods that we propose will be the same for both of them. Therefore, we will discuss the methods generally, not specifically the row or column. The following two methods will be provided;

1. Specifying numbers: The user will specify the row and column numbers that he (she) wants to get the comparison of. He (she) will be able to compare more than two rows or columns. For example, Table 5.5 shows the phone rates from BT and Planet Talk for four different countries;

	
	BT
	Planet Talk
	Saving

	USA
	24 p
	3 p
	87 %

	OZ
	49 p
	5 p
	89 %

	India
	$1.20
	33 p
	72 %

	France
	28 p
	6 p
	79 %


Table 5.5 Phone rates from BT and Planet Talk

So if the user wants to compare the phone rates for BT and Planet Talk, he (she) will be able to specify first column number as 2 (BT) and second column number as 3 (Planet Talk) and will get the comparison of them as follows:

BT

Planet Talk

24 p

3 p

49 p

5 p

£1.20
33 p

28 p

6 p

Besides the column comparison, the user may want to compare rows. For example, concerning the table, the user may want to compare the phone rates from two company and savings for USA and France. So he (she) can command as ‘I want to compare row 2(USA) and row 5 (France), then he (she) will get the comparison as

USA

France

24 p

28 p

3 p

6p

87%

79%

2. Maintaining a bag: This method is as follows; there will be two ‘bags’ that are named as ‘column bag’ and ‘row bag’. The user will maintain these bags throughout the system. When the system is first initiated, these bags will be initiated as empty. Users will be able to add rows to row bag and columns to column bag during the navigation. Similarly, they will be able to remove a row from row bag and a column from column bag during navigation. Additionally, they will be able to empty the ‘bags’ that is all the rows from the row bag and all the columns from the column bag will be removed by a separate function. For instance, if the user wants to compare phone rates from BT and Planet Talk, then while navigating in the table, the user can add column 2 (BT) and column 3 (Planet Talk) into the column bag and can get the comparison of them. Similarly, if the user wants to compare the phone rates from two companies for the USA and France, he (she) can add row 2 (USA) and row 5 (France) into the row bag while navigating and compare them.

The proposed two methods for comparison will be implemented in the system and they will be evaluated concerning some aspects such as which one is easier to use, which one is more efficient and so on.

2.7 Command Language

Visually impaired users do not have visual access to the user interfaces. In other words, they are not able to access the functions in the way that sighted people access. So the control of the system needs to be another alternative, rather than mouse. The numeric keypad either integrated in the keyboard or separately attached may be an alternative way for accessing the functions of the system. Since the keypad is small, simple concepts can easily be created on it as a command language. Individual keys and combinations of keys represent commands that tell the system what to do.

Since the number of individual keys are not enough to cover all the functions that will be provided, some key combinations will be used as well. Before giving the exact commands for each function that will be provided in the system, we will make the decision about the general usage of each key on the keypad. We will try to keep the commands as consistent as possible in the entire system. The general usage of each of the keys on the keypad is given in the Table 5.6. 

	Key
	General usage

	Numbers
	Navigation and exploration

	/
	Entire column or modifier

	*
	Entire row or modifier

	-
	Remove operation

	+
	Additional information

	Enter
	Modifier key

	. (Del)
	Delete operation

	0 (Ins)
	Intersection


Table 5.6 The general usage of the keys in the command language

These generic keys are categorized into three according to their usage in the commands. These categories are as follows:

1. Primitive keys (PK)= Number keys(1-9)

2. Modifier keys (MK)= Enter or ‘-‘

3. Primitive-modifier keys (PMK)= ‘/’, ‘*’, ‘Del (.)’, ‘+’ or ‘Ins(0)’ 

So the command language will be the different combinations of these categories and the general representation of the command language is as follows and the explanation is tabulated in Table 5.7:

[MK] PK or [PMK] PK or [MK] PMK

	Representation
	Meaning

	[MK] PK 
	Either single primitive key or single primitive key modified by a modifier key

	[PMK] PK 
	Either single primitive key or single primitive key modified by a primitive-modifier key

	[MK] PMK
	Either single primitive-modifier key or single primitive-modifier key modified by a modifier key


Table 5.7 Explanation of the command language representation

2.8 Modal/ Non-Modal Interfaces

Since the number of functions that will be provided are more than the number of individual keys on the keypad, different key combinations have to be used as commands. Although this is a solution for lack of individual key commands, still it may not be efficient because the system can eventually run out of reasonable key combinations. So an alternative approach may be using modality in the system. Some functions may be provided in different modes in order to have fewer key combinations as commands for achieving these functions. Although keys will behave different in each mode, the general representations of the keys will be preserved in order to make the command language as simple as possible. 

It is not easy to decide which way, having modes or more complicated key combinations, as commands are more satisfactory to the user. So we will implement two different versions of the system; one is modal and the other is non-modal. In the modal one, a modality concept will be used and there will be multiple modes. The other will be a single mode. After implementing both of them, we will setup experiments with both of them and evaluate which one is more satisfactory to the users.

In the modal version of the system, there will be three modes; 

1. Normal mode: The Low level navigation, cell presentation and outline of the table functions will be performed in this mode;

2. Entire row/ column mode: This mode is for high level navigation functions;

3. Intersection mode: This mode is for accessing cell as intersection of row and column.

When the system is initiated, by default the user will be in normal mode. The user will be able to switch to Entire row/ column mode and intersection mode while he (she) is in the normal mode. For switching between modes, two more functions will be added for the entire row/ column mode and intersection mode, which are entering and leaving commands for these modes from or to the normal mode. Additionally, in order to enable the user to be aware of the current mode, ‘getting current mode’ functionality will be added. Since there will be three different modes and some keys will behave differently in each mode, the user can easily forget which mode is the current mode and may want to learn the current mode. 

Implementation of EVITA
This chapter will focus on the implementation of the system. The system is implemented using ‘Java’ which is an object- oriented programming language. In Chapter 3 in the first problem and its strategy, we discussed the problem of depending on the visual presentation of the tables for presenting them in audio. Concerning the problem and strategy, we analyzed the HTML document in order to present the tables in them to Visually Impaired users. So we need to read the HTML file from Java code. We decided to use the Document Object Model (DOM) which is a set of platform and language neutral interfaces that allow programmer to access and modify the content and the structure of XML/ HTML documents [19]. However Java implementations of these interfaces are not provided, therefore, we used an XML/ HTML parser, which implemented these interfaces. A DOM XML/ HTML parser is a Java program that converts the XML/ HTML documents into Java object model [19]. Using a parser, we accessed the objects that are instantiated by the parser instead of reading information directly from the HTML document from our code.

In this chapter, we will first talk about the Document Object Model, then the DOM XML/ HTML parser. Then we will discuss our Java program. Finally, we will discuss how the features, which were explained in chapter 5, are implemented.

2.9 The Document Object Model (DOM)

The Document Object Model (DOM) is an application-programming interface (API) for HTML and XML documents. It defines the logical structure of documents and the way a document is accessed and manipulated. With the Document Object Model, programmers can build documents, navigate their structure and add, modify or delete elements and content. Anything found in an HTML or XML document can be accessed, changed, deleted or added using the Document Object Model. As a W3C specification one important objective is to provide a standard programming interface that can be used in a wide variety of environments and applications [31].

The Document Object Model is based on an object structure that closely resembles the structure of the document it models. For instance, if we consider this table, taken from an HTML document:

<TABLE>

<TBODY>

<TR>

<TD> Module </TR>

<TD>Feature String </TR>

</TR>

<TR>

<TD>HTML </TR>

<TD>HTML </TR>

</TR>

</TBODY>

</TABLE>

The DOM represents that table like:


Figure 6.1 DOM representation of <TABLE> tag

As it can be seen from Figure 6.1, in the DOM, documents have a structure, which is very much like a tree. The document object contains a tree of nodes that contain the data and the structure of the information that is contained in the XML/ HTML document and this tree of nodes can be accessed and modified using the DOM API [19]. Although the Document Object Model (DOM) represents the information in an HTML document as a tree of nodes, we will not concentrate on the whole tree. We will focus on the nodes that are related to <Table> tag in the tree.

The name of the DOM API interfaces that represent <Table> tag and related tags are given in Table 6.1.

	HTML tag
	Interface

	<Table>
	HTMLTableElement

	<Caption>
	HTMLTableCaptionElement

	<Col> and <ColGroup>
	HTMLTableColElement

	<Thead>, <Tfoot> and <Tbody>
	HTMLTableSectionElement

	<Th> and<Td>
	HTMLTableCellElement

	<Tr>
	HTMLTableRowElement


Table 6.1 Name of the DOM API interfaces for the <Table> tag and related tags
As we said before the implementation language will be Java for the system. So we need to access the information in HTML document using our Java code. Since the HTML file is just a text file, we could write our own text file reader, which interprets the information in the HTML document in a way that our code could use. But it is very time consuming to write such an HTML document reader and we had already known that there are some free parsers that implemented Document Object Modeling APIs [19]. Therefore, we decided to use one of them.

2.10 DOM XML/ HTML Parser

A DOM XML/ HTML parser is a Java program that converts HTML documents into some Java object model. Once the HTML document is parsed successfully, it exists in the memory of the Java Virtual Machine as a bunch of objects. The information in this document can be accessed and modified through these objects in the memory instead of manipulating the HTML document file directly. So the DOM XML/ HTML parser creates a Java document object representation of the HTML document file. In other words, the parser creates some objects that are instances of some classes that implement certain interfaces in the DOM API and these objects are instantiated when the parser reads the document. The Figure 6.2 illustrates the entire process;

  

Figure 6.2 HTML parser and DOM layer

There are free parsers that are provided by many companies and we chose to use Docuverse DOM SDK, which is a full implementation of the W3C DOM (document Object Model) API in Java and provided by company called Docuverse. Since we needed to parse HTML documents into Java objects, we used HTML SDK from Docuverse which is a SWING based HTML parser with SAX and DOM reader support. 

2.11 Overview of EVITA
In this section we will have a closer look at the implementation of the system. As we emphasized before, there are two versions of the system, which are named as modal and non-Modal. We will only have a closer look at the modal version of the system since both of them has the same class hierarchy and same programming approach is used for them. The class diagrams and objects diagrams for both versions are given in Appendix A. 

The system is divided into three parts:

1. Interface handler

2. DOM/ HTML parser

3. Command handler

The first is for creating the visual interface of the system. Second is for communicating with a web server, getting HTML file and converting <Table> tag and related tags into Java objects. And the third is for interpreting and responding the commands that will be entered through the keypad.

1. Interface handler: The visual presentation of the system is unimportant for the functions that will be provided since the user will not interact with the visual presentation. He (she) will use commands through the keypad as it was explained in Chapter 5. Although it is unimportant, we needed an environment to listen to the keypad and respond to the commands. Therefore, a frame-based environment is created. ModalFrame is the class that supports the creation of a frame. In other words, it is the class whose instance will be used to create the entire frame-based environment. It is a subclass of the JFrame. 

There are three menus in the frame-based environment; File, Edit and Help menus. In File menu, there are five menu items, which are named as open, show, hide, next and previous. In Edit menu there is only one menu item that is named as preferences and in Help menu, there is only one menu item that is commands. Additionally, in the environment, there is a text field that will be used for entering the address of the web page and a label that is used for labeling this text field. Finally, a Jtable is used for the visual presentation of the underlying table since while the experiment not only visually disabled people will participate but also sighted people will as well. So at the end of the experiment, they can see the visual presentation of the table. But this visual presentation will not be used for the audio presentation. ModalTableModel class is used as modeling for this JTable that is a subclass of AbstractTableModel.

The system environment is frame-based so an instance of ModalFrameHandler that is a subclass of WindowAdapter is used for handling the window operations such as closing, activating and so on. 

2. DOM/ HTML Parser: As it was stated before Docuverse DOM SDK is used for parsing the HTML tags into Java objects that are the instances of the implementation classes of the DOM API interfaces. These objects are used throughout the system for accessing the information in and about the table, rather than accessing the HTML file.

3. Command handler: ModalTableHandler is the command handler class. It is an implementation of the KeyListener interface that is a listener for receiving keyboard events (keystrokes). Instance of ModalTableHandler is registered as KeyListener to the instance of ModalFrame (Environment). It is the class that has the responding functions to the keypad. In other words, it is the class that provides the implementation of the functions. It does not have direct access to the current cell but the instance of it can access it through the instance of ModalFrame class since the association is bi-directional. 

Since ModalTableHandler is an implementation of the interface KeyListener, the implementation of keyPressed, keyReleased and keyTyped methods are provided. Whenever the user presses a key on the keypad, a keyboard event is created and keyPressed method is invoked with this event, then when he (she) releases the key, another keyboard event is created and keyReleased method is invoked with this event. So keyReleased and keyPressed methods are used to decide on modifier keys, if the user is holding down a key while pressing another one. As result of this decision some variables are modified. Then keyReleased method invokes another method that is named as doAction with the virtual key code of the key that was pressed once. The virtual key code is obtained by invoking getKeyCode method by using the keyEvent. doAction method decides on the command by using the virtual key code and other modified variables that are modified by keyPressed and keyReleased. According to the command, related methods are invoked for achieving the functionality. For instance, if the user presses ‘key-8’ while in the Normal mode then keyReleased method will send the virtual key code of this key to the doAction method. This method will decide that is a command for moving (navigating) up and the corresponding methods will be invoked for this functionality. 

As it can be seen from Figure 6.1., Document Object Model (DOM) represents a table as a collection of rows and rows are represented as a collection of cells. So command handler will maintain collection of rows, which represents the underlying table. Since DOM does not explicitly represent columns; there is no declared interface representing the columns. So the collection of rows and cell index are used for obtaining a specific column. For example, if the user wants to read entire column two then the cells with index 1 (because it starts from 0) will be obtained from each row of the collection of rows. 

Finally, modality is also maintained in the ModalTableHandler class. An integer variable and three constants are used for this purpose that are named as Normal, Intersection and WholeColumnRow. Whenever the user switches between modes then the variables will be updated.

2.12 Implementation Details of EVITA
The implementation details of the provided functions will be explained for both versions of the system; modal and non-Modal. But before explaining in detail both versions of the system, we will explain the common parts of them. First, we will explain the visual environment and then the implementation details of function categories that were named as outline of the table, low level navigation and cell presentation functions. Implementation details of outline of the table, low level navigation and cell presentation functions are tabulated in Table 6.2, Table 6.3 and Table 6.4. And Figure 6.7 clarifies the presentation terminology for the low level navigation functions. The Figure 6.3 shows the main environment of the system. 
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Figure 6.3 Main frame of the system

As it can be seen from Figure 6.4, in file menu there are six menu items. All of them have a keyboard shortcut, so the user can easily reach them. open can be used to open new web page or file, it takes the focus to the location, so the user can type the location of the file. hide is used to hide the visual presentation of the table and ‘show’ is used to show it, if it has been hidden. next and previous menu items can be used to get either the next or the previous table in the document. And exit can be used to exit from the whole system.
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Figure 6.4 File menu of the system

As it can be seen from Figure 6.5, in the edit menu there is only one menu item that is named as ‘preferences’. This menu item will show the Figure 6.6, which can be used to do changes to the preferences.

If the user selects the check box that is update current cell with the intersection cell, then after accessing a cell as intersection of row and column, the current cell will be updated with this cell. If it is not selected, the current cell will not be changed after accessing a cell as intersection of row and column. Additionally, the user can specify how many headers he (she) wants to read by the functions ‘get row headers’ and ‘get column headers’. If any number will not be specified, then all of the headers will be given to the user. Otherwise, that much of header will be given.
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Figure 6.5 Edit menu of the system
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Figure 6.6 Preferences dialog box

	Action
	Command 
	Implementation details

	Get summary
	+
	Four different information provided are; 

1. If the summary attribute in the table tag is specified then it is given, otherwise it is not mentioned (message: ’Summary:’)

2. Total number of columns (message: ’Number of Columns:’)

3. Total number of rows (message: ‘Number of Rows’)

4. If the caption element for the table tag is specified, then it is given, otherwise it is not mentioned (message: ‘Caption:’).

	Get column headers
	+ & /
	If column headers are not specified explicitly by the <Th> tag in the HTML file then the first row values are given and the user is not informed about this explicitly but they are presented to the user in two different ways. If they are specified as header, then they are presented as ‘Column (column number) Header: ’, otherwise they are given as ‘Column (column number): ’.

	Get row headers
	+ & *
	They are presented in the same way as ‘get column headers’.

	Exploring table (without losing the current position)
	Enter & (8, 9, 2, 3, 4, 7, 6, 1)
	User is able to perform low level navigation functions without losing the current position. So all the presentations are same with low level navigation functions.


Table 6.2 Implementation details of outline of the table functions

	Action 
	Command
	Implementation details

	Get content
	5
	If the current cell is empty, the user is informed that it is empty (message: ‘Current cell: Empty Cell’), otherwise current cell content is given. (message: ‘Current cell:’).

	Get position
	+ & 5
	The current cell position with respect to table is given as absolute column number and row number (message: ‘Column: x   Row: y’).

	Get row header
	+ & 7
	If row header is not specified for the current cell in the HTML file (with <Th> tag) then the first cell in the same row is given. If it is empty, the user is informed about it (message: ’Row Header:’).

	Get column header
	+ & 9
	It is presented in the same way as ‘get row header’


Table 6.3 Implementation details of cell presentation functions

	Action
	Command
	Implementation details

	Move up
	8
	If the current row is the top row, the user cannot move up (message: ‘Top Row’), otherwise focus will be changed one cell up.

	Move top
	9
	If the current Row is top row, the user cannot move top (message: ‘Already at the Top’), otherwise focus will be changed to uppermost (first) cell.

	Move down
	2
	If the current row is the bottom row, the user cannot move down (message: ‘Bottom Row’), otherwise focus will be changed to one cell down.

	Move bottom
	3
	If the current row is the bottom row, the user cannot move bottom (message: ‘Already at the bottom’), otherwise focus will be changed to lowermost (last) cell.

	Move left
	4
	If the current column is first column, the user cannot move left (message: ‘First Column’), otherwise focus will be changed to previous cell.

	Move home
	7
	If the current column is the first column, the user cannot move left (message: ‘Already in the First column’), otherwise focus will be changed to the leftmost (first) cell.

	Move right
	6
	If the current column is the last column, the user cannot move right (message: ‘Last Column’), otherwise focus will be changed to one cell right.

	Move end
	1
	If the current column is the last column, the user cannot move right (message: Already in the Last Column), otherwise focus will be changed to the rightmost (last) cell.


Table 6.4 Implementation details of the low level navigation functions

The following figure shows the presentation terminology that is used in low level navigation functions.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Figure 6.7 Presentation terminology for low level navigation functions

	Action
	Command
	Implementation details

	Move previous row
	Del (.) & 8 
	If current cell is not in the top row then the entire previous row is given and the current cell position is updated, otherwise the user cannot move (message: ’Top row’).

	Move top row
	Del (.) & 9
	If the current cell is not in the top row then the entire uppermost row is given and the current position is updated, otherwise the user cannot move (message: ‘Already at the top’).

	Move next row
	Del (.) & 2
	If the current cell is not in the bottom row then the entire next row is given and the current position is updated, otherwise the user cannot move (message: ‘Bottom row’).

	Move bottom row
	Del (.) & 3
	If the current cell is not in the bottom row then the entire lowermost row is given and the current position is updated, otherwise the user cannot move (message: ’Already at the bottom’.

	Get current row
	* & 5
	The user can get the entire row of the current cell.

	Move previous column
	Del (.) & 4
	If the current cell is not in the first column then the entire previous column is given and the current position is updated otherwise the user cannot move (message: ‘First column’).

	Move first column
	Del (.) & 7
	If the current cell is not in the first column then the entire leftmost column is given and the current position is updated otherwise the user cannot move (message: ‘Already at the first column’). 

	Move next column
	Del (.) & 6
	If the current cell is not in the last column then the entire next column is given and the current position is updated otherwise the user cannot move (message: ‘Last column’).

	Move last column
	Del (.) & 1
	If the current cell is not in the last column then the entire rightmost column is given and the current position is updated otherwise cannot move (message: ‘Already at the last column’).

	Get current column
	/ & 5
	User can get the entire column of the current cell.


Table 6.5 Implementation details of high level navigation functions

2.12.1 Non-Modal 

In this section we will talk about the implementation details of the parts of the Non-modal version of the system that are implemented differently from the modal version. High level navigation functions, which are given in Table 6.5, are implemented in the same way, but in modal version, there is a mode for performing them. So there are more functions concerning high level functions in modal version of the system. 

Concerning the high level tasks, the first two methods of intersection, which are named as specifying row and column number and specifying row and column header are implemented in this version and specifying numbers method of comparison are implemented in this version. The details of these methods are as follows:

Specifying row and column number: When the user presses Ins (0) key on the keypad, the following dialog box (Figure 6.8) will appear. 
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Figure 6.8 Specifying row and column number: dialog box for specifying the row number

User can enter a row number and when entered press ‘Enter’, if the entered value is valid (if it is between 1 and total number of rows) then the following dialog box (Figure 6.9) will appear that the column number can be entered, otherwise the user should enter another row number. 
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Figure 6.9 Specifying row and column number: dialog box for specifying the column number

When the user enters column number and presses ‘Enter’, if it is valid (if it is between 1 and total number of columns), then the intersection cell is given, otherwise the user should enter another column number. If the user selects update current cell with the intersection cell option in the preferences then the current cell will be updated with this cell, in other case, current cell is not updated.

Specifying row and column header: In this implementation again an interactive dialog box (Figure 6.10) is used. But this time instead of entering row and column number, the user can select row and column headers from radio buttons. First the following dialog box will appear that contains the column headers of the underlying table and using tab key the user can activate them.
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Figure 6.10 Specifying row and column headers: dialog box for specifying the column header

 When one of the column headers is selected, Figure 5.1 will appear that contains row headers of the underlying table. 
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Figure 6.11 Specifying row and column headers: dialog box for specifying the row header

When the user selects one of the row headers, the intersection cell will be given to the user. The current cell will be updated according to preferences. This task can be cancelled by pressing Esc in any of the dialog box.

Specifying numbers (column comparison): A column bag is maintained for column comparison, when the user presses key (/) on the keypad, the following interactive dialog box (Figure 6.12) will appear for entering column numbers and each time an empty column bag is created. 
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Figure 6.12 Specifying numbers: column comparison dialog box

When the user enters a column number and press Enter, a validity check will be done for this column number (if it is between 1 and total number of columns). If it is valid it will be added to the bag, else the user will be informed that it is wrong. This task can be cancelled by pressing Esc. Pressing key (/) can do the comparison for the columns in the bag.

Specifying numbers (row comparison): A row bag is maintained for row comparison, when the user presses key (*) on the keypad, the following dialog box (Figure 6.13) will appear for entering row numbers and each time an empty column bag is created. 
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Figure 6.13 Specifying numbers: row comparison dialog box

When the user enters a row number and press Enter, a validity check will be done for this row number (if it is between 1 and total number of rows). If it is valid it will be added to the bag, else the user will be informed that it is wrong. This task can be cancelled by pressing Esc. Pressing key (*) can do the comparison for the rows in the bag.

2.12.2 Modal

It is a mode-based implementation of the system. All functions can be performed in only one mode except the comparison, which is a high level task. Comparison implementation which is ‘maintaining bag’ method can be performed in both normal and entire row/ column mode. Two comparison bags are maintained; one for column comparison and the other one for row comparison. The column comparison bag is as big as the number of columns and the row comparison bag is as big as the number of rows of the table. Function details of the column comparison are given in Table 6.8 and functions details of the row comparison are given in Table 6.9.

As it was emphasized before there are three different modes and the implementation details of these modes are as follows:

1. Normal (cell) mode: is the mode to perform the functions for the outline of the table, cell presentation and low level navigation. They are all implemented in the same way as they are implemented in Non-Modal version (Table 6.2, Table 6.3, Table 6.4). 

2. Entire row/ column mode: It is the mode to perform high level navigation functions. All high level navigation functions are implemented as they are implemented in Non-Modal version (Table 6.5) but some more functions are added because of modality. These additional functions are tabulated in Table 6.6.

3. Intersection mode: It is the mode in order to access cell contents as intersection of columns and rows. In this mode implementation of the ‘Navigating in first row and column’ method for intersection is provided which was explained in previous chapter. In this mode the user is allowed to do movements in the first row for selecting the column header and in the first column for selecting the row header. By default, selected row and column number is one, this means when the user enters to this mode, can start doing movements initially from the first cell of the table (row number=1 and column number=1). Following figure (Figure 6.14) summarizes the possible low level navigation functions (move left, home, right, end, up, top, down and bottom) (Table 6.4) that can be performed in the first row and first column. Other functions for this mode are tabulated in Table 6.7.


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Figure 6.14 Possible low level tasks with the Navigating in the first column and row method
	Action
	Command
	Implementation details

	Entering to the mode
	(.)
	In order to change current mode to this mode, the current mode should be Normal (cell) mode. When the user enters this mode, he (she) will be informed about the mode changing.

	Leaving the mode
	(.)
	If the current mode is this mode, then the user can leave this mode and turn back to Normal (cell) mode.

	Access current mode
	Enter & (.)
	User can get the current mode.


Table 6.6 Additional functions for performing high level navigation functions in modal version of the system
	Action
	Command
	Implementation details

	Entering the mode
	Ins (0)
	The current mode should be Normal (cell) mode in order swap this mode.



	Leaving the mode
	Ins (0)
	When the current mode is this mode, the user can turn back to Normal (cell) mode.

	Update row/ 

Column header
	+
	If the current cell is in the first row and the user presses key (+) on the keypad then the current column will be updated as the column of the intersection cell. But if the current cell is in the first column and the user presses key (+) then the current row will be updated as the row of the intersection cell.

	Get position
	+ & 5
	Position and header name will be given

	Get intersection content
	5
	Intersection cell content of row and column that was specified will be given and as it was written before if they are not specified, by default they are first column and first row.


Table 6.7 Implementation details of navigating in the first row and column method of intersection

	Action
	Command
	Implementation details

	Add column to bag
	Ins  (0) & /
	Column of the current cell can be added to the bag. If it is already in the bag, the user will be informed and it will not be added to the bag.

	Remove column from bag
	- & /
	If the column of the current cell is in the bag, it can be removed from the bag. But if it is not in the bag and the user tries to remove it from the bag then the user will be informed that it is not in the bag.

	Clear bag
	Del (.) & /
	The bag will be emptied. All the columns in the bag will be deleted.

	Get columns in bag
	Enter & /
	The column numbers of columns in the bag will be given.

	Compare columns in bag
	/
	All the columns the bag will be compared.


Table 6.8 Implementation details of the maintaining a bag (column comparison) method of comparison

	Action
	Command
	Implementation details

	Add row to bag
	Ins (0) & *
	Row of the current cell can be added to the bag. If it is already in the bag, the user will be informed and it will not be added to the bag.

	Remove row from bag
	- & *
	If the row of the current cell is in the bag, it will be removed. But if it is not in the bag and the user tries to remove it from the bag then the user will be informed that it is not in the bag.

	Clear bag
	Del (.) & *
	The bag will be emptied. All the columns in the bag will be deleted.

	Get rows in bag
	Enter & *
	The column numbers of columns in the big will be given.

	Compare columns in bag
	*
	All the columns in the bag will be compared.


Table 6.9 Implementation details of the maintaining a bag (row comparison) method of comparison

Evaluation 

In this chapter, we will talk about the experiment and evaluation that has been done. The aim of the experiment was to test the different methods that were proposed for the different high level tasks, the effectiveness of the functions that were proposed for all the categories of features of the system and consistency and the usefulness of the command language. We will not test the rendering mechanism used in the system, we will concentrate on the utility of the system.

Five tables, each having five tasks were used in this experiment. This experiment was not a quantitative experiment, we did not measure the time or how accurate were the answers to the tasks that were provided for each table used in the experiment. The participants were only asked to write the functions that they used in order to achieve the tasks. We were in direct communication with the participants throughout the experiment and we could easily observe how they interacted with the system.

In the following sections we will focus on what we wanted to test with this experiment, what kind of materials were used, how was the approach to test the hypothesis that were established and what were the yielded results, suggestions and feedbacks from this experiment.

2.13 Experiment hypothesis

In this section, we will indicate what were the points that we wanted to test with this experiment. There were seven points that would be tested and they are as follows:

1. It was hypothesized that non-Modal version of the system would be easier to use than the modal version of the system.

2. The second method of intersection, which is named as specifying row and column header would be preferred compared to the other two methods that are specifying row and column number and navigating in the first row and column.

3. One of the comparison methods that are named as specifying numbers and maintaining a bag would be better than the other one. 

4. The features, which are classified as outline of the table, would be used for each table and help the user to understand the content of the table.

5. If the cell information (data, row and column headers, and position) was provided individually by different functions, then it would be more effective and useful than providing them all together as a single function.

6. If the user gained experience in the commands of the system then it would be easier to use them. In other words, it would be easier to use them at the end of the experiment then at the beginning.

7. Navigating column by column could be as useful as navigating row by row. Accessing entire column could be as efficient as accessing the entire row.

2.14 Experiment design


A group of nine, normally hearing sighted subjects were used because of availability and experimental practicality. Since sighted subjects were used, another option was added to the system that is hiding the visual presentation of tables. So they would access, navigate and browse table without having visual access to it.

The experiment was devised to have three parts; introduction, body and conclusion. In the introduction and body, the subjects were asked to perform certain tasks on each provided table. In the introduction only one table was provided. The aim of this part was helping the user to understand how system works, what kinds of functions are provided and commands to perform them. This part was not included in the overall evaluation so the subjects were not supposed to write anything during the task achievement. 

In the main part of the experiment, four tables with five tasks per each are provided. The subjects were asked to use these tables and perform tasks and write which functions they used in order to achieve tasks. First, they are asked to perform all tasks on each table with modal version of the system, where navigating in the first row and column method of intersection and specifying numbers method of row and column comparison were implemented. After completing the modal version, the subjects were asked to perform some tasks on each table with non-Modal version of the system. Since some functions are more or less same in both versions, it was not really important to perform all the tasks with this version. But specifying row and column number and specifying row and column header methods of intersection, and maintaining a bag method of row and column comparison were implemented in this version, some tasks were chosen that the user might use the functions that have different methods such as intersection and comparison (row and column). 

In the conclusion part of the experiment, the subjects were asked to fill out an experiment evaluation form (Appendix B). 

Evaluation for each of the indicated points would be based on a question that is included in the experiment evaluation form related to some indicated points and observation of the participants throughout the experiment. Observation could be achieved by being in direct communication with each participant during the entire experiment. So the evaluation approach for each of the indicated hypothesis will be as follows:

1. The following question was included in the experiment evaluation form concerning the modality issue:

Which implementation (Modal/ Non-modal) do you think is easier to use and why?

Although the answers of this question would be subjective, by evaluating them we could get a general idea about the usability of both versions of the system. So we will consider which one will be preferred more than the other.  And we will try to observe how participants will interact with both versions and evaluate the reasons that would be given for the specified question. 

2. The following question was included in the experiment evaluation form concerning different methods of the intersection:

Which intersection implementation do you think is easiest to use and why?


[image: image14.wmf]Specifying row and column number
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[image: image16.wmf]Navigating in the first row and column


The evaluation approach will be similar to the approach that will be used for evaluating the modality issue. We will try to find out which method will be preferred mostly and what will be the reasons that would be given for the preferred method. Additionally, We will consider what will be the reactions of the participants to each of the methods.

3. In order to find out which method of comparison is better than the other, the following question is included in the experiment evaluation form:

Which comparison implementation is easier to use and why?

[image: image17.wmf]Specifying numbers


[image: image18.wmf]Maintaining a bag


The answers of this question like the question concerning the modality could be subjective as well. So we will not only consider which one is preferred mostly, but we will also use the reasons the participants will state in the evaluation of this hypothesis. 

4. In order to find out if the outline of the table functions would be used for each table and help the user to understand the content of the table, we will consider how often the participants will use these functions. And we will try to observe if they are able to obtain general overview of the underlying table with these functions. The following question is also included in the experiment evaluation form to have the opinion of the participants about these functions:

Do you think you were able to get the general idea of the table and what was the effect of summary (having a general summary about table) on this?

5. There is no question in the experiment evaluation form for finding out which way of cell presentation is more efficient and useful; providing them individually by different functions or all together as single function. But the participants were asked to write the functions that they used in order to achieve tasks. So if participants would use all ‘cell presentation’ functions all together then could be concluded that providing them all together with single functionality is more efficient than providing them independently from each other with individual functions. As opposed to this, if they were mostly used individually then it could be concluded that independent presentations are more efficient.

We would ask suggestions about the cell presentation, how they would like to access the cell information and which way would be easier for them.

6. It was hypothesized that using commands at the end of the experiment would be easier than at the beginning. So the following question was included in the experiment evaluation form concerning this hypothesis:

How complicated you found the command language? 

Beginning:
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      End:
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      1: very easy    2: easy    3: moderate    4: difficult    5: very difficult 



This question will not be the only material that will be used in the evaluation of this hypothesis. A sheet that shows commands was provided to participants and they were also allowed to ask questions about the commands during the entire experiment. So we would observe how often and how many questions, they were asking at the beginning and through the end of experiment.

7. The following approach will be used in order to find out, if navigating column by column could be useful as navigating row by row. We would gather together all the functions the participants were using for achieving the tasks and we could compare how many times they used column by column navigation functions and how many times they used row by row navigation functions. If they used column by column navigation functions as much as they used row by row navigation functions then it was useful to provide it. But if there was an obvious difference between them, then it was not really necessary to provide column by column navigation functions. Additionally, the suggestions of participants and the way they interact with the system could be used in the evaluation as well.

2.15 Materials used in Experiment

Five tables with each having five tasks were used in the experiment (Appendix C). One of them is used in the introduction part and other four were used in the main part of the experiment. The table that is used in the introduction part is a statistical table. It shows the share of market of the major companies in United Kingdom in 1997, 1998 and 1999. This table is not included in the overall evaluation of the system. It was chosen as an introductory table since it exemplifies all the major categories of all declarative and structural aspects. So it might help the user to access all major the functions that are provided in the system. 

The other four tables that were used in the body of the experiment were chosen from different classes of tables that were explained in Chapter 1. The possible declarative and structural aspects of these tables and the introduction table were given in Table 7.1. The four tables are as follows:

1. A ‘Row table’: It is a comparison table for different kinds of shampoos from ‘Tesco’ and ‘Boots’. This table was used because it exemplifies the usage of accessing a table as intersection of row and column, and comparison.

2. A ‘Football League table’: This is a football league table for season1999/ 2000 of English premier league. It was used since it is a well-known and widely used table type, and it may be considered as a very complicated table and used to exemplify all the major categories of all styles.

3.  A ‘rows and columns table’: It shows the comparison of top 10 universities in the United Kingdom according to different aspects. It is used because it exemplifies row by and column by reading and also both kinds of comparison, row and column.

4.  A ‘Time table’: Finally, a train timetable is used which shows the departure and arrival times of trains from ‘Salford Crescent’ to ‘Crewe’. It is used since it is a widely used table and it exemplifies the sequential reading and importance of empty cells. 

	Type and caption of the table
	Reading and navigation styles
	Presentation styles
	Content styles
	Special accessing styles

	Statistical table: Share of market (%)
	· Intersection

· Row by

· Reading with unit

· Random access
	· Ordered
	· Empty cells
	· Comparison

	Row table: Shampoos price comparison
	· Intersection

· Row by

· Random access
	
	
	· Comparison

	Football league table: Season 1999/ 2000 of English premier league
	· Intersection

· Row by

· Column by

· Random access
	· Ordered


	
	· Comparison

	Rows and columns table: The good university guide
	· Row by

· Column by

· Random access
	· Ordered


	
	· Comparison

	Time table: Summer train times: Manchester to Manchester airport
	· Intersection

· Sequential reading

· Random access
	· Ordered
	· Empty cells
	


Table 7.1 Possible declarative and structural aspects about the tables used in experiment

2.16 Results of the experiment

This evaluation was successful in demonstrating the general usability and utility of the system. The participants were able to use the command language (at the beginning they found it difficult but after a time, they were able to use it) and all the functions for each of classified features of the system to accomplish the tasks and demonstrated a high degree of control over the information flow. As well as general success, the evaluation was able to demonstrate some flaws in the design and point towards solutions.

We will discuss the yielded results from the experiment for each point individually, which was indicated in the first section of this chapter as hypotheses.

1. Modal version of the system was preferred compared to the non-Modal version. Six participants out of eight gave modal as answer to the related question in the evaluation form. And they also stated that since less key combinations were used, it was easier, simpler and faster to use. 

We hypothesized that non-Modal version would be preferred because more functions are needed in the modal version for handling modality. But results show that all participants prefer to have control on information flow and they were achieving this, they did not want to access and control with complicated key combinations. Additionally, another reason for choosing modality might be having an organization and partitioning in the entire system. This might match with the organization and partitioning that sighted people have in visual environments. For instance, if the system is complicated and include intensive information, then usually developers prefer to provide different windows each having a different content, so in a non visual environment, modes in the modal version of the system can be considered windows that have different content and provide different functions to the user and since all participants were sighted, this could be a reason for preferring modal version of the system rather than the non-Modal. 

2. The specifying row and column header method of intersection was preferred. Six participants chose this method, two participants, chose the third method that is navigating in the first row and column and none of the participants chose the first method that was named as specifying row and column number. This first method was not preferred at all because participants found it confusing, in order to perform intersection of row and column, the numbers should be known. But the row and column numbers usually are not provided explicitly, and it could be difficult to reach them, particularly in large tables. 

Navigating in the first row and column method was not preferred since it could be time consuming again particularly in large tables. User should navigate cell by cell both first column and first row. The advantage of this method might be control since the user could choose which way to navigate. Despite having advantage, it is still complex and might be time consuming to use. However, specifying row and column header method is simple. The participants that preferred this method found it practical, fast and easy to use and the user friendly, since row and column headers are provided to them independently from the table, which could be considered as an abstraction, this might explain why they found it simple and they have to think neither the directionality nor the row or column numbers.

3. Second method that was named as maintaining a bag was preferred rather than first method that is specifying numbers. Five participants out of eight chose this second method. Although there are less functions related to maintaining a bag and it is faster to get the comparison of rows or columns, it has the same problem with the specifying row and column number method of intersection that is the user should memorize the row and the column numbers. This could be a problem if the user wants to compare more than one row or column. Additionally, if the user wants to repeat the comparison of the same rows or columns, he (she) should start from scratch. However, with maintaining a bag method since a bag is maintained, repeatability is not a problem and the user is able to add row or column into the bag while navigating. In other words, they can immediately add them to bag. They do not have to explicitly decide for comparison, they are able to do it implicitly while navigating with this method. Beside these advantages, they are able to know what kind of information, they will compare from the beginning. 

4. Participants were able to get the general idea about the table. Six participants answered the related question as ‘yes’ and two stated that the functions provided as ‘outline of the table’ were unsatisfactory. And they indicated the reason as it would be more helpful if summary or the semantic of the headers (rows and columns) could be included in the ‘summary’ functionality. 

Most of the participants were first using the ‘outline of the table’ functions when a new table is loaded and afterwards they were able to perform other functions successfully. One of the participants did not use them after the loading of one of the tables, then when he (she) tried to use low level navigation functions, he (she) had difficulties since he (she) did not have an idea about the size and the information included in the table. 

The ‘outline of the table’ functions could be used as a ‘glance’ at the table, they would be able to have general overview which might help them to easily understand the detailed information in the table.

5. It could be concluded that providing ‘cell presentation’ functions independently with individual functions is more efficient then providing them all together with a single functionality. The related results were obtained from the ways that the participants were using ‘ cell presentation’ functions for the achievement of the tasks, and they are tabulated in the following table:

	Function
	Usage Times

	Get content (separately)
	16

	Get row header (separately)
	10

	Get position (separately)
	14

	Get content and get position (together)
	2

	Get column header and get row header (together)
	5

	Get column header and get position (together)
	1

	Get row header (together)
	1

	All ‘cell presentation’ functions (together)
	0


Table 7.2 The results of cell presentation functions usage during the experiment

As a summary of the results that are tabulated Table 7.2, in nine cases two or more functions were used together, 49 times they were used separately and there was no case where all of them were used together. These results show that individual functions are memorable. 

If they were provided all together with single functionality then the user would not have the control over the cell presentation. For instance, although they would not need or want to listen to all of them, they would have to in order to access the last information and they would not able to choose the order to listen them. Finally, concerning all participants’ general idea about this way of presentation is that they were all satisfied.

6. All the participants found the usage of command language through the end of the experiment easier than the beginning of it. Four participants rated as moderate, three participants rated as difficult and one participant rated as very difficult for the beginning. However none of them rated higher than three (moderate) at the end of the experiment; Seven participants rated as easy and one participant rated as moderate. While evaluating these results, we must bear in mind that participants were all sighted people so they do not have as much as experience as Visually Impaired people in controlling the entire system with keyboard, mouse is more convenient for them. But considering the results we could conclude that our commands were consistent enough since after some experience, command language difficulty was rated as half of the beginning. 

As it was stated before, all participants were allowed to ask questions and look at the sheet about the commands. At the beginning all the participants were using this sheet very frequently and were asking questions about commands all the time. But by the end of the experiment, most of them were not using this sheet and they were asking questions very rarely. And when they were asked for the reason of this, the general answer was that they all found the commands consistent enough to remember easily in such a short time. 

7. Column by column navigation functions was used more than row by row navigation functions. Row by row navigation functions were used 11 times and column by column navigation functions were used 16 times. Although the usage of the navigation functions depend on the type of the table; how data organized in it and what kind of information included in it, the results still show that column by column navigation functions are still as useful and efficient as row by row navigation functions.

2.17 Suggestions and Feedback

During the experiment we were in direct communication with the participants so we were able to get their suggestions and also as it was stated before that two more questions were included in the form concerning the suggestions and feedback. So the indicated suggestions and feedbacks are gathered together and they are as follows:

1. Multiple row or column intersection could be provided and this could be used to access a part of the table.

2. It could be better if a entire row or column was not be provided after each functionality of the ‘high level navigation’.

3. Alphabetic ordering or sorting functions could be provided.

4. Calculation functions could be provided on a table that contains non-alphabetic information.

5. Another method could be provided for comparisons by supplying all column and row headers to the user, the user chooses multiple headers and the comparison of the columns or rows that are represented by headers could be offered.

6. Modal and non-Modal versions of the system could be combined together by still preserving the modality but using fewer modes.

7. The third method of intersection that was named as navigating in the first column and row could be improved by enabling the user moving freely rather than restricting the navigation directionality. 

Conclusion and Future work

In this project, we proposed five different classes of features that could help in enabling Visually Impaired people to access tables, which are named as follows:

1. Outline of the table 

2. Cell presentation

3. Low level navigation

4. High level navigation

5. High level tasks

During this project, we mainly concentrated on navigation and high level task capabilities, but this research shows that it would be better if all of them are considered together. Outline of the table features could help the user to understand the structure, orient them to the table and help in gaining an overview of the information included in the table. So outline of the table features may be the key for efficient low level and high level navigation and high level tasks. Similarly, cell presentation features are also important since the cells are the fundamentals of the table, understanding this fundamental may help in understanding the entire structure. So having an efficient cell presentation may affect the efficiency of low level navigation features and high level tasks and they may also help in understanding the overall content of the table. Therefore, gaining an overall efficiency in understanding tables depends on gaining efficiency in all of them. 

As a conclusion, with these proposed features, tables can be browsed and read without using vision as the main sensory support. Future work of this project could include the following points:

1. Although the experiment was successful in demonstrating the usability and utility of the system, all the participants were sighted. Therefore, conducting another experiment with Visually Impaired participants could be an extension to this project. It is important since sighted and Visually Impaired people may interact with the system differently and their expectations and interpretations could be different. For example, as it was stated before that the modal version of the system was preferred and as we discussed this might be because of participants were all sighted. They might have matched the modes of the system with the usage of different windows in visual environments. But if the participants were Visually Impaired, it could be the case that the non-Modal version of the system was preferred. 

2. In this project, we generally considered squared tables where rows and columns are linearly organized. But as it was stated in Chapter 1, not all types of tables are squared, there is a type of table that was named as nested tables where a cell of this kind of table may span more than one column or row. So, as an extension to this project more variety of tables could be considered. The following table is an example of Nested tables:

	Manufacturer
	Processor
	Clock speed
	Price 

($/1,000 units)

	Intel
	Pentium II
	300
	1,981

	
	
	266
	775

	
	
	233
	636

	
	Pentium MMX
	233
	378

	
	
	200
	274

	
	
	166
	142

	AMD
	K6
	233
	289

	
	
	200
	189

	
	
	166
	109


Table 8.1 Processor price comparison
3. There are some styles that we did not cover such as highlights and grouping from presentation styles, special symbols and complex data from content styles. Empty cells, which are classified as content styles, are handled by informing the user that the cell is empty. But this could be improved by providing alternative text rather than just informing the user that cell is empty. 

4. Although the command language was satisfactory, it still needs improvement. So improving the command language could be another extension. We used keys on the keypad as the basis of the command language, but another alternative could be using letters or combinations of letters. For instance for accessing entire next row, instead of using 6 as command, combination of n and r could be used. But this alternative may still have the same problems with our command language such as running out of reasonable key combinations in the case of too many functions.

5. The rendering mechanism used in the devised system could be optimized since it is an important issue in audio systems. It may be difficult to decide on the best rendering way since if sentences are too long, it may be frustrating and as opposed to this if sentences are too short, it may be difficult for the user to understand the sentences.

6. The devised system is implemented as a stand-alone program. But it could be embedded in a web browser or it could be implemented as a script or applet. 

7. Three different methods for intersection and two different methods for comparison were implemented in the devised system. But more alternative methods could be proposed for them. For instance, another method for comparison could be as specifying row and column header method of intersection.

8. Although the participants found the summary of the table satisfactory, it could be improved as well. In the ‘summary’ functionality the summary of row headers and column headers could be provided or the user may be informed what they are in general.
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Appendix A: Class diagrams and object diagrams for the system














Appendix B: Experiment Evaluation Form

1. Which implementation (Modal/ Non-modal) do you think is easier to use and why?

2. Which intersection implementation do you think is easiest to use and why?
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 CONTROL Forms.CheckBox.1 \s [image: image31.wmf]Traversing in the first column and first row for selecting row and column


3. Which comparison implementation is easier to use and why?

[image: image32.wmf]Entering row or column number


[image: image33.wmf]Maintaining a row or column bag during the browsing


4. Do you think you were able to get the general idea of the table and what was the effect of summary (having a general summary about table) on this?

5. How complicated you found the command language? 

Beginning:
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      1: very easy 2: easy 3: moderate 4: difficult 5: very difficult 


6. Was there any task that you wanted to do but you couldn’t do?

7. Any suggestions and feedback…

Appendix C: Materials used in Experiment

1. Statistical table
Share of market (%)

	PRIVATE
 
	1997
	1998
	1999

	M&S
	13.4
	13
	11

	Arcadia
	6.2
	8.4
	8.2

	Next
	3.8
	3.9
	4.5

	C&A
	2.5
	2.4
	2.2

	Bhs
	2.4
	2.4
	2.2

	Sears
	2.4
	2
	

	New Look
	1.4
	1.5
	1.6

	Matalan
	0.8
	1
	1.3

	LittleWoods
	1.5
	1.2
	1.1

	River Island
	1.2
	1.1
	1.1


1. Which years share of markets are given?

2. Which company’s share of market is not given 1999?

3. Which company has the lowest share of market in 1997?

4. What is the share of market of ‘River Island’ in 1997?

5. What is the share of market difference between ‘Next’ and ‘New Look’ in all given years?

2. Row table

Shampoos price comparison

	PRIVATE
 Product Description
	Tesco Price (£)
	Boots Price (£)

	Elvive 200 ml
	1.49
	2.39

	Elvive 300 ml
	2.19
	2.99

	Fructis shampoo 200 ml
	1.59
	2.19

	Fructis Shampoo 300 ml
	2.59
	2.99

	Head & Shoulders 200 ml 
	1.49
	2.29

	Head & Shoulders 400 ml 
	2.69
	3.79

	Organics shampoo normal 200 ml
	1.39
	2.19

	Pantene shampoo 200 ml
	1.48
	1.69

	Pantene shampoo 400 ml
	2.29
	2.89

	Timotei shampoo 250 ml
	1.65
	1.69

	Vosene shampoo anti dandruff 125 ml
	3.49
	3.49

	Vosene shampoo original 250 ml
	1.99
	1.99


1. What are the names of the two companies whose product prices are given?

2. Which shampoo or shampoos is/are £2.19 in Boots?

3. Which is the most expensive shampoo in Boots?

4. What is the price difference between ‘Fructis shampoo 200 ml’ and ‘Vosene shampoo original 250 ml’ in Tesco?

5. How much is the ‘Fructis shampoo 300ml’ in Tesco?

3. Football League table

Season 1999/ 2000 of English Premier league 

	PRIVATE
 
	P
	W
	D
	L
	F
	A
	Pts

	Manchester United
	38
	28
	7
	3
	97
	45
	91

	Arsenal
	38
	22
	7
	9
	73
	43
	73

	Leeds United
	38
	21
	6
	11
	58
	43
	69

	Liverpool
	38
	19
	10
	9
	51
	30
	67

	Chelsea
	38
	18
	11
	9
	53
	34
	65

	Aston Villa
	38
	15
	13
	10
	46
	35
	58

	Sunderland
	38
	16
	10
	12
	57
	56
	58

	Leicester City
	38
	16
	7
	15
	55
	55
	55

	West Ham United
	38
	15
	10
	13
	52
	53
	55

	Tottenham Hotspur
	38
	15
	8
	15
	57
	49
	53

	Newcastle United
	38
	14
	10
	14
	63
	54
	52

	Middlesbrough
	38
	14
	10
	14
	46
	52
	52

	Everton
	38
	12
	14
	12
	59
	49
	50

	Coventry City
	38
	12
	8
	18
	47
	54
	44

	Southampton
	38
	12
	8
	18
	45
	62
	44

	Derby Country
	38
	9
	11
	18
	44
	57
	38

	Bradford City
	38
	9
	9
	20
	38
	68
	36

	Wimbledon
	38
	7
	12
	19
	46
	74
	33

	Sheffield Wednesday
	38
	8
	7
	23
	38
	70
	31

	Watford
	38
	6
	6
	26
	35
	77
	24


1. Which is the first team?

2. Which team has 65 pts?

3. What are all points for Chelsea?

4. What is the pts difference between Leeds United and Aston villa?

5. How many games did Leeds United win?

4. Rows and columns table
The good university guide

	PRIVATE
 
	University
	Teach Assestment
	Research Assestment
	Entry Standards
	Student-Staff Ratio
	Library and Computer Spending
	Facilities Spending
	First and Upper Second Degrees
	Graduate Destinations
	Completion
	Aggregate Score

	1
	Cambridge
	100
	100
	100
	67
	88
	71
	100
	95
	100
	1,020

	2
	London Imperial 
	99
	87
	92
	100
	79
	93
	77
	95
	93
	1,008

	3
	Oxford
	97
	96
	98
	62
	100
	65
	91
	99
	99
	1,001

	4
	Bristol
	90
	76
	89
	62
	71
	100
	84
	95
	97
	937

	5
	London, UCL 
	92
	86
	84
	73
	78
	76
	78
	93
	89
	932

	6
	Edinburgh 
	89
	82
	89
	53
	83
	87
	87
	88
	95
	927

	7
	St Andrews 
	93
	76
	84
	62
	73
	82
	88
	96
	95
	926

	8
	LSE 
	93
	97
	93
	40
	79
	67
	80
	92
	94
	923

	9
	Warwick 
	97
	87
	87
	47
	72
	76
	77
	96
	96
	923

	10
	Bath 
	82
	81
	82
	50
	84
	94
	80
	93
	96
	907


1. How many different criteria are used to compare universities?

2. What is the teaching assessment score difference between first (Cambridge) and last university (Bath)?

3. Which university has full mark from Library and computer spending?

4. What is the Library and computer spending ratio difference between Oxford and Edinburgh?

5. What is the research assessment score for 6th university?

5. A Time table

Summer train times: Manchester to Manchester airport

	PRIVATE
 
	First North Western
	First North Western (Troley Service)
	First North Western
	Northern Spirit (Troley Service) (conveys First Class Accommodation)
	Northern Spirit (conveys First Class Accommodation)
	First North Western
	First North Western
	First North Western (Troley Service)
	First North Western
	First North Western

	Salford Crescent
	-
	18:06
	-
	-
	-
	-
	-
	19:06
	-
	-

	Deansgate
	-
	18:09
	-
	-
	-
	-
	-
	19:09
	-
	-

	Manchester Oxford Road
	-
	18:13
	18:33
	-
	-
	18:56
	-
	19:13
	-
	19:29

	Manchester Picadilly

(Arrive time)
	-
	18:15
	18:37
	-
	-
	18:59
	-
	19:15
	-
	19:32

	Manchester Picadilly

(Departure Time)
	18:04
	18:17
	18:37
	18:45
	18:53
	19:00
	19:04
	19:17
	19:24
	19:33

	Mauldeth Road
	18:09
	-
	-
	-
	-
	-
	19:09
	-
	-
	-

	Burnage
	18:11
	-
	-
	-
	-
	-
	19:11
	-
	-
	-

	East Didsbury
	18:13
	-
	-
	-
	-
	-
	19:13
	-
	-
	-

	Gatley
	18:15
	-
	-
	-
	-
	-
	19:15
	-
	-
	-

	Heald Green
	18:18
	-
	-
	-
	-
	-
	19:18
	-
	-
	-

	Manchester Airport (Arrival Time)
	18:24
	18:32
	18:54
	18:59
	19:07
	19:16
	19:27
	19:33
	19:38
	19:49

	Manchester Airport

(Departure Time)
	-
	-
	-
	-
	-
	-
	-
	-
	19:41
	-

	Wilmslow
	-
	-
	-
	-
	-
	-
	-
	-
	19:48
	-

	Crewe

(Arrival Time)
	-
	-
	-
	-
	-
	-
	-
	-
	20:12
	-


1. How many different companies operate trains from Salford Crescent and Crewe?

2. What is the first station?

3. How many stations are there between Manchester Picadilly and Manchester Airport?

4. If the departure time form Manchester Picadilly is 18:04, then what is the arrival time to Manchester Airport?

5. How long does it take you to arrive to Manchester airport form Salford Crescent, if you take the train from Salford Crescent at 18:06?
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Table Definition in HTML 4.0:
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These are the  implementation classes of the related  DOM API interfaces, so their relations are not shown with each other and other implementation classes.





The class diagram of modal version of the system
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These are the  implementation classes of the related  DOM API interfaces, so their relations are not shown with each other and other implementation classes.





The class diagram of non-Modal version of the system
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