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Absitract

This thesis is a contribution towards the represtéort of diagrams in a way that
improves the ability to enquire and reason abowet itiformation on which the
diagram is based. This research is directed towdscquisition of the information
behind carefully selected “formal diagrams”. Thebhesis underlying the proposed
approach is that “if information on the structurelahe semantics of formal diagrams
were preserved, made ‘part of the diagram’ by mgilauthors at the creation stage,
these diagrams would be more perceivable, operafdeunderstandable and, as a
result, suggest enhanced accessibility benefitsdoh diagrams”.

The main contribution of this research is the idtrction of a novel approach
called Graphical Structure Semantic Markup LangeagaaSSML reveals that “if
the information of the diagram is made part of dregram at the creation stage, it is
possible to represent diagrams in a way that ingsakie ability to enquire and reason
about the information on which the diagram is bagbkds making diagrams more
perceivable, operable and understandable and, esswdt, suggesting enhanced
accessibility benefits for such diagrams”. Graphamatent is no longer thought of as
ink on the paper or pixels on the screen but asgnthi@sic structure and semantics of
the information.

Three different evaluations, each assessing GraSSMIn a different
perspective, have been carried out. A technicadpsstive evaluation demonstrated
the feasibility and applicability of GraSSML. Thewklopment and implementation
of a full functional proof-of-concept prototype denstrated GraSSML for two
different types of diagrams selected from two défe application domains presented
as use cases. A methodology to apply the GraSSMicemiual architecture to a
“formal diagram” in a given application domain hiasen developed. An author’'s
perspective evaluation provided information on vieility and applicability of the
methodology developed for the application of Gra®Sidnceptual architecture. The
application of the methodology has been testecgpaddently, by a third party during
a double blind trial. And finally a user’'s perspeetevaluation, carried out with three
sighted users and two blind users against a spteofefined tasks, demonstrated the
perceivability, operability and understandabilifydiagrams using GraSSML and as a

result validated the hypothesis.
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Chapter 1

Introduction

The World Wide Web plays an important role in madsociety which thrives
on information. Computer graphics is an importaoimponent of the web in
conveying information via diagrams, maps, visuaises, illustrations, etc. There
exists a wide variety of kinds of graphics (photqgrs, painting, maps, diagrams,
symbols, etc.), each of them using different notetiand carrying different kinds of
information. Different graphics are indeed access®tllooked at in different ways.

This research will be restricted to the study cigdammatic representations,
which are structured visual representations of epts and relationships between
these concepts. Diagrams offer powerful advantagegresenting, accessing and
processing information.

Until quite recently, browser support for graphwas restricted to image file
formats such as GIF, PNG and JPEG. Today, mostdan®also provide support for
one or more vector graphics formats such as SWK; @vWd CGM. Despite the
importance of vector graphics and the recent intre¥advances in web technology,
relatively little attention has been paid to makinfprmation of this kind available to
a wide range of people accessing it in a wide rarig@uations.

The need for accessibility support on the web weasgnised ten years ago and
is now a legal requirement. Accessibility is notlyorior people with obvious
disabilities but also for people who simply accedgsrmation and learn in different
ways (SLOAN et al., 2006). The mobile Web is a gesdmple that illustrates this
idea (HARPER et al., 2006).

According to the Web Content Accessibility Guideb2.0 (WCAG 2.0) (W3C,
2008c), four principles (POUR) provide the foundatifor Web Accessibility:
Perceivable (P), Operable (O), Understandable §0, Robust (R). These principles
“lay the foundation necessary for anyone to ac@ss use Web conténiThese four
principles apply perfectly to visual web contentlsuas diagrams but the actual
guidelines defined, does not really indicate thgurements to make this type of
content POUR.
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This thesis intends to contribute to the represemtaf diagrams in a way that
could improve the ability to enquire and reasonudtibe information on which the
diagram is based and thus making diagrams moreeipahie, operable and
understandable and, as a result, suggesting erthaccessibility benefits for such
diagrams. This information could then be presentdlored and adapted in a
multimodal POU environment. Note that this reseansh address three of the
principles defined by the WCAG 2.0. Graphical comtis no longer thought of as ink
on the paper or pixels on the screen but more abstnact entity that has an intrinsic
structure and semantics.

This research is directed towards the acquisitibrthe information behind
carefully selected “formal diagrams”.

The hypothesis underlying the proposed approathais‘if information on the
structure and the semantics of formal diagrams vpeeserved, made ‘part of the
diagram’ by willing authors at the creation stagjeese diagrams would be more
perceivable, operable and understandable and, agsalt, suggest enhanced
accessibility benefits for such diagrams”.

The proposed approach named Graphical Structure al@@&m Markup
Languages (GraSSML) is as follows:

1. Large classes of diagrams (vector graphics) anaetkfvith a clear set of
rules and symbols from which they are created.

2. Such diagrams are defined via a data model confgrto an ontology
and rule set that is mapped down onto a logicatrgegon of the vector
graphics that is not constrained by final form mmay and layout
constraints.

3. This logical description is then mapped to an appate final form for the
graphical representation on the output device.

4. Perceivability, operability and understandabilitypport is provided by
alternative transformations of the semantic andchllgepresentations to
alternative final forms (e.g. text or aural equerak) and query facilities
that allow the end user to explore, enquire andareaver the information

content of the diagram.
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1.1 Terminology

The following terms are used throughout this thesik these definitions:

GraSSML: name of the proposed approach aiming at coninguto the
representation of diagrams in a way that improwesability to reason and
enquire about the information on which the diagrarhased. The approach
is described in Chapter 4.

ZineML: generic XML language that captures the structdir@ diagram in the
GraSSML approach. A description of ZineML can berfd in Chapter 4
section 4.5.

Verbalisation model: consists of a template, in the GraSSML approach,
gathering essential information at an appropriaggell of abstraction
(structure or semantics), organizing and preseritiimga way that is easy to
understand textually. A more detailed descriptian be found in Chapter 4
section 4.6.

Graphic: A visual representation that is not just textnitludes charts, graphs,
diagrams, flowcharts, drawings, symbols, maps, tpejnand photographs.
The word “graphic” and “graphical representationg ased interchangeably.

Diagram: A simplified and structured visual representatiafisconcepts and
relationships between these concepts to repreadrtlarify a topic.

Image (raster graphic): Raster graphic composed of a rectangular array of
pixels where each pixel may have both colour aratity defined.

Vector graphic: Graphic composed of a set of geometric objectddfby the
coordinates of paths and areas.

Vector image: A vector graphic that has been rendered as an image

Image format: A standardised way of representing an image. Thi& da
describes the characteristics of each individugélpiPNG, JPEG and GIF
formats are the most often used formats to disgdater graphics images on
the web.

Vector graphic format: A standardised way of representing a vector graphic
The data contain a geometric description of theeabj the graphic is
composed of. If displayed on a raster display, waetor graphic must be

rasterized. This is not necessary if rendered vector display. WebCGM,
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SVG and SWF formats are some examples of vectondty used over the
web.

% <img> element:An HTML markup element for including images in wedges.
Most browsers support the GIF, PNG and JPEG imaigedts.

«  <object> element: An HTML markup element for including an open-ended
range of external objects in web pages. Such abjemh be text, images,
vector graphics, audio, video, etc. Most modernmsers support the SVG
vector format natively and the SWF and CGM vectomats via proprietary
plugins.

«  Web accessibility: This thesis follows the definition of accessibilitged by the
Web Accessibility Initiative (WAI) (WAI, 2009)‘Web accessibility means
that people with disabilities can perceive, undansk, navigate, and interact
with the Web, and that they can contribute to trebVWeb accessibility also
benefits others, including older people with chauggabilities due to aging.
Web accessibility encompasses all disabilities #itdct access to the Web,
including visual, auditory, physical, speech, cdigei, and neurological
disabilities ... a key principle of Web accessibiis designing Web sites and
software that are flexible to meet different useeds, preferences, and

situations.”

1.2 Motivation

This research started with a study aiming at undedsng: what makes
diagrams unique? Why are they difficult to makeeasstole? What is missing from
the existing methods and finally what needs to loelressed to make them
perceivable, operable and understandable?

Diagrams present information in a way which is esyaccess and process.
They offer an instant access to the informatiors@né in the diagram, offering the
ability to gain an overview of the information peased as well as the ability to access
details of that information. This flexibility redas the load of the working memory
allowing diagrams to act as an external memory sdppSuch representations
simplify and facilitate search of information afithspatial grouping abilities allows
related information to be accessed and processadltaneously. Diagrams also
facilitate recognition by making information thabwd be implicit in other forms of

representation such as textual, more explicit.tBistis true only if these diagrams are
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“effective diagrams” meaning that the diagram meschvell what it represents and
the task for which it is intended, making inferemagstant and obvious.

Accessibility of diagrams, represented as vectaplgics, for blind users and
users who access this type of graphics in an emviemt where visual representations
are inappropriate was the initial motivation of tiesearch. For these users, alternate
methods of accessing this type of web content kabe offered as they are unable to
use the visual communication channel. Vector gi@phccessibility means for these
users the ability to understand, interact and raseiginformation presented
diagrammatically. As the research progressed, & walized that the approach that
had been developed was far more general in the $basit would potentially benefit
“ALL", including computers.

The World Wide Web Consortium is the leading orgation promoting Web
Accessibility and developing guidelines and teche&to encourage the development
of accessible Web content. The first version of\W@AG, WCAG 1.0 (W3C, 1999)
provided techniques to achieve accessibility, thvesee mainly related to HTML. The
second version, WCAG 2.0 (W3C, 2008c), which becamecommendation in
December 2008 aimed at being more general by takibg account different
advanced technologies that have made their platmslay’s web content. The WCAG
2.0 is built on four principles considered essérfba any web content to be made
accessible (Perceivable, Operable, Understandadl®abust).

These guidelines have some applicability to imaggsdo not address vector
graphics per se. The regulations involve providafigd people the same message a
sighted person would get from an image. In the chsector images accessibility, it
is required to include alternative text that shasddve as an effective replacement for
the information provided by the vector image. Tinigst be the same information that
is given by the vector image to people who cantsee

Alternative accessible representations of graphrespossible but recovering
the necessary information is difficult and time soming unless that information has
been built-in at the time of creation. Some attenfjatlve been made to provide access
support to vector images but even though most eddhapproaches provide a partial
solution to the problem, the main limitation resde the absence of information
“behind” the graphic. Accessible diagrams requieihformation behind the diagram

to be preserved in a way that makes it possibla fzser to enquire and reason over it.
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Some approaches aimed at taking advantage of diagnave recognized this
need of preserving access to the original inforomakiehind the diagram. They aim at
generating expressive and effective diagrams fraggh level descriptions of a given
set of data. But none of these approaches addrdss@erceivability, operability and
understandability of the diagrams obtained.

The availability of the information behind the diam allows the meaning to be
explicit which assists perceivability, operabilitynderstandability, though even this is
not directly tested there is something akin to m@auctive reason for having these
three principles. By making diagrams perceivabferable and understandable then
by definition they are made more accessible. Duéni@ limitations and lack of

resources it was not possible to test this dirdxylgarrying out major user studies.

1.3 Aims and Research objectives

This research aims at exploring a different appnoderived from the benefits
and limitations identified in existing approaches.

It is believed that defining a “smart diagram sgstehat stores the original
information, and provides details of the transfaiora performed to generate the
fillered view of the information, and allows theno tperform alternative
transformations on the information to provide eliént presentations is a potential
way forward for this research area. Such a systBould aim at representing
diagrams in a way that it is possible to enquire wason about the information they
carry, making them perceivable, understandablecpedable.

A system aimed at retaining as much informatiorpassible at the creation
stage of the diagram would enable readers to usénflormation in as many ways as
possible offering the ability to enquire and reaswer the diagram. The aim is to
define a general purpose architecture to exploee higpothesis and develop a
methodology for applying that architecture to callgfselected classes of diagrams
from specific application domains.

It is not expected that this approach will be agadlie to all kinds of graphical
content, but rather to well-structured “formal diags” that conform to well-defined
conventions in specific formally defined domains.

A full description of different graphic classifican systems is given in Chapter
2 Given the rich diversity of diagrammatic reprdaéions captured in these

taxonomies and taking into account the time frafe research, there is a need to
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focus the research on some specific types of diag@arefully selected as a basis to
demonstrate that the approach proposed in thisstlsegiable and applicable

The exemplars chosen are part of Lohse’s (LOHSH.e1994) network chart
category. Such diagrams show relationships betwesrmponents using lines, arrows,
proximity, etc. Their planar coordinate system doesconvey any meaning whereas
the relative arrangement of objects does. Blenklamuh Evans (BLENKHORN and
EVANS, 1998) call this class of diagrams “schemdtagrams” consisting of objects
and the relationships between these objects. Ta&adi Tatsuya (TAKAGI and
TATSUYA, 2007) identified a separated sub-class $orch diagrams: “formal
diagrams”. Formal diagrams are well structured aodform to conventions in
specific domains. They are defined as having a-defihed data model behind their
structure. For reasons discussed in Chapter 208e2t4.5, two representative classes
were chosen to test the GraSSML approach:

* Process diagrams (Figure 1): describe the reldtipasetween processes
using a set of well-defined elements linked togethising arrows
representing flows. A good exemplar of this classUML Activity
Diagrams.

» Hierarchical diagrams (Figure 2): consist of eletaa@rganised into layers
between concepts. Organisational charts are a ganiple of this class.

The third exemplar chosen by a third party to tb&t applicability of the
proposed approach was:

* Charts (Figure 3): are concerned with the displagaia using symbols.
Financial charts were chosen by a user who indegglydevaluated the
approach. They are required to be formally desdrdned are significantly
different from the two other exemplars.

The research aims and objectives can be summasztdiows:

1. Understand what makes diagrams unique. Exploreowsirtaxonomies of
graphical representations and select the classekagfams this research
will be applicable to (Chapter 2).

2. Why are diagrams difficult to make perceivable, rapée and
understandable? Establish what is missing frometkisting methods and

finally what needs to be addressed to express gwpt them in a way that
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would provide the ability to enquire and reasonulihem? Identify the
issues/ requirements this research will aim ategking (Chapter 3).

. Explore, design and develop a general purpose ptundearchitecture to
address the issues/ requirements and support goghesis Chapter 4).

. Develop a methodology for applying our architecttoean application
domain for a specifically selected class of diagrd¢@hapter 5).

. Implement a proof of concept tool (GraSSML prot&yp demonstrate the
feasibility and applicability of the proposed apmh and apply the
methodology to carefully selected classes of dragrafrom specific
application domains (Chapter 5).

. Assess the viability and applicability of the apgeb through independent
evaluation by an external user of the system whisb applied the approach
to a different class of diagrams (Chapter 6).

. Perform an evaluation with blind and sighted uskys evaluating the
developed prototype against a set of predefinedstas assess the
perceivability, operability and understandabilifydiagrams presented using
GraSSML in order to validate the hypothesis (Chapie
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1.4 Research Contribution

The main contribution of this research is the idtrction of a novel approach
called Graphical Structure Semantic Markup Langagd@GeaSSML).
The contributions of the thesis are summarize®bsw:
* The GraSSML Conceptual Architecture.
» A fully working prototype demonstrating the feasitgiand applicability of
the approach for three different application doreain
* A methodology to apply the GraSSML conceptual dedture to a given
application domain.
» Credibility of GraSSML.: evidence of the benefits @faSSML through

instances of evaluation of the working prototypéwisers.

1.4.1 The GraSSML Conceptual Architecture

GraSSML contributes to the representation of dimgran a way that improves
the ability to enquire and reason about the infdimmeon which the diagram is based
and thus making diagrams more perceivable, opeaideunderstandable and, as a
result, suggesting enhanced accessibility berfefitsuch diagrams.

This framework relies on the presence of esserg&écted information
provided by domain experts and the willingness uthars to allow the capture and
access to such information while creating theigdiens upon which the approach

relies. This exposes a new way of thinking aboatatthoring of diagrams.

1.4.2 Fully working prototype
The viability of the approach and its applicability three different application

domains has been demonstrated through a fully wgnarototype.

A fully functional implementation of the GraSSMLruzeptual architecture has
been implemented in a proof-of-concept tool (Gra&Sivbtotype). Three use cases
have been considered, each for different classediajrams from different
application domains: Process diagram “UML Activibyagram” (Chapter 5 section
5.3), Hierarchical diagram “Organisational ChafGhapter 5 section 5.2) and Charts
“Financial charts” (Chapter 6).

The system uses a combination of web technologmetiding OWL, RDF,
XSLT, GRDDL, along with some new XML based languag€ineML), in an

attempt to enable the authoring of diagrams baseth@r meaning (semantics) and
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not their visual rendering/ presentation. This esgsoa new way of thinking about the
authoring of diagrams and is an interesting usthefsemantic web technologies to
assist this authoring process.

The GraSSML prototype has demonstrated that theS&vH. conceptual

architecture is sound.

1.4.3 Methodology to apply the GraSSML approach

A methodology to apply the GraSSML conceptual dedture to a ‘formal
diagram’ in a given application domain has beerettged. An author’'s perspective
evaluation provided information on the applicakildf the methodology developed
for the application of GraSSML conceptual architeet

Olivier BRAECKMAN, an MSc student, independentlypiied GraSSML to
financial reports in order to represent “finanahhrts” in a way that it is possible to
reason and enquire over the information they cdhys making them more
perceivable, operable and understandable and, asesalt, enhancing their
accessibility. The application of the methodoldgg been tested by Olivier during a
double blind trial in which he, alone, performee tthata gathering, processing and
recording as well as an initial analysis. Afterwsatte results and data obtained were
analysed, interpreted and evaluated. The viakdglitg applicability of the GraSSML
approach was successfully assessed by Olivier wtiended the system for a
different class of diagrams. The evaluation of fmecess is presented in the

evaluation chapter from an author’s perspectiveafifdr 6).

1.4.4 Credibility of GraSSML

The credibility of GraSSML has been demonstratedufh the ability to reason
and enquire about the information behind diagrarhss ability to reason and enquire
has been demonstrated through the proof-of-conmegibtype. The three use cases
implemented within the GraSSML prototype demonsttathe feasibility, viability
and applicability of the GraSSML approach but diot provide any insight on
whether GraSSML support the hypothesis. An evadnatif the GraSSML prototype,
carried out with two blind users and three sightiedrs against a set of predefined
tasks, allowed us to assess the perceivabilityratjpley and understandability of
GraSSML. This evaluation (Chapter 7) demonstratedhtypothesis and supports the
ability for further studies, for greater work.
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1.5 Structure of the thesis

Figure 4 illustrates the structure of the thesis.

Chapter 1

Introduction

r

Chapter 2

Y
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Chapter 3
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Diagrams:
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Chapter 4

GraSSML

Approach

Y v v
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A Technical An Author's An User's
Perspective Perspective Perspective

Y

Chapter 8

Conclusion
and
Future Work

Figure 4: Thesis Structure

* Chapter 2 (Diagrammatic Representations): Reviews the published
literature related to diagrammatic representatemsvell as taxonomies for

graphical representations. This has led to thecgBete of the classes of

diagrams the GraSSML approach will be applicable to

* Chapter 3 (Accessible Diagrams: A Critical Review):Reviews some

relevant work on the accessibility of diagrams lo@ web. This has led to
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the identification of issues/requirements the psmgbthesis will aim at
addressing.

» Chapter 4 (The GraSSML Approach): GraSSML is described, in detail,
introducing the GraSSML three-level conceptual éecture: semantic,
structure and presentation and the transformabenseen these levels

e Chapter 5 (Evaluation: A Technical Perspective)Describes the system
architecture of the proof-of-concept tool calle@ thraSSML prototype to
demonstrate the feasibility and applicability ok tkraSSML approach.
The development and implementation of the full fiowal proof-of-
concept prototype demonstrating GraSSML for twdfedent types of
diagrams, selected from two different applicatioomains: Process
diagrams (UML Activity Diagram) and Hierarchical agrams
(Organizational Charts), is then presented as fffereint use cases.

e Chapter 6 (Evaluation: An Author's Perspective): Describes the
evaluation carried out to assess the viability #mel applicability of the
GraSSML approach to a different class of diagramshis case “charts”)
in a different domain (“financial reporting”) by third party. An MSc
Student, Olivier BRAECKMAN, from Oxford Brookes Usarsity applied
the GraSSML prototype to a different class of daagr‘charts”, in the
finance application-domain.

» Chapter 7 (Evaluation: A User’s Perspective)Describes the evaluation,
carried out with three sighted users and two blisdrs against a set of
predefined tasks, to demonstrate the perceivabildperability and
understandability of diagrams using GraSSML and viaidate the
hypothesis.

e Chapter 9 (Conclusion and Future Work): The thesis concludes by
summarizing the original contributions and discessays the work could

be extended.

1.6 Publications

A timeline (Figure 5) along side the W3C developtsemas been created in
order to illustrate the influence of developmem3N3C on GraSSML. This project
initially started in 2002 but was suspended forrlyethree years for personal reasons.

In the intervening period the World Wide Web stdriés evolution towards the
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“Semantic Web” which emerged as a new vision. Téisto changes such as: new

technologies, new recommendations, new working ggoand new tools. As these

new technologies and supporting tools emerged, ogpdrtunity” to explore them

with regard to diagram accessibility was noticetle Tifferent publications present
the GraSSML version at the time. The 2003 papecrdess the initial ideas of our

research project. These ideas evolved and were lopeee following W3C

developments. The 2006 and 2007 papers describevblution and application. The

current latest version of GraSSML has not beenigld yet outside this thesis. The

main changes appeared at the semantic level inhwthie domain specific markup

language has been replaced with RDF graphs.

The Publications are as follows:

2003: BEN FREDJ, Z., DUCE, D. A. “Schematic DiageanXML and

Accessibility”, Proceedings of the Theory and Hcactof Computer
Graphics (TPCG'03).

2006: BEN FREDJ, Z., DUCE, D. A., “GraSSML: accéssi smart
schematic diagrams for all”, Proceedings of theG0fernational cross-
disciplinary workshop on Web accessibility (W4A)uigling the mobile
web: rediscovering accessibility? Edinburgh, U.K.

2006: BEN FREDJ, Z., DUCE, D. A., “GraSSML: Smarth8matic

Diagrams, XML and Accessibility”, Proceedings ofetilheory and
Practice of Computer Graphics (TPCG'06), Middlesglp United

Kingdom

2007: BEN FREDJ, Z., DUCE, D. A., “GraSSML: accéssi smart
schematic diagrams for all”, Universal Access ia thformation Society,
6(3), 233-247.

2008: BEN FREDJ, Z., DUCE, D. A., ZAJICEK, M.: “@8ML: a new
approach for Accessible Web Graphics for All”, tect2008, fourth

international conference on tactile diagrams, maps pictures for blind
and partially sighted children and adults in edocatwork and daily life,
Birmingham, UK.
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GRASSML Project W3C Recommendations

SGML

Tim Berners-Lee Invented the WWW

Tim Berners-Lee founded the W3C

DSSL, CSS$1

HTML 3.2, application of SGML

CSS2, DOM Level 1,
HTML 4.0, XML 1.0, SGML 2

WebCGM, WCAG 1.0, RDF, XSLT 1.0,
XPath 1.0, DSSL 2

DOM Level 2, XHTML Basic 1.0

XSLT 1.0, XML Schema 1.0
GraSSML Project started

TPCG '03 paper
SVG 1.1

GraSSML Project suspended XML 1.1, CC/PP, RDFS, OWL

TPCG '06 paper

XSL 1.1
WA4A paper S

UAIS paper WebCGM 2.0, GRDDL

SPARQL, WCAG 2.0

MWBP and WCAG Draft

Figure 5: GraSSML Timeline along side W3C timelineof W3C Recommendations
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1.7 External Support

A licence of 2 years for the product “ILOG JViewsaBrammer” has been

kindly provided by ILOG (now IBM) for the realisati of the approach.

1.8 Originality

The Financial case study was done by Olivier BRABZN a master student
at Oxford Brookes University in 2007/2008. His Ma& dissertation entitled
“GraSSML Financial Chart Project- Accessible Finah&eporting” is deposited in
the Oxford Brookes University Library (BRAECKMAN,0B8). Apart from this the

entire research is the author's own work.
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Chapter 2

Diagrammatic Representations

This chapter reviews the published literature eslatto diagrammatic
representations. The nature and the importanceagfraimmatic representations as
well as the necessity to access such represerdareremphasized.

A number of taxonomies for graphical representatioaive been proposed, each
following a specific classification scheme. A rewief these taxonomies helped select
the classes of diagrams the GraSSML approach wilifiplicable to. Some research
work aimed at taking advantage of diagrammaticaggntations is presented. This is

concerned with the generation of “effective” diagsafrom high level descriptions.

2.1 Nature and importance of diagrams

2.1.1 Graphics

Graphics have had a long history, starting fronfleass the prehistoric periods
through cave paintings and engraved stones. Thewiaual representations which
can be produced on different surfaces (e.g. pajoenputer screens, or stone) aimed
at conveying information visually to illustratefanm or entertain. Examples of visual
representations include charts (pie charts, bartghhistograms, function graphs,
scatter plots), diagrams (tree diagrams, netwodgrdims, flowcharts), drawings,
symbols, maps, painting, photographs.

These play an important key role in representingyveying and communicating
information in many different areas of science, cadion and business. Graphics
enhance understanding, analysis, exploration andnarieation of complex
information (TUFTE, 1997). Larkin and Simon (LARKIBhd SIMON, 1987), and
Lohse share the view that (LOHSE et al., 199istial representations are data
structures for expressing knowledge. As such, Visgaresentations can facilitate
problem-solving and discovery by providing an &fi¢ structure for expressing the
data’ Tufte states thatGraphics reveal data” (TUFTE, 2001)

They are extensively used in many fields to eitraw attention to important
information, or serve as an extra support to undedscertain concepts. Businesses

profitably use graphics to advertise their produatsl/or services by using well
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defined artwork. In business and finance, graphage been used to create financial
graphs and charts to highlight trends over timeséhgraphics are referred to as
“business graphics”. Graphics are used by someistead or deceive using methods
such as distortion, distraction or ambiguity to fose the reader as to what is
relevant. Graphics have also proved efficient ioppgating political ideas (e.g.

posters, graffiti, and flags). Science and eduoatixtensively use graphics to
illustrate concepts (e.g. diagrams) which otherwvseld be difficult to describe and

explain (e.g. anatomy, maps).

Graphics are an integral part of the web and pleafredmportant role in the
success, acceptance and growth of the World Widb ¥ continue to occupy an
important position in the use of the web (DUCE let 2002). In 1994, the Mosaic
browser contributed to the transformation of thebw&he html element <img>
introduced in the mosaic browser allowed imagdsetwiewed within a web page and
played a key role in the growth of the web. Indeibe, advantages of being able to
communicate via graphics on the web did not go tioed by organisations which
now could reach and provide information to millions potential customers by
communicating their logos, their products, theicdtoons on maps, their art work
(photographs, paintings, etc.) (GILLIES and CAILIUA2000). Wilson (WILSON,
2008) states thdthe graphical nature of the Web is definitely ook its biggest
selling points” As mentioned in the introduction, this research e restricted to

the study of diagrams.
2.1.2 Diagrams

A. Definition

It is not trivial to define what a diagram is andsaers vary depending on
specific perspectives (FATHULLA and BASDEN, 2007).

One definition proposed by (VISWANATH et al.,, 2008) “A diagram is a
simplified, structured representation that descsitibe components of a system and
their spatial relationships

In the context of their research Larkin and SimioARKIN and SIMON, 1987)
define diagrams as external representations redondesome medium (e.g. paper,
blackboard). A representation consists of both datactures and programs which
operate on them through the processes of seambgnigion and inference, to make

new inferences. They define diagrammatic represemt as a data structure in
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which information is indexed by two-dimensional ab@n’. In this thesis the
following definition of a diagram is adopted:

“A diagram is a simplified and structured visugbm@sentation of concepts and
relationships between them used to represent amdfycla topic. Diagrams are
composed of shapes and text. The information cairggrthe concepts represented

and their relationships is the important informatwhereas its layout is not”.

B. Main Characteristics of diagrams

Many scientists have focused their efforts on discmg the powerful
advantages diagrams offer in accessing and procesgormation.
« Powerful advantages of diagrams

Diagrams provide an intuitive mechanism to accegseract with and process
complex information. They are considered as beingowerful tool. As Tufte
(TUFTE, 2001) states..of all methods for analysing and communicatingtistical
information, well-designed data graphics are usydhe simplest and at the same
time the most powerful

Many researchers worked on identifying why suchresentations are powerful
and what makes them different to other forms ofresgntations in conveying
information and solving problems (LARKIN and SIMON987, TUFTE, 2001,
KULPA, 1994, SUWA and TVERSKY, 2002).

Diagrams can be used to display a large amountfofmation (TUFTE, 2001)
offering the user an overview of the informatiorsplayed. Indeed, diagrams are
concise, they offer the ability to gain a biggestpre of the information presented and
simultaneously offer the ability to explore by digg deeper into its details without
losing this big picture. This ability to offer fldte constant access reduces the effort
needed by the working memory as the diagram a@nasxternal memory support
(LARKIN and SIMON, 1987).

Diagrams allow effective communication which faeiles the representation of
abstraction. They have the ability to present tfiermation in a way which is easy to
access and process (TUFTE, 2001): (LARKIN and SIM@8B7) ‘A diagrammatic
representation permits information at or near oradlity to be accessed and

processed simultaneously
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This simplifies and facilitates the search for sfiednformation (distance,
relationships between objects, size, colour, etnd reduces memory needed in the
process (LARKIN and SIMON, 1987, SUWA and TVERSKX002).

Larkin and Simon (LARKIN and SIMON, 1987) compargd informationally
equivalent representations: sentential and diagm@tiomepresentations. They state
that the “diagrammatic” representations convey ti@ighips among information
more directly than “sentential” representationsxtTaffers from diagrams in the way
it conveys information. They have found that diagsafacilitate the search of
information as the spatial grouping ability of thesepresentations allows related
information to be perceived at once.

Diagrams have proved to be effective tools at ptomgocommunication and
visual thinking. Diagrams prove to be of great halpeasoning, problem solving and
decision making (KULPA, 1994).

Diagrams are organised by location and often muddhe information needed
to make inferences is explicitly preserved and tedan proximity, making search
and recognition easier (LARKIN and SIMON, 1987).idTHorm of presentation
makes information more explicit than other forms mksentation (e.g. textual
presentation) allowing direct retrieval of thatarmhation (KULPA, 1994).

Larkin and Simon believe thaiagrams and the human visual system provide,
at essentially zero cost, all of the inferenceshane called perceptua{L ARKIN and
SIMON, 1987). They state thdthe great utility of the diagram arises from
perceptual enhancemenso “that people can focus attention on part of a diagy,
and that they can detect cues there and use themetteve problem-relevant
inference operators from memory”.

« Not all diagrams are powerful

As well as providing explanations on why diagramnas ®e superior to other
representations, Larkin and Simon (LARKIN and SIMQI®987) also highlight the
need for appropriate knowledge that is requiredftectively take advantage of such
representations.

Not all graphics are considered as “good” graphlosthat respect not all
diagrams are worth ten thousand words. It depemdshe ability of the user to
construct an effective diagram. The diagram shd@cconstructed in a way which
takes advantage of the features that makes therarpdywwhich is not always trivial.

If badly constructed, a diagrammatic representattan conceal the information
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message intended to be conveyed. Gurr (GURR, 1BP8@stigated the issues of
diagrammatic communication in order to find out whaakes an effective
diagrammatic communication. He argues that an Céffe diagram” is one that
matches well what it represents and the task fachwit is intended, making certain
inferences instant and evident.

Of course, exceptions arise when an author createsgram with the intention
to mislead or deceive and in which the diagram dugismatch well with what it
represents. These kinds of diagrams could stitiéfened as “effective” as they are
designed to confuse the reader as to what is neiewdich is exactly the intent of the
author (e.g. some financial charts).

This difficulty of creating an effective graphicapresentation is discussed by
Tufte in his books (TUFTE, 1997, TUFTE, 1990, TUETEO01). Tufte (TUFTE,
2001) refers to “Graphical excellence” which cotssisof complex ideas
communicated with clarity, precision and efficiendis should givethe viewer the

greatest number of ideas in the shortest time thigheast ink in the smallest space

C. Summary

Diagrams, which are simple structured visual regmetions of concepts and
relationships between these concepts, presentmiattrn in a way which is easy to
access and process. They offer an instant accesdstte information present in the
diagram, offering the ability to gain an overvieWtle information presented as well
as the ability to access details of that informmatidhis flexibility reduces the load of
the working memory allowing diagrams to act as stermal memory support. Such
representations simplify and facilitate searchndbrimation as their spatial grouping
abilities allows related information to be accessed processed simultaneously.
Diagrams also facilitate recognition by making mhation that would be implicit in
other forms of representation such as textual, neagdicit. But this is true only if
these diagrams are “effective diagrams” meaningttiediagram matches well what
it represents and the task for which it is intende@dking inferences instant and

obvious.
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2.2 Graphicacy

Using effective graphical representations requihesacquisition of necessary
skills called graphicacy skills.

Graphicacy (BALCHIN and COLEMAN, 1966), a word cireg by Balchin and
Coleman in 1965, (ALDRICH and SHEPPARD, 2000) diéss the capacity to
comprehend and present information in the formrapgics. Graphicacy is identified
as a complex form of communication (WILMOT, 1999)it requires that the
reader/creator of graphic language possesses cdoaépknowledge of the
phenomena represented in the graphic representatiesrwell as spatial perceptual
abilities and an understanding of spatial concepisd it requires practical skills of
being able to create graphic forms to communicatermation to others.”

The comprehension of information presented grafigiceequires prior
knowledge. A person’s capacity to interpret certgipes of graphics relies on his
background knowledge. Two main types of backgrokmdwledge have been
identified as being essential in comprehending tyicp

« Knowledge about the specific graphic system usedregoresent the
information.

« Knowledge about the subject matter that is reptesergraphically.
Personal knowledge of a domain influences the pnétation of the
graphical information.

Research suggests that (NARAYANAN, 19971)jdgram comprehension is a
constructive process in which the individual attésnpo use his or her prior
knowledge of the domain, information presentedhia tliagram, and his or her

reasoning skills to build a mental model”

2.3 Syntax, Semantics and Pragmatics of Diagrams

Effective diagrams are considered as expressionsoél languages, with their
own syntax, semantic and pragmatic. The syntaxdibgram is characterized by the
set of graphical elements, their properties anut th&tionships.

The semantics of a diagram concerns the relatipastii graphical elements to
the concepts these graphical elements are apmitablt concerns the meaning of the

diagram: the concepts, their properties and teddtionships.
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Pragmatics concerns the relationships between rdgghigal elements and the
receiver interpreting them. It concerns the begr@priate usage of syntax to ensure
an appropriate interpretation of the diagram’s infation by a human receiver. This
information includes the implicit knowledge. Theagmatics helps to emphasize
important aspects of the diagram. An author ofayidim starts with the information
he wants to communicate and needs to find out s Way to communicate this
information effectively. Examples of pragmatic isstare the choices in properties of
graphical elements such as size, colour or posifi@king into account practical
experiences and observations, decisions and a@rensiade to ensure an appropriate
interpretation of the diagram. Such issues havemquact on the semantics of the
diagram but will have an impact on its interpreatiby a human receiver. Gurr
(GURR, 1999) states that pragmatics helps to bridgegap between “what is said
and what is meant”. The correct use of pragmat&tuies contributes to the
understanding of the diagrammatic representation.

In order to comprehend information presented giagly it is important to
know how to interpret graphics. Such interpretatiequires graphicacy skills which,

as well as oral, literal and numerical skills assantial to communicate effectively.

2.4 Taxonomies of visual representations

The investigation of different varieties of diagmaatic notations is of interest
to researchers in psychology and cognition. Variolesses of graphics can be
identified depending on the chosen classificaticirese.

Different diagrams types are looked at in differardys. The same type of
diagram can be read in a number of different ways.

A wide range of classifications has been describekonomies of visual
representations have been developed in severarelitf academic fields. Each of

these taxonomies focuses on certain aspects dfigedpepresentations.

2.4.1 Blackwell Taxonomy of taxonomies

Based on the analysis of some of these taxonorAles, F. Blackwell et al.
(BLACKWELL and ENGELHARDT, 2002), proposed a cldgsition divided into
two sets of aspects: representation related anexorelated.
% Representation related aspects relate to:

The components of the diagram:
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(1) Basic graphic vocabulary
(2) Conventional elements
(3) Pictorial abstraction
The graphic structure of the diagram:
(4) Graphic structure
The meaning of the diagram:
(5) Mode of correspondence
(6) The represented information
«  Context related aspects relate to:
(7) Task and interaction
(8) Cognitive process
(9) Social context
A common distinction between existing taxonomiegolnes the differences
between “function” and “structure” of visual repeesations. Depending on the
context of their use, either functional or struatutaxonomies are considered for
visual representation. In a “functional taxonomyhie visual representations are
classified based on their “intended use”. Accordim@lackwell et al., this refers to
“(7) task interaction” and “(9) social context” &gps. In a “structural taxonomy”, the
visual representations are classified based om fleeceived structure. According to
Blackwell et al., this refers to “(1) basic graphiocabulary” and “(4) graphic

structure”.

2.4.2 Lohse's Taxonomy

An experimental classification of visual represéotess has been carried out by
Lohse et al. Participants were asked to classdyali representations based on their
structural similarities.

A first study (LOHSE et al., 1990) based on thipemmental classification,
identified six categories of visual representatiaimaphs, tables, networks, diagrams,
maps and icons.

In the following studies (LOHSE et al., 1994), thdial basic categories have
been confirmed and some more categories have ech&aye the new experiments, a

total count of 11 categories (Table 1).
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Graphs

encode quantitative information. Some examplesoafiraon
graph types are histogram, line chart, bar chatclpart

Tables

2D arrangement of words, numbers and symbols ¢
combination of them

Dr

Network charts

make use of arrows, proximity, etc. to show thatrehship
between components

Structure diagrams

describe the physical objeetyg thpresent

Process diagrams

describe the interrelationships and processes iassgavith
the physical objects

Maps symbolic representations of physical geography
Graphic tables same as table but considered minaetate
Cartograms spatial maps that show quantitative data

Icons as a label, convey a single meaning

Time charts similar to table but encode temportd da
Pictures realistic depictions of an object or scene

Table 1: Lohse's taxonomy of visual representations

This classification is mainly based on the percapulassification of these
visual representations by the participants rathan the analysis and interpretation of
unique features of these visual representationsieSof the categories obtained by

Lohse’s experiments fit the group categories of\2§ual representations presented

by Bertin (BERTIN, 1983): Diagrams, Networks, Mapsl Symbols.

2.4.3 Blenkhorn and Evans’s taxonomy

For the purpose of their research on graphics attikty more specifically on
“Talking Tactile diagram”, Blenkhorn and Evans (BAEHORN and EVANS, 1998)

considered that graphical information can be d&skinto the following five types

(Table 2).
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This type refers to photographic images, picturétighly
Real world images visual, they have proved to be a challenge to sgriein any
other modality.

2D views of objects where the absolute positione sand
shape of each object are considered important.tiRela
position and size must be maintained for a map €g b
meaningful. They are defined as an abstract viethefreal
Maps world emphasising the essential details. Examptetude
geographic maps; diagrams of mechanical compongnts,
medical drawings, etc. Most of these representatiare
successfully presented as tactile diagrams somgtimth
speech added.

These are structured diagrams which consist ofctbjend
the relationships between these objects. As magy, dre
also defined as presenting abstract informatiowewver for
this type of representation position and size efdhjects of
Schematic diagrams | the representation are not as important as theicaxpl
relationships between these components. Examplesiabf
representations include software engineering dmagra
project planning charts, organisation charts, ugemd
map, etc.

This type of representation presents structuredlaaldata.

Charts Pie charts and histograms are examples.

This type of representations refers to windowsnjaoenu,
Graphical interfaces | and pointer type of interface rather than the miation
which can be represented using such an interface.

Table 2: Blenkhom and Evans's (1998) taxonomy of siial representations

2.4.4 Takagi and Tatsuya’s taxonomy

In an attempt to identify next generation acceBgibfeatures in graphics
standards, (TAKAGI and TATSUYA, 2007) carried ouswarvey of “typical” existing
business graphics. A set of 60 examples were Gilegsiccording to their complexity
and formality, their accessibility potential wasaldiscussed by the authors. Four

categories emerged from their survey (Table 3).
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Simple graphics

This category is presented as simple

to

describe using an alternative modality such as

Braille or speech output.

Formal diagrams

These diagrams are defined as having a v
defined data-model behind their structu
Examples of these diagrams include t
structures, Unified Modelling Languag
(UML) diagrams.

vell-
re.
ree
je

Table structures

These diagrams can be regarded as tables
consequently can be accessed as such
assistive technologies.

5 and
1 by

Composite diagrams and graphics

These accounted for 50% of the sam
graphics categorized. They are compose(
multiple types of diagrams and are mos
informal. These diagrams are a challenge

ple
1 of

tly
b in

terms of accessibility.

Table 3: Takagi and Tatsuya'’s taxonomy (TAKAGI andTATSUYA, 2007) of visual

representations

Figure 6 extracted from (TAKAGI and TATSUYA, 200ghows an overview

of the classification of the examples selectediieir study, the categories identified

are shown. The complexity of the graphics is shanrthe horizontal axis and the

formality on the vertical axis.
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Figure 6: Categorizations of collected graphics (TKAGI and TATSUYA, 2007)
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2.4.5 A Synthesised Taxonomy Selection of Diagrams

The previously discussed taxonomies have been aenesl. Given the rich
diversity of diagrammatic representations capturedhese taxonomies and taking
into account the time frame of the research, tieeneed to focus on some specific
types of diagrams carefully selected as a basidetmonstrate that the approach
proposed in this thesis is feasible.

As a starting point, the structural taxonomy pr@gebby Lohse (LOHSE et al.,
1994) has been used to identify some representifpes of diagrams for which the
proposed approach might be applied. Any of the iptsly presented taxonomies
could have equally been chosen as a starting pseiirt this instance only the name of
the category differs.

The types of diagrams selected are part of thewNi chart” category defined
by Lohse. These diagrams show the relationshipsdsgt components using lines,
arrows, proximity, etc. Their planar coordinateteys does not convey any meaning
whereas their relative arrangement does. Networ&rtshinclude flow charts,
organizational charts, decision trees, pert chand data models. Blenkhorn and
Evans (BLENKHORN and EVANS, 1998) have named thasg of diagrams
“Schematic diagrams”. They define these diagramstasctured diagrams which
consist of objects and the relationships betweesdlobjects. As maps, they are also
defined as presenting abstract information, howéwethis type of representation the
position and size of the objects of the represmmtaare not as important as the
explicit relationships between these componentaniples of such representations
include software engineering diagrams, project mlam charts, organisation charts,
etc. The selection was further narrowed down taertfa diagrams”. Referring to the
(TAKAGI and TATSUYA, 2007) taxonomy in terms of foality and complexity,
“formal diagrams” are diagrams defined as havinge#l-defined data model behind
their structure.

The approach explored in this thesis will applyvell structured diagrams that
conform to well-defined conventions in specific rf@lly defined domains. The
selected classes are representative of a wideerahgiagrams. It is believed that
because of underlying similarities, demonstratingt tthe approach works on these
selected classes would allow inferring the feaitjbdn a wider range of diagrams of

the same type.
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This led to the reasoned choice of selecting twsses of formal diagrams:

e Process diagrams: describes the relationships batyweocesses and/or
objects. They consist of elements linked togetsamgiarrows representing
flows between the elements. Examples (Figure lhisfclass of diagram
are business process diagrams, UML Activity diagramrocess flow
diagrams, flowchart diagrams, UML state diagrams.

« Hierarchical diagrams: describes hierarchical r@tships in levels/layers
between concepts. They consist of a hierarchiqaictsire of elements
organised into different levels. These diagramsoften used to depict the
structure of a model (e.g. enterprise, family, systetc.). Examples of this
class of diagram (Figure 2) are Organisation ch&dmily Trees, Warnier-
Orr Diagrams, Directory Trees, etc.

In the context of this thesis, two particular typésliagrams have been selected
as a basis for experiments, one from each of tbectasses: Organisation charts from
the hierarchical diagram class and UML Activity gliams from the process diagram

class.

2.5 Diagrammatic Communication

As argued in the previous section diagrams carsb&band have an important
place in communication as they play a key roledms disciplines such as science,
geography or mathematics. But as mentioned by haakid Simon (LARKIN and
SIMON, 1987), studies on understanding why diagramessuch a useful powerful
representations lead to questions such as “whdhasknowledge required for
effective diagram use?”. Indeed, in their viewdidgrams can be better
representations ... because the indexing of its in&ion can support extremely
useful and efficient computational processes. Bigstiheans that diagrams are useful
only to those who know the appropriate computatipnacesses to take advantage of
thend.

Among their advantages, the way diagrams encodwegoinformation and aid
reasoning, has attracted much interest in mangdielf research (NARAYANAN,
1997). These research interests have been classiftaree categories:

» Nature of diagrammatic representations
» Cognitive processes of diagrammatic representatiopsrception,

comprehension, reasoning, generation and manipalati
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* Computational processes of diagrammatic represensat parsing,
interpretation, compilation, execution, generaioil manipulation.

Diagrammatic communication involves the use of diagmatic languages for
the creation of diagrams to communicate informat®a diagrams are considered as
expressions of visual languages.

Horn states'Visual Language as one of the more promising aesnto the
improvement of human performance in the short téime next 10 to 15 years)
(HORN, 2001). He introduces the major goals forrtbet 15 years:

» automatically create diagrams from text

» create tools for collaborative mental models basediagramming

e improving the semantic web, by managing multipleamegs of visual
languages in real time on the web

» get computers to understand the link between viandlverbal languages,
etc.

Each diagram carries a message. Diagrams are a¢lieabeder to communicate
a specific intent and aim to make this intent ustéerdable by a reader.

This intent needs to be accessed to discover tbelkdge the diagram carries.
As Lohse (LOHSE et al., 1990) writeyiSual representations carry no meaning
without the decoding processes that interpret tisaal representation. People must
have rules to interpret features of visual repreagan.” Once such rules become
familiar, diagrams develop into an efficient toof tommunication.

Such diagrammatic communication requires generatioamprehension,
reasoning and interaction involving three entiti@ARAYANAN, 1997): the
diagrammatic representation representing the iendessage, the communicator
representing the idea diagrammatically and theiveceomprehending the meaning
of the diagram. Figure 7 extracted from (NARAYANAN997) illustrates such a
model of communication. The communicator and rezrereles may be cognitive or
computational agents. Computational processes uavdiagram parsing, diagram
interpretation, program execution, diagram genenaénd manipulation to convey the
result of program execution. The cognitive processee diagram perception,
comprehension, inference and diagram generationnaemipulation to convey the
results of inferences. Based on the model (NARAYMN 1997) stipulates that the
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utility of a diagrammatic communication rests ots “computational tractability and

cognitive effectiveness”.

Screen
Reader

i \
creation / manipulation_s parsing / interpretation
“perception / comprehension: creation / manipulation
ER N
Cognitive Diagrammatic Computational
Agent Representation Agent

Figure 7: Diagrammatic communication based on (NARAANAN, 1997)

2.6 Generating diagrams

The previous sections on diagrams led to the cuesif the production of
diagrams on computers. Researchers working onhzatian have been investigating
the most appropriate way of displaying a givenasetata on a computer. They have
been exploring ways for generating diagrams froghtevel representations. These
approaches are mainly aimed at automatically géngraeffective diagrammatic
representations based on the type of the data fordsented and/or the tasks it is
intended for (DUKE et al., 2005) .

The following sections review different methodstthave been explored over
time to generate diagrams from raw data. Each ede¢hmethods explores a given
intent. They start from high-level representatiaisa given set of data. They are
aimed at generating expressive and effective dmgrhased on the type of data

and/or the tasks it is intended for.

2.6.1 A Presentation Tool (APT)
Mackinlay (MACKINLAY, 1986) was one of the first tgontribute to the

automatic design of visualizations. He explored d@ladomatic design of expressive

and effective graphical presentations for 2D stat&sentation of relational data such
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as bar charts, scatter plots, etc. His approacbased on the assumption that
“graphical presentations are sentences of graphi@agjuages, which are similar to
other formal languages in that they have precisgastic and semantic definitiohs

Mackinlay highlights the fact that all communicatics based on convention
sharing. Indeed, to determine how messages ardrgoiesl and interpreted a group
of persons have to agree and share a given sebrofentions. In the case of
communications of graphical representations, tloessentions define how specific
arrangements of graphical objects encode informatidhe formalization of these
conventions is used as a basis for the logic progdesigning presentations
automatically.

They have built “A Presentation Tool” (APT) that signs graphical
presentations of given information automaticallf2Rextracts the information from a
database, and then synthesizes a graphic desigrh vidian abstract description
indicating the graphical techniques used to en¢bdenformation it presents. Based
on this graphical design the tool renders a graplpiesentation.

The foundation of this research relies on the dgwekent of visual languages
describing the syntax and semantics of graphiczdqamtations.

Two set of criteria are used to codify graphic dgesi expressiveness and
effectiveness. The expressiveness criteria determhrether a graphical language can
express exactly the given information. The effeaniess criteria determine whether a
graphical language exploits the capabilities of thput medium and the human
visual system. However, in this particular researttte author focuses on the
generation of designs which can be accurately pré¢ed. APT generates optimal
graphical designs by matching data types with respe Cleveland and McGill's
recommendations (CLEVELAND and McGILL, 1984).

APT presents a number of limitations. It is maimiended for specific graphics
which are easily interpreted. Its applicability azapabilities are restricted. APT does
not take task into account, so the graphics gee@raty not be the best for a specific
task hence based on Gurr's definition of an efiectliagram (GURR, 1999), they

might not be effective diagrams.
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2.6.2BOZ

BOZ (CASNER, 1991) extends APT by rooting predidatéask. BOZ designs
different graphical representations of the samermétion based on the nature of the
task intended to be supported. It relies on thenitimg theory of Larkin and Simon
(LARKIN and SIMON, 1987) and shares Gurr's view tre effectiveness of a
diagram depending on how well it matches both vithegpresents and the “task” for
which it is intended.

One advantage of such a method is the achieverhant @fective graphic well
designed for the intended task. But when creatidgagram not only the information
to be presented is needed but the intention ofgbeiver must be known and passed
to the system. As mentioned by Casner, BOZ presemte limitations as this process
involves human intervention. Task descriptions haviee prepared by hand and then

submitted to BOZ. Also BOZ does not provide goadwgh time predictions.

2.6.3 TRIP2
TRIP2 (TAKAHASHI et al., 1991) is a prototype systdbased on a model of

bi-directional translation between internal abgtdata of applications and pictures to
generate diagrams (e.g. graph diagrams). It iscbasedeclarative mapping rules
expressed in Prolog. Using these rules it beconossilple for changes made on a
diagram to be fed back to the abstract structute alatomatically by the system.
As the authors stress, the idea of bi-directiorahdlation is basically simple.
The difficulty arises in its applicability as a ggal model, due to the infinite amount
of possible kinds of data and visual representatidinis imposes the definition of
specific dependant rules for every new combinadibabstract data and picture.
To address this issue, they define four differeptesentations (Figure 8):
* Application’s Data Representation (AR): the apglma specific data.
» Abstract Structure Representation (ASR): the uydeglabstract structure
represented by relations of abstract objects fluardata.
e Visual Structure Representation (VSR): the undedystructure of the
picture.
» Pictorial Representation (PR): the representatibrnthe picture to be
rendered on the device.

a7



Two universal representations, ASR and VSR, ard asepivots. Using these
pivots, whatever changes occur on the abstracictorfal data, will essentially not
affect the mapping rules between ASR and VSR.

As pointed out by the authors the approach presemte drawbacks. The user
has to write the mapping rules and their inversieiciwvis not straightforward using
Prolog. A possible solution proposed is to derime @rom the other or allowing the
specification of the rules visually.

"x consists of p, g, and r." App’s data
(6) ;(1 )

consists_of{x,[p.q.1). Abstract

is_objecti(x). Structure

is_objectip). .

is_object(g). Representation

is_object(r). (relational data)
declarative

. — Visual Mapping
l“flipplﬂg — () (2) and Inverse Visual Mapping
rules

above([x] [p.q.r], Ygap.[rigid]), .
hor-listing([p.q.]. Xgap.[rigid]). Visual
meonnect({[x].[p.q.r],bottom,top, Structure

[solid,orthogonall), P
boxwithiabel(x Width Heightx,  cepresentation

[visible]),

afle

Picture (data)

Figure 8: TRIP2 models (TAKAHASHI et al., 1991)

2.6.4 AVE

AVE (Automatic Visualization Environment) (GOLOVCNBKY et al., 1995)
generates diagrams automatically based on theythlear “diagrams are constructed
based on the data to be visualized rather thanddgctions from a predefined set of
diagrams.

AVE uses basic diagram components correspondingla&bions present in the
data. The aim is to preserve relational propertieshe data within the graphical
presentation in order to reflect the structure led tlata. AVE does not aim to be
general. It is particularly useful for the genesatiof diagrams from heterogeneous
data structures (GOLOVCHINSKY et al.,, 1995). A mtype that automatically
constructs semantic networks diagrams has beenopeee It demonstrates how,

based on properties of binary relations, data dtaresemantic networks have been
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organised and the classification of the binarytietes is exploited to visualize the

data structure.

2.6.5 OntoDiagram

With the intent to provide a better care in paettiatardiology, a research
project called “OntoDiagram” (VISHWANATH et al.,, 268) (Ontology based
Diagram Generation) has explored the automatic rgéna of diagrams based on
patient’s information stored in a cardiology datdand by using clinical and spatial
ontologies representing the human heart.

OntoDiagram used spatial and domain terminologyraomto domain experts
to model the structural aspects of a diagrammascdption. This description is then
used to generate the diagram. The heart is modadiedhierarchical representation of
concepts. The possible defects are modelled istassification including for each its
unique spatial aspects relative to the normal hddre image descriptions of the
components generated by the models are mappediut anages of the components.
To make the composition process more efficient gffiective, the heart base is used
to configure each component position. Annotatiomeswused to add extra information
to each heart component and heart defect, thesbeeclassified depending on their
physiology. This offers users the option to modtig amount of information on a
representation depending on its preferences ohéaet defect requirements. They
have developed a query interface which allows haefetct descriptions to be queried
and to generate diagrams.

An expansion (VISWANATH et al., 2006) of the prdj@med at capturing the
variability of heart defects was developed. By madsing the knowledge underlying
the heart diagram, it becomes possible to apphstoeimation models to represent the

effects.

2.6.6 SemViz

Gilson et al. (GILSON et al., 2008) propose a naygbroach to produce an
end-to-end automatic visualization from extractedhantic information of domain
specific data retrieved from the web. Their apphoe@mbines ontology mapping and

probabilistic reasoning techniques.
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This approach pursues the same goals as MackiMAZKINLAY, 1986) and
falls into the same scope of (DUKE et al.,, 200)e Toriginality of the approach
relies on the use of ontologies and ontology magpin

A domain ontology is mapped to a web page. Thisalorontology stores the
semantics of the domain specific data representethe web page. The domain
ontology is then mapped to different visual repnésons ontologies which capture
popular visual representations. Each of the viseptesentation ontologies captures
the semantics of a visualization style (e.g. Graydtworks).

A semantic bridging ontology is then used to mapdbmain ontology and the
visual representation ontology. This ontology sfiesithe appropriateness of each
semantic bridge by using some specific key knowdetdgmantic equivalence” about
the relationship between the data and the posdinget visualizations. This
information is based on expert knowledge about limmains can be “usefully”
visualized by different visual representations. &hsen the “analysis” of these three
ontologies, different possible visualization desigme dynamically generated. These
visualizations are scored, and the top best oreethan presented for the user to make
a decision based on his needs. A prototype basediapproach, called “SemViz”
and dealing with “music charts”, has been develdpedemonstrate the potential of

the approach.

2.6.7PIC

Bentley argues that a language @&y mechanism to express intent, and the
input to many programs can be viewed as statemanéslanguagé By viewing
inputs in this way, it is possible to see how ta@alapose a computation into a
sequence of processing steps in which the outponefstep is fed into the input of
the next. An example is Kernighan’s PIC languageERKNIGHAN, 1982,
KERNIGHAN, 1991), a component of the Unix documembduction suite for
constructing line drawings from textual descripionThis language works by
generating code that is interpreted by the TROFedgtting system to produce the
drawing on the page. Bentley shows how other LltHaguages designed to express
particular kinds of graphical representations,ewample chemical structures, CHEM
(BENTLEY et al., 1986) and graphs, GRAP (BENTLEYda{ERNIGHAN, 1986),
can be translated into PIC and hence renderediatament.
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Kernighan's PIC language is one possible way ofegsing diagrams.
Although, PIC predates all of the latest new walht®logies and does not make use
of ontologies, it exposes a very powerful idea: ltiple transformations”. Some
people such as Jeni Tennison (TENNISON, 2005) lpaeleed up on the powerful
advantages of such multiple transformations. Shghlights the advantages of
structuring a workflow into XML pipelines to imprevthe manageability of XML
publishing by specifying smaller transformations.

The research project presented in this thesis emt@nd intends to explore the
availability of the current powerful technologies order to express the kind of
intuitions behind PIC.

2.7 Discussion and Conclusion

This chapter has provided a detailed descriptiorthef powerful advantages
(Section 2.1.2B) diagrams offer in presenting, astg and processing information.

Diagrams are created in order to communicate aifgpedent which needs to
be accessed to discover the knowledge the diagaanes. The whole idea resides in
the communication between the cognitive agent Aedcomputational agent (Figure
7). It is all about a certain symmetry that allogsing back up through some
mediating intermediate abstract representatiorthe@ooriginal information, the “raw
data”. The techniques presented (section 2.6) recedhe need of “going back up”.
Some of these techniques have highlighted the itapoe the formalization of the
conventions shared plays when communicating usiagrams. These methods rely
on the development of visual languages expresdmegsiyntax and semantics of
diagrams.

A review of taxonomies for graphical representatitielped select the classes
of diagrams this research will be applicable toe Hpproach explored in this thesis
will apply to well structured diagrams that confotohwell-defined conventions in
specific formally defined domains. For reasonsulsed in section 2.4.5, two classes
of formal diagrams have been selected: “Procesgratias” and “Hierarchical

diagrams”.
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Chapter 3

Accessible Diagrams: A Critical Review

This chapter reviews some relevant work on the sstbiity of diagrams on the
web. It aims at exploring the accessibility of demgs and exposing associated
problems. The effects of such problems for blindgbe are covered but the problem
is seen as more general as it concerns all pelmoleed, all of us could become blind
in some contexts. This could happen while our eyesneeded for other things (e.g.
driving), low lighting levels, etc. In such situatis the use of visual representations
becomes inappropriate. To overcome the barriemdfadhile accessing diagrams on
the web, it is important to understand the issuek [emitations involved in making
diagrams perceivable, operable, understandablecdout.

The main findings, obtained through the presentethods in this chapter, are
discussed, leading to the identification of isstezplirements the proposed thesis will

aim at addressing.

3.1 Diagrams on the Web

It is a moral obligation as well as a legal obligatto provide accessible
information on the web. Appendix B defines acceabsibas well as the legislative
framework related to it.

Graphics over the web, “Web graphics”, such as rdiag, charts and
illustrations are essential components of the cdanté the World Wide Web as it
exists today. Therefore, it is important to consigecessibility of web graphics if the
WWW is to reach its full potential. Due to theirsual nature diagrams present a
challenge as they are hard to access for blind Ipempd people who work in an
environment where visual representations are imgp@te. This section aims at

highlighting the barriers/constraints faced whibeessing diagrams on the web.

3.1.1 Graphic formats

A full review of the most commonly found formats the web is presented as
well as their main characteristics and limitatiom&ppendix A.

Currently most diagrams are represented usingrrésteats. For the purpose

of the thesis these diagrams were named “vectogesia(image of a vector graphic
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represented in a raster format). Raster formatsirappropriate for perceivable,

understandable and operable diagrams. The infabmatbncerning the diagram

(objects and relationships between the objectk)sisas only the data describing the
characteristics of each individual pixel is avaalvithin the format used. Even

though metadata can be injected in most rasterdtsnthis facility imposes some

constraints as it can only be added on top of leefdrmat and not at the individual

level of objects requiring the diagram to be segr@e entity. So the description has
to be done for the complete image. The informaadded could be enormous if it

attempts to describe the diagram in detail or i§igoing to be used to describe the
diagram as a whole.

Vector formats present more opportunities thaneragirmats to make the
information of the diagram available for accesgipipurposes. Vector formats such
as SVG, SWF and WebCGM are available on the welenBWough they offer
accessibility features (some inherited from beiegter formats (zoomable, plain text
format, metadata added at level of individual ot)jeend other proper to each
individual format (e.g. SVG alternative equivalgntthey do not guarantee
accessibility. Indeed if not authored properly waitcessibility in mind they can be a
challenge to access.

Currently SVG (W3C, 2001, DOUG and CULLER, 2009 ieh comes with a
set of accessibility features (title, desc, grogpicomments, class attributes for
styling, etc.), is the most appropriate vector gragormat on the web. It is a low-
level graphics standard but it is defined in XML iah offers many advantages as it
can be used in conjunction with other web technekgEven though notes on the
accessibility features of SVG (MCCATHIENEVILE andO®VUNEN, 2000) have
been published by the W3C, no guidelines exist ow o author accessible vector
graphics. SVG stores structural information abbetdraphic as an integral part of the
graphic but the amount of structure is mainly auttependent. SVG does not capture
diagrams at a high enough level of abstractiors thore a “final form” presentation,
which has some drawbacks in the direct creatiorcasfiplex, highly structured,
diagrams. Furthermore, most editors do not auth@ncourage authoring accessible
SVG by correctly grouping elements or promoting tise of “title” or “desc” for
example. A full description of the limitations o6& is presented in (Appendix A
section A.2.2B).
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3.1.2 Guideline 1.1 and the WCAG 2.0 POUR Principles

According to the WCAG 2.0 (W3C, 2008c), four pripleis (POUR) provide the
foundation for Web Accessibility: Perceivable, Ogdg#e, Understandable, and

Robust.

Perceivable: Information and interface componentsstnibe perceivable.
Users must be able to perceive the informationgmtes! using at least one
of its senses.

Operable: Interface components and navigation rbasbperable. Users
must be able to operate the interface.

Understandable: Information and the operation ef ithterface must be
understandable. Users must be able to understandftrmation presented
as well as the operations the system offers.

Robust: Content must be robust enough that it aGannterpreted by a
variety of user agents. Users must be able tosactiee content with

current and future user tools.

These principleslay the foundation necessary for anyone to accasd use
Web conterit(W3C, 2008c).
These four main principles of WCAG 2.0 apply petffeto visual web content

such as diagrams but the actual guidelines doewadlyrindicate the requirements to

make this type of content (vector graphics) acbéssi

The only requirement found (WCAG 2.0 Guideline 1lid)the provision of

“Text Alternatives” which does not apply to vectgraphics but rather to vector

images. Furthermore, for various reasons discuss@ppendix C section C.2.2) this

is not always appropriate as it does not ensuresadaility of such web content. If the

description is missing, if a meaningless descnpitoprovided or if the diagram is too

complex to be described textually, blind users sers who work in environments

where visual representations are inappropriatej timemselves denied access to

possibly important information. The support of asse technologies (e.g. screen

readers (see Appendix B section B.5)) allowing asde such alternative information

is also limited for some occasions (e.g. when l@tk mechanism for the object

element is not well supported (see Appendix C srdil.2.3)).
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3.2 Current approaches to presenting accessible

diagrammatical content

Many researchers have explored different approathaesake diagrammatic
content accessible to blind or visually impairecogle by presentation in other
modalities such as textual, auditory, tactile ormbmations of them (e.qg.
Audio/Tactile). These approaches have been terrbettdm-up approaches”. They
start with a vector image, attempt to infer or agtrinformation from this, and then
generate alternative presentations.

These approaches have greatly contributed to regpbome of the accessibility
problems of graphical content faced by visually &ingd users. They provide useful
methods and tools to interpret, present and naigetphical information. However,
they do have some limitations which need to be idensd for the accessibility of
diagrammatic content.

The different possible alternative modalities toess diagrams for blind people
are reviewed followed by a detailed review of cotréottom-up approaches to
presenting diagrammatic content to blind people ggnerating alternative
presentations in other modalities.

3.2.1 Existing alternative modalities to access diagrams non-

visually
Blind people, deprived of the sense of sight, heveely on other senses to
access information, mainly touch and hearing. Deffit modalities (BAILLIE et al.,

2003) have been explored: Tactile, Audio, Haptiadid/Haptic and Audio/tactile.

A. Tactile presentation access

In certain circumstances, diagrams can effectilmyconverted into a tactile
diagram when appropriate and well designed. Inetloases, tactile diagram become
an invaluable resource of information.

But as stated by the RNIB National Centre for Tladliiagrams (NCTD, 2008)
“Converting the visual graphic to an appropriate ttec graphic is not simply a
matter of taking a visual image and making somel kih“tactile photocopy”. The
tactile sense is considerably less sensitive tharvisual sense, and touch works in a
more serial manner than vision. Therefore the Jigmaphic needs to be re-designed

by experts to make sense in a tactile férm.
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There exist a number of tactile formats:

1. Embossed diagrams are produced on a Braille pnwitéch punches dots
to make the diagram (e.g. Tiger Tactile Graphia Braille Embosser).

2. Swell paper consists of microcapsule paper whichllswon black areas
when exposed to heat.

3. Vacuum formed diagrams using a thermoform printer.

Tactile diagrams are limited by the amount of infation they can express.
Tactile devices do not allow high resolution. Tkctliagrams require some practice
to read and interpret, even with the simplificatipmocess they went through. Very
complex diagrams can be really difficult to readhnihe touch sense alone. When
reading a diagram tactually, the diagram has tdikeovered by scanning it tactually
for a mental image of the whole diagram to be builtereas while reading a diagram
visually the overall diagram is looked at and tkien details can be read if needed.

This kind of diagram can be expensive to produdas Tmodality requires
important resources and cannot satisfy the largeuatof diagrams available due to
the lack of appropriate devices. In the case oftileadiagrams which are not
refreshable; once produced they need to be repeddifia modification is required
making them not too adequate for diagrams changirey time. Much research is
being carried out in order to address the issu¢gatife diagrams, some exploring the
feature of SVG in the facilitation of generation tattile diagrams (ROTARD and
ERTL, 2004), others attempt to automate the trgpisan process needed to produce
accessible tactile diagrams (GONCU, 2009).

B. Auditory description access

Auditory access is a popular way of conveying infation for the blind. There
are different kinds of auditory access: speechrammdspeech auditory access.

Screen readers and voice browsers rely on speelifoiguaccess to convey the
information on the screen to the blind user.

Sonification, an emerging success in accessil{fiB/ANKLIN and ROBERTS,
2004), uses non-speech sounds (i.e. pitch, timmmeme) to represent and convey
information. This method has proved to be an egoélvay to convey the trend of a
graph for example (BENNETT, 2002).

Auditory access of information within a diagram geets some drawback due to

their nature. Audio differs in the way it conveydarmation. It provides information
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sequentially.  Furthermore, audio does not offey a&xternal support for the
exploration of the information presented. Compleagchms presented in sound could

stretch the limit of the working memory.

C. Haptic access
Haptic interfaces combine tactile and kinaesthe®nsing (force feedback
interface) (ROTH and PUN, 2003) to perceive spatitdrmation such as proximity,
texture and shapes.
A mix of different modalities have also been eashed, this includes:
Audio/Haptic and Audio/Tactile modalities.

D. Audio/ Haptic access

Another modality explored (ROTH and PUN, 2003) tcake diagrams
accessible is a combination of audio and haptiesg;cmost of the time involving
force feedback devices and non-speech sound asgfdhesized speech. It has
successfully been explored for graphs (YU et @02 more specifically pie charts,

line chart and bar charts.

E. Audio/Tactile access

Many researches have focused on improving tadilgrdms. A combination of
tactile diagrams with audio has been of great @stein research in making diagrams
accessible (KENNEL, 1996, WALL and BREWSTER, 200BNCB, 2009,
VIEWPLUS, 2009). The audio/tactile access methad loa used to make diagrams
accessible to many blind people. Well made audigtiodiagrams can contain
additional information that helps make complex diags accessible too. It has been
proved to greatly reduce the mental effort needegttess diagrams.

A well known example is AudioGraf (KENNEL, 1996) om Kennel.
AudioGraf presents a diagram in an audio-tactilg;whe diagram is displayed on a
touch sensitive panel and explored by the user gdis access to different levels of
detail depending on the pressure applied on thelghrough speech and non-speech
audio.

Currently the two most popular audio/tactile desica&re IVEO Touchpad
(VIEWPLUS, 2009) and the Talking Tactile Tablet [T®RNCB, 2009). Text labels
are attached to regions of the tactile diagramschviaire placed on a touch panel
connected to a computer. Then the diagram is ex@lby the user who navigates
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with his hand on the tablet, each region prességutal an audio description of the
label attached to it. These techniques have pravée very useful to explore graphs,
maps, charts, etc.

Although popular, these techniques are limited fiy amount of information
tactile diagrams can express and so cause proldent®mplex and rich diagrams.
One solution proposed by IVEO is the use of SVGcihallows the diagrams to be
zoomed and printed based on the area of interestt(e IVEO project in the next
section). The origin of the audio information ispiantant, the more comprehensive
these audio outputs are the better the experientd they are badly designed the
user might get frustrated and give up as a reldging this modality, the user needs to
search and discover the information instead of wlting it. It might be difficult for a

novice user who might get discouraged.

3.2.2 Description of some current Bottom-up approaches
These bottom-up approaches can be organised iotodtegories:
 Infer alternative presentations from the origina¢o

» Explore accessibility features of SVG

A. Infer alternative presentations from original one

In the first category, there is an attempt to ird#ernative presentations from
the one given by an author, by either using a thudchan party (MIKOVEC and
SLAVIK, 1999, KURZE et al., 1995), or by applyirg semi-automatic analysis
(ELZER and SCHWARTZ, 2007, HORSTMANN et al., 2004t-RRES et al.,
2008). This process infers additional informati®ools are provided to enable users
to navigate and explore such information.

% Blind Information System (BIS) and Graphical User Interfaces for Blind
People (GUIB)

The “Blind Information System” (BIS) (MIKOVEC andLa&VIK, 1999) and
“Graphical User Interfaces for Blind People” (GUIBJURZE et al., 1995) are two
interesting projects that have proposed methodetodo tackle the problem of
graphics accessibility for blind users. These apghes have made a significant
practical impact by allowing blind users to commeti graphical information.
Although their approaches differ in detail, theyasha common basis in the fact that
they depend on human intervention by a third padymoderator”, not necessarily
the author, who provides a description of the giaghnformation.
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The “Blind Information System” (BIS) is a projealeveloped at the Czech
Technical University (MIKOVEC and SLAVIK, 1999). lis a system for the
interpretation of graphical information. It devetop hierarchical picture description
methodology based on an XML grammar which charassrpictures by structure
and semantics. The result obtained is a text (XBtgument describing the semantic
and structural view of the picture. The descriptaistained depends on the person
creating it. This person, who will probably not thee author, might omit important
information from the description and provide arogjincratic interpretation.

In the context of the “Graphical User Interfaces Rlind People” (GUIB)
project (KURZE et al., 1995) a two phase methodpldgy introduced, which is
supported by software which allows the work of anghted person to be used by
many blind people.

The two phases are:

« Phase 1: a modelling tool supports a sighted pe(dt moderator) in
producing a model of the visual graphic taking ind@count the
representational and presentational aspects of gitaghics and the
interaction facilities available to the blind peanso

* Phase 2: a presentation tool allows the blind petsanteract, explore and
experience the graphics without the assistance sifjlsted person. This
approach presents an obvious drawback: the moderalt@ most of the
time is not the author of the graphics, has an mapb responsibility. He
decides what information to convey and imposevie when the graphic
is being read.

< Summarizing Information GrapHics Textually (SIGHT)

In SIGHT (ELZER and SCHWARTZ, 2007) there is aneatpt to
automatically infer and convey the intended messageph carries. SIGHT (ELZER
and SCHWARTZ, 2007) is a system, implemented asmwd®er extension, enabling
visually impaired users to gain access to a textuwmhmary of the hypothesized
intended message of the graphic. The informatiath@@raphic is summarized by the
system around this inferred message and then mdwio the user who accesses it
using a screen reader. This approach hypothedizds".t.the core message of an
information graphic (the primary overall messagattthe graphic conveys) can serve
as the basis for an effective textual summary egtlaphic (ELZER and SCHWARTZ,

59



2007). The system is currently limited to simple baadis and investigation for line
charts is ongoing.

A Browser helper object (BOH) is created the instaninstance of the browser
is created. It then intends to establish which dbig in focus on the browser. Once
the graphic has been detected it is passed toumMistraction Module. This module
analyses the image file and produces an XML reptaten containing the
information about the graphic (for the type “barmanty it will contain numbers of
bars, labels of the axis, label of each bar, hedfthe bars, etc.). The author specifies
that for the moment the VEM only handles electramages with certain fonts and
with no overlapping characters. The VEM is alsoitit as it assumes only standard
placement of textual information such as captidabels and axis headings. For
example, if a bar chart is detected, the systeamgits to infer its intended message.
The XML file is then passed to a “pre-processing aaption tagging module”. The
pre-processing adds extra information judged tanfortant in the XML file based
on the analysis of its content and the caption itag@xtract information from the
captions and then passes the file to the InterfRenognition Module (IRM). The
IRM is charged to recognize the intended messagheofraphic. The IRM reasons
on three communicative signals to determine thenishtd message of the graphic:

» Relative effort required for different perceptualdacognitive tasks. This
signal is based on the hypothesis that “the redatiifficulty of different
perceptual tasks serves as a signal about whids tdee viewer was
expected to perform in deciphering the graphic’'ssage”.

* Importance of entities in the graphic which draveition to important
aspects of the graphic (e.g. different colors uskfierent annotations,
captions, etc.).

« Presence of certain verbs and adjectives in thgoraplhe aim being to
extract communicative signals from these.

The evidence extracted using the communicativeatsgns used by the IRM
Bayesian inference system to infer the intendedsatgs of the graphic.

The system has been evaluated for “bar charts”.pieshe advantages
presented by the author (provide access to the comeative intent of the graphic,
does not necessitate specialized hardware, nonactguired by the web developer)
the results showed that the intended messageedferas not always the one actually
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intended by the bar chart. This might result invaying the wrong intent, which
could lead in a misinterpretation.
%  Technical Drawings Understanding for the Blind (TeQJB)

The TeDUB (TEchnical Drawings Understanding for Bland) project which
began in 2001, explored the possibility of a seutematic analysis of diagrams
(HORSTMANN et al., 2004a, HORSTMANN et al., 2004bhe system developed
generates descriptions of certain classes of dig@utomatically (electronic circuit
diagrams, UML diagrams and architectural plans) atwvs blind people to read and
explore them on a PC with the aid of a computeragjaystick and a screen reader.
The diagrams used in the TeDUB project are takem fdifferent sources. They can
be raster graphics, vector graphics (SVG), filerfar with semantic content (e.g.
XMI, CAD format).

The system is composed of two main parts. Theifirgte “Diagraminterpreter”
which is the knowledge processing unit. It analytbesdiagram provided, operates on
a network of hypotheses until a semantic descnptibthe whole diagram is found
and converts it into a representation that is usgdhe second main part of the
system: the “DiagramNavigator”. The latter allow tblind users to navigate and
annotate these diagrams through a number of igmaoutput devices.

In the event that the automatic process might lemdvrong results, the
“ImageAnnotator” is used to make corrections. Tragproach for the presentation
and navigation of diagrammatical information offerany advantages for blind users.
But as the authors point out, due to noise andidishs in the original data, the
(semi-) automatic analysis of the diagram informatmay produce wrong results. To
overcome this issue, the Image Annotator tool avigied to allow a human to correct
and to improve the internal description generakigman intervention and time may
thus be needed.

% iGraph-Lite

The iGraph-Lite system (FERRES et al., 2007) ijp@n source project aiming
at providing automatic short verbal descriptionggven graphs and some means of
interaction to interpret and query the graph’s infation. iGraph-Lite (FERRES et
al., 2007) attempts to make the information carbgdhe graph accessible to users so
they can explore the graph information and inferintended message depending on

his own need.
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Contrary to SIGHT, the main objective of iGrapheLis of Natural Language
based interactivity with the information of the gha
The graphs are created using some standard applisa(SPSS, Microsoft
Excel, OpenCalc) with a specific plug-in installed the application. This plug-in
allows the creation of an XML file containing ale information regarding the
structure and the data provided to create the grapé XML file is then translated
into a text file or a web page which can be acakbyea screen reader.
The iGraph-Lite system consists of three subsystems
1. The P-System, parses the XML file and generatesy@& lersion of the
given graph taking into account mathematical prigperof the data (e.g.
maximum, minimum).
2. The C-System stores different kinds of rules fosadibing and querying
the logic version generated by the previous subsyst
3. The L-System, which is the language subsystem stéhke outputs from
the previous subsystems, including all possiblergrices, and generates a
natural language text (general description or nrespdo a query) plus the
querying system.
The XML file can be explored and the data can berigd “sequentially” while
a textual description is provided. The query sysiensaid to be a “sequential”
guerying process as it allows the user to move foom point to another at a time.
Some navigation commands allow the current positiorthe graph to be
indicated and values to be skipped, theand < keys allowing the user to travel
around the data.
iGraph-Lite presents some limitations. Some evaunatesults of the project
showed that some of the users needed to get monansies, some important
information are not inferred and so not conveyethuser. Some information at the
P-System level is inferred based on algorithms fi@moncept repository which is
limited to a set of algorithms which might not héfgient. Users also would like to
get more interactivity with the graphs; the presetdequential” query system is not
adequate when looking for exact information. Thetey depends on a plug-in
installed on the graphical application. This apploanight cause some problems as
the plug-in might not be supported by some graprapalication and the currently
supported applications might be evolving at a faséee than iGraph-Lite.
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B. Explore accessibility features of SVG
The second category includes approaches that haptered the accessibility
features of SVG and have attempted to overcome som8VG’s limitations.
Additional information is embedded in an SVG docai@.g. metadata, constraints,
and alternative descriptions) and alternative priedgns are generated based on
added information.
« The Science Access Project (SAP) and ViewPlus proje
The Science Access Project (SAP) group at Oregoivelsity aims at
developing methods to make information accessitevisually impaired people. In
1997, SAP started a research project to make venages accessible. They obtained
some useful results and acquired an understanditigegossibilities and limitations
of audio/ tactile access of vector images. With eéngergence of SVG they stopped
this research project concluding that “there isnay to make vector images that are
more or less automatically accessible as a sepaatessibility page needs to
accompany each vector image” (SAP, 2005).
They then developed the ViewPlus project (BULATOM&ARDNER, 2004).
The project’s current hardware/software product s a group of SVG applications
which can provide excellent access “to most” SV&pbical information for all:
* ViewPlus IVEO Creator application
* ViewPlus embosser
* ViewPlus TouchPad
A blind user can use the ViewPlus IVEO Creator mapilon to import a
diagram from the Web, paper copy, or any electrdilec and create an accessible
IVEO SVG version. This diagram can then be printeca ViewPlus embosser to
create a tactile version, and it is then place@ &dfiewPlus touchpad to read. When a
region of the diagram is touched, it speaks thermétion attached to it. For most
diagrams, the audio feedback and the tactile lagbatstandard size diagram is quite
accessible. However for complex, information riciagrams if a better view is
needed, SVG lets one zoom and make bigger copies.
Many accessibility features of SVG have been sisfubg explored in the
ViewPlus project (BULATOV and GARDNER, 2004), butrse of its limitations
have also been identified (GARDNER and BULATOV, 2R0
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The accessibility features are of benefit only sed in the document creation
process. If a document is not properly structueed.( careful use of <g>elements), it
becomes very difficult to provide alternative pmasgions even if alternative
descriptions are provided for individual elemei®sme SVG documents become less
accessible when created without <title> and <desdements, so to overcome these
drawbacks SAP has created an SVG editor that peraddition of a title and
description to elements that do not have them. S8W® documents are very badly
structured and therefore less informative. So aooa8ly, re-ordering the hierarchical
structure of the SVG to organize objects into prapeups becomes necessary.

In the ViewPlus project the authors have taken@praach based on exploring
the information behind the picture, but the solugigproposed are expensive in terms
of adding extra information and/or reorganizingriuis illustrates the fact that SVG is
in a sense too low level and does not contain emanfgrmation about the structure
of the graphical information.

%  Constraint Scalable Vector Graphics (CSVG)

An extension to SVG, called Constraint Scalable tdiecraphics (CSVG)
(BADROS et al.,, 2001), has been proposed. It dhrtiaddresses some of the
limitation of SVG by proposing additional capahbég, semantic zooming, differential
scaling and semantics preserving manipulation. C&U@vs attribute values to be
expressions whose values are determined at disiph@y- These additional
capabilities allow alternate layouts for the samgidal group of components in a
diagram, which greatly improves SVG’s value. Whilss constraint-based approach
permits a more flexible description of graphicahmmt, CSVG remains close to
SVG, and still captures diagrams at a similar lewel of abstraction.

% The SVG linearizer tool

The SVG linearizer tool (HERMAN and DARDAILLER, 20D generates a
textual linear representation of the content of MG file by using a metadata
vocabulary describing it. The author has to desctiie SVG-content using this RDF
vocabulary and to add textual descriptions to lalinents that constitute primary RDF
resources. Then, from this information plus infotimra contained in the SVG file
itself, an HTML file is generated. As describedthg authors, the generation of the
RDF metadata is done mostly by hand and this cbeldacilitated by appropriate
authoring tools. Indeed, adding the RDF annotatisra onerous task for the author,

and this operation can be tedious and not vergiefft for complex diagrams.
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This method is too dependent on the creator's pegieand willingness to
produce appropriate metadata (at least in the bobncept tool). As proposed in
(LEWIS, 2006), one possible alternative to makeapproach easier for authors and
less prone to errors would be to provide this figcilhrough a semantically rich
markup language, rather than requiring the auth@etnantically enrich the diagram.
Furthermore, as the authors of the SVG linearizeol t(HERMAN and
DARDAILLER, 2002) point out, “the specification othe right vocabulary is
undeniably the hardest research issue to evolseafiproach further”.

3.2.3 Limitations of Bottom-up approaches

The approaches proposed in BIS and GUIB contairtheis authors point out
(KURZE et al., 1995), an intrinsic drawback, i.the resulting description of the
picture relies heavily on the expertise, analysid mdexing of a third party (not the
author of the vector image most of the time). Apartant responsibility placed on
the moderator is to decide what information to @nvand thus the moderator
indirectly imposes a view when the picture is benegd (which may result, for
example, in an idiosyncratic interpretation of théormation or in the inadvertent
omission of important information).

In the approaches of TeDUB, SIGHT and iGraph Lite, automatic (ELZER
and SCHWARTZ, 2007, FERRES et al., 2007) or seroraatic (HORSTMANN et
al., 2004b) analysis of the diagrammatic presemtavector image) may produce
wrong results due to noise and distortions in thgmal data presentation which may
need time and human intervention to correct andiprove the information extracted
(HORSTMANN et al., 2004a, ELZER and SCHWARTZ, 200r)due to limitations
of algorithms in charge of recovering semantic infation behind the diagram
(FERRES et al., 2007).

In the second set of approaches described (ViewRG8VG and SVG
Linearizer tool), the authors have identified theed to preserve the information
behind the diagram by storing it within the formepresenting it (in this case SVG).
They all try to explore the accessibility features$SVG and also attempt to overcome
some of its limitations (see APPENDIX section A)2.2he author dependent low
level nature of SVG and structure of the informatidhe solutions proposed involved
sometimes reorganising the structure of the SV@ef original is badly structured,

enriching it by adding extra information (addintietiand desc element when missing
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or inserting RDF annotations). These solutions expensive and onerous for the
author who is willing to invest time and patience.

An important point noticed while analysing thesest®rg approaches is that
most of the limitations they present are not dug¢he way they allow the user to
access and explore information but are due to itfielp inherent in trying to recover
this information from the diagram. The absencendébrimation “behind” the vector
image which is lost at the creation stage is thanpeoblem.

The following section discusses an example thastiiates the idea.

3.2.4 Summary of issues

A. Loss of information at diagram rendering

Director
John

IT Manager Finance Manager
Peter Sue

Figure 9: A Simple example « Do you see what | mean»

Figure 9 is a diagram given without any additionahtext. This diagram is
composed of three boxes organised into two levedscannected by undirected lines.
Is it possible to infer what the boxes and thedithetween them represent? What
information is available about the relationshipwe#n Sue and John? One could
assume that the three boxes represent three eraployerking for the same
company. The connections might represent line®ofraand, implying a hierarchical
relationship between the employees (e.g., John gesn&ue). Another interpretation
could be that this diagram represents salary graltés is in the next salary grade
above Peter and Sue, who are in the same gradey bther interpretations are
possible, e.g., a family tree, a floor plan. Thaimrinfers information based on
previous experiences, making one see and underataatdone wants to see and was
taught to see (NARAYANAN, 1997).

Without any contextual information provided withdaagram represented as a

vector image it is difficult or even impossibleitder what the author of the diagram
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intended it to mean. This is mainly due to the that the semantics of the diagram is
not made explicit.

Over time many researchers highlighted the needading this precious
information behind the diagram available. In 199Ghn A. Gardner (GARDNER et
al., 1997) gave an overview of the concepts of ‘fsm@grams” (information behind
a diagram) and intelligent diagrams browsers fareasing such information. He
highlighted the fact thatNlearly every part of smart graphics technology tsxisday,
but to our knowledge there is no complete packdge incorporates everything
necessary to author a smart picture, incorporataio an electronic document, and
display it intelligently. In an attempt to identify “.next generation accessibility
features in future graphics standard$ As mentioned in Chapter 2 section 2.4.4,
Takagi et al. (TAKAGI and TATSUYA, 2007) made diféat surveys, one of which
highlighted the complexity of existing businesspirias which they categorized into
four categories: simple graphics, formal diagratadle structure and composite
diagrams and graphics. (As mentioned in Chapténe?,formal diagrams” category
is of interest in this thesis.) Takagi statd4sormal diagrams are formally defined
diagrams, which have a well defined data-model tehine visual structure, such as
tree structures, Venn diagrams...UML diagrams. If -umwmal conversion were
defined for each data model and blind users leartedappropriate access method,
then these diagrams should be accessible. In aaémplement this approach, the
graphics should have functions to preserve the -daddel for each part of the
figure”.

Takagi also underlines that the most importantrmfation to be presented non-
visually is the “represented informatiorfhowever no standards support bundling of
the represented information in graphics. The idéa tdata-model attachment” is an

important idea”.

B. Author’s willingness
The willingness of authors, to allow the capturel atcess of the diagram
content information while creating their diagramssan important aspect to consider.
Given a diagram on the web, the sighted user cemvgaat information he can
from its representation. The information that he ohtain depends on the author, the
quality of the graphics system used and the apjai@mess of the diagram or

visualization techniques used. The information willgeneral, be tailored by the
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author so that what the user sees and the infasméaie acquires is what the author
intended and what the author allowed him to acqWibat the author means”.

There is a moral and legal duty for the author tovige an equivalent
perceivable view to the blind person. That also mse#at if the author has
constrained the information provided to the sighisdr for any reason then he should
ensure that the same constraints are applied totbenation provided to the blind
user. For this to be possible, the author needseteerate an alternative equivalent
view that does not need the diagram to be seede®@bwith situations where authors
decline to do that, researchers have come up withumber of “bottom-up
approaches”. Such approaches are the best thavecachieved given that authors
refuse to provide access to the information beltimel diagram and there is no
jurisdiction to force them doing it. These “bottarp® solutions would satisfy both

the moral and legal requirements.

C. Graphical format

The alt-text approach and most of the other appesmdescribed previously are
as good as they could be for images but if the eniaga vector image then better
accessibility could be achieved by first using #ppropriate format: “vector graphic
format” and capturing the information behind it.

To summarise, if all one has to work with is a eastnage, the bottom-up
approaches (adding descriptive information to astig diagram) are appropriate. In
the “Do you see what | mean?” context, this iststgrwith what is seen, which is all

that is available.

3.3 Diagrams processing

As argued in Chapter 2, diagrams are excellentstdot conveying and
communicating information. They offer powerful adtages for our ability to access,
process and memorize information presented.

These main features are what make diagrams diffei@rother forms of
representation such as text (LARKIN and SIMON, 1987 sound (BROWN et al.,
2004). Because of their sequential nature, text souhd do not present the same
advantages when processed.

While diagrams can be used as external memory (8w TVERSKY,
2002) presenting complex diagrams textually or lu@esents some challenges on
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the working memory, especially if the diagram repreged is complex. As introduced
by Miller (MILLER, 1956) short term memory is lingitl at around 72 “chunks”
(elements). So as stated by Brown (BROWN et aD420f a diagram contains more
than 72 items of information, it is unlikely that user will be able to build a
complete mental representation of the diagram @wdesne chunking takes pléace

Having an idea about the powerful advantages diagratic representations
offer over other representations such as textuabuaitory and highlighting the
limitations the currently used approaches pregbatprinciple question arises of how
to make these visual representations perceivapkrable and understandable? What
is needed? What is missing?

A summary of how sighted people process and intewath diagrams is
researched in order to gain an understanding of Hoevinformation presented
diagrammatically is accessed by sighted people. Thallenges of non-visual

presentation of diagrams have then been researched.

3.3.1 Visual processing of diagrams

Shneiderman (SHNEIDERMAN, 1996) summarizes the dogsinciples of
visual design as the Visual Information seeking w&n“Overview first, zoom and
filter, then details on demand”. Through this manthe importance of an overview is
highlighted as it is the first task of an interaatwith a diagram.

A person performs different tasks when faced with deagrammatic
representation (SHNEIDERMAN, 1996, CARD et al., 9p9The seven tasks
identified by (SHNEIDERMAN, 1996) are:

» Overview: gaining an overview of the entire diagram wheadwssl.

e Zoom: Zoom in on specific elements of interest.

« Filter: Getting rid of unwanted elements by hiding thewnt the visual
representation for users to be able to control/ibeing of information and
focus on specific elements that interests them.

» Details-on-demand Getting detailed information from specific elertgen
of interest.

* Relate Viewing relationships among elements of the ciagr

» History: History of actions which consists of keeping kauf actions
performed by the user allows him to retrace th&#ps when needed by

actions such as undo, replay or progressive refmem
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» Extract: Allowing the search and extraction of specificformation
through queries which allows users to get answspézific questions.

Shneiderman emphasizes that a system should suppdtll task list, because
this allow information to be presented rapidly afmr rapid user-controlled
exploration. He also specifies that such supporld/require a novel and specialized
‘data structure’ among other things. Most of thdasks explore the powerful
advantages offered by a diagram and are easilpneetd by the human visual system
when exploring the diagram visually. But havingegxto all these tasks in a non-
visual environment (e.g. for visually impaired &ers a challenge with actual
diagrams (represented as vector image or vectphms). Thought needs to be given
to how to allow these tasks to be performed onrdiag, what is needed? Or rather
how to design diagrams in such a way that it issfixbs to enquire and reason about
the information they carry, making them more pesabie, operable and
understandable, thus allowing any user regardlédssoabilities to perform these

tasks to access and explore the information preddnt the diagram.

3.3.2 Issues of Non-visual presentation of diagrams

What aspect of the visual representation of thegrdia needs to be
communicated non-visually? What kind of informatio@eds to be conveyed? Many
research projects have addressed these questisNN@BT T, 2002, BROWN et al.,
2004).

The information presented will depend on the adBwe modality used to
communicate the diagram non-visually (e.g. tacaledio, audio/tactile, etc.). When
presenting the information of the diagram by totieh information concerning the
position of the objects composing the diagram isveged as for the nature of the
tactile modality, but is this essential informationthe accessing and processing the
information?

The benefit of presenting co-ordinate positions tlé objects composing
diagrams has been investigated by David BennetNBET T, 2002) and has proved
to provide no benefit in the non-visual presentatd diagrams in audio. This comes
back to the definition of diagram in Chapter 2: thagram is a simplified and
structured visual representation of concepts atatioaships between them used to

represent and clarify a topic. Diagrams are comgbosk shapes and text. The
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information concerning the concepts represented thair relationships is the
important information whereas its layout is not”.

So the information behind the visual representatainthe diagram *“the
information content” is the information to be coged non-visually.

Aiming at demonstrating his hypothesis that “theywawhich a blind person
can access diagrammatic information will affect dase of performing tasks”, David
Bennett developed two models of navigation presgrine content information of a
diagram. The first one presents the hierarchiqaicgire of the information and the
second one presents the connection-based strudtw@ugh a set of experiments he
validated his hypothesis which confirmed that trevigation model used has a
significant effect on the performance of the ustask.

The theory behind the result obtained by David B¢inhas been explored by
Andy Brown who (BROWN et al., 2004) looked at thensvisual presentation of
graph based diagrams taking into account the degrstience behind the use of such
representations. Keeping in mind the main advastafjagrammatic presentations
offer for sighted readers (Chapter 2), he iderdifgecollection of issues any system
presenting non-visual diagrams should take intoaet

* Recognition One main advantage of a diagram is its abilitynke some
implicit information, which would normally need be deducted from other
forms of presentation, explicit. A mechanism toyide access to implicit
information within the diagram presented non-viguahould be provided
if this representation is to be an alternative egjent to diagrams (in
specific domains it should be possible to pre-deitee a set of specific
aspects to be looked at (e.g. cycles in graphs)).

» Task dependence The recognition of implicit features in a diagram
depends on the type of diagram and the informahahis needed which is
related to the nature of the task intended. Whateaningful depends on
the nature of the information presented and therésts of the reader.

« Overviews when using the sense of sight the whole diagrambe seen
offering instant access to all of the informatioregented. The diagram
provides an external reference which can be usethasxternal memory
support. Some sort of support, substituting thes lo§ such external
memory support, should be provided for the expionatf a diagram
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presented non-visually. Andy Brown suggests thagndews can be
integrated into a hierarchical data structure &sqmted and explored by
David Bennett.

Search a facility to search for specific information Wih the diagram is
essential in providing a substitute to the lostigtof scanning the diagram
visually for specific information. Connection-basedwvigation, which
allows finding related objects, is needed.

Representational constraints consideration should be taken into deciding
on the resemblance between the diagrammatic pedgeNtpresented
visually and its non-visual presentation. What setm be presented? A
presentation that resembles the visual diagramher ibformation the
diagram represents? This would depend on the cotitexdiagram will be
used in and the modality it will be presented iy (¢actile, audio, etc.). If
it is to be used in a collaborative environment rghtbe diagram is used as
an essential means of communication between mendfees team to
discuss and share ideas then a common languagedea to discuss the

diagram in both presentations (visual and non-¥jsua

The previously presented factors give an overatupe of what would be

required for a system to present diagrams visuallyon-visually keeping in mind the

advantages diagram offer when presented visually.

It is noticed that most of the tasks identifiedStyneiderman as needed to allow

user-control exploration of the information presehty a system, also apply to

systems aiming at presenting diagrams non-visually.

Providing an overview as a hierarchical structufetn® information of the

diagram is important and provides a means to redumé&ing memory load. To

facilitate searching and recognition of the infotima careful attention needs to be

given in offering appropriate navigation modelsetarchical and connection-based).

The importance of giving the user control over itifermation he wants to navigate

and access is highlighted for both visual and nisnal presentation of diagrams.
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3.4 Accessible Diagrams Requirements

The previous analysis helped in highlighting a nemdif issues and limitations
current approaches present for the problem of ngaliagrams accessibility on the
web. Online resources such as email discussian(WgebAIM, BCAB, yahoo groups
(blindwebbers, blindtech), freelists accessiblega)aforum proceedings (T2RERC,
2003), reviews of forum discussions, etc. have ptswided valuable input.

Three main issues have been identified:

* loss of information at diagram rendering
« lack of accessibility support for both image andtee formats
* presentation modality issues

Hence a set of requirements that a new approachlcstsatisfy in order to
overcome these has been identified.

These requirements should be incorporated ints#gyaiming at representing
diagrams in a way that it is possible to enquiré sason about the information they
carry, thus making diagrams more perceivable, dyperand understandable and as a
result more accessible. Such an approach shouldeptdace existing “bottom-up”
approaches but rather complement and enhance them.

The requirements are organised around the three issues identified and are
summarised in Table 4.

3.4.1 Loss of information at diagram rendering

As mentioned by (RIBERA, 2008j}He final format should allow its content, its
presentation and its interactivity to be maniputhtendependently in order to
personalize each one according to the user’'s pegfees. The problem with most
current ways of creating diagrams is that infororatis lost, the only thing which
remains is a visual graphical presentation presetitugh an array of pixels. The
absence of information “behind” the diagram whisHast at the creation stage is the
main problem. It would be more useful if the infaton behind the diagram was
made available. This would ensure the informatimviged to the user is the same as
the information that the author of the diagramniied to provide. In other words, no

information is missing, distorted or inferred.
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The following requirements have therefore beentified:

Capture, encode and preserve the original infoonabehind the diagram
at the creation stage.

Present the diagram from this.

3.4.2 Lack of accessibility support for both image and vector

formats

The format used should be adapted to the natudeagfams which are defined

as structured sets of objects and relationshipsdmat these objects.

The following requirement has been identified:

Use an appropriate format to store the informatibtine diagram.

3.4.3 Presentation: modality issues

The requirements identified for the presentatiordatity issues are proposed in

order to address the issues identified by Andy Bramvsection 3.3.2 (Recognition,

Overviews, Search, Task dependence and Represe@iatonstraints).

The following requirements have been identified:

Provide a mechanism to provide access to implnf@rmation present in
the diagram information (Recognition), by makingxplicit.

Provide mechanisms of exploration/ navigation efitiformation.

Provide an overview of the information (Overviews).

Provide a mechanism to process and search themafmm presented
(Search).

Provide the user with the power to decide whiclorimiation he wants to
obtain depending on the nature of the task he wantachieve (Task

dependence).
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Issues Requirements

Information

Loss of information at
diagram rendering e Capture, encode and preserve the original information behind
the diagram at the creation stage.

e Present the diagram from this

Lack of accessibility Graphical format

support for both image
and vector formats

e Use an appropriate format to store the information of the
diagram.

Presentation modality

® Provide a mechanism to provide access to implicit information
present in the diagram information (Recognition), by making it
explicit

Presentation modality | ® Provide mechanisms of exploration/ navigation of the
issues information
¢ Provide an overview of the information (Overviews).

® Provide a mechanism to process and search the information
presented (Search)

® Provide the user with the power to decide which information he
wants to obtain depending on the nature of the task he wants to
achieve (Task dependence)

Table 4: Accessible Diagrams Requirements

Once the requirements were identified, it was matithat they are the same as
those for non blind people accessing and processiiogmation within a diagram
(section 3.3.1). In (section D.2), a table has b@eated to provide an overview of all
the existing approaches reviewed.

3.5 Discussion and Conclusion

This chapter has explored and exposed a numbessoke$ and limitations
current approaches present in to the problem gfrdra accessibility on the web. The
absence of the information “behind” the diagram chhis lost at the creation stage
has been identified as the main problem. This keathe identification of a set of
requirements a new approach should satisfy in dadevercome this.

The following table (Table 5) presents an overviefvthe main existing

approaches against the defined requirements.
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Requirements

TeDUB

SIGHT

iGraph Lite

OntoDiagram

SemViZ

Information

e Capture, encode and
preserve the original
information behind the
diagram at the creation
stage.

v

v

® Present the diagram from
this

v

v

Graphical
format

e Use an appropriate
format to store the
information of the diagram.

Vector
image

Vector
image

Vector
image

Vector
image

Vector
image

Presentation

® Provide a mechanism to
provide access to implicit
information present in the
diagram information
(Recognition), by making it
explicit

® Provide mechanisms of
exploration/ navigation of the
information

AN

AN

AN

* Provide an overview of
the information (Overviews).

AN

AN

AN

® Provide a mechanism to
process and search the
information presented
(Search)

® Provide the user with the
power to decide which
information he wants to
obtain depending on the
nature of the task he wants
to achieve (Task
dependence)

v

v

Table 5: Overview of existing approaches against éhdefined requirements

The TeDUB, SIGHT and iGraph Lite approaches havenbereated with

accessibility in mind whereas OntoDiagram (Chagerand SemViz (Chapter 2

section 2.6.6) have been created in an attempttmetically generate expressive

and effective diagrams from high-level represeatatiof a given set of “raw data”.

Both categories of approaches present differen¢fiterand limits in the fulfilment of

the requirements.

TeDUB, SIGHT and iGraph Lite have produced somedg@sults in terms of

presentation of accessible diagrams non-visually siil have some limitations

mainly due to the absence of information “behindé tmage which is lost at the

creation stage and the pitfalls inherent in tryimgecover this information. In the “Do
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you see what | mean context (section 3.2.4A)", ikistarting with what is seen,
which is all that is available.

OntoDiagram and SemViz present other possibildagshe original information
from which the diagram was generated is availabhey are starting with “What |
mean” and generating “what you see” providing lirfk@am the presentation to the
underlying information. They have explored the udeontologies in creating
diagrams. But this only applies in a single medidndeed, none has taken into
account or explored alternative modalities for premg the information generated in
a variety of presentation media. Furthermore, thesibilities offered by the use of
data models and ontologies for enquiring and reagoover diagrams have not been
explored by any of these methods.

This research proposes a solution derived fromb#reefits and limitations of
these approaches. It is hypothesized that defiaisgart diagram system that stores
the original information, and provides details bk ttransformation performed to
generate the filtered view of the information, albws alternative transformations
on the information to provide different presentasias a solution to the problem of
diagram (accessibility) perceivability, operabilégd understandability on the web.

Various accessible presentation forms could bergésa but it is not the aim of
the proposed approach to create a new type of sibbe=sepresentation but more to
draw inspiration from existing “bottom-up” approashpreviously presented which
are specialized at that level.

Furthermore, if authors decided to use such a msystiee resulting diagram
would be information rather than just a graphiaasgntation of that information and
as a result would offer enhanced accessibility bsneithout further work from the
author. On another hand, if authors choose nosethe system, and it is assumed
many would not for a variety of reasons (e.g. prbtlata, do not want to invest effort,
etc.), then it is up to them to satisfy the acdeli issues by some other methods
(e.g. existing approaches).

The requirements should be incorporated into aesystiming at representing
diagrams in a way that it is possible to enquire wason about the information they

carry, thus making diagrams more perceivable, dpe@nd understandable.
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Chapter 4
The GraSSML Approach

This research proposes a solution to the issuestifiée that fulfils the
requirements listed (Chapter 3 section 3.4). Theothesis underlying the proposed
approach is that “if information on the structureldhe semantics of formal diagrams
were preserved, made part of the diagram by wilamghors at the creation stage,
these diagrams would be more perceivable, opemaideunderstandable and, as a
result, suggest enhanced accessibility benefitsdoh diagrams”. Graphical content
is no longer thought of as ink on the paper or Isixa the screen but more as an
abstract entity that has an intrinsic structure semantics.

This chapter presents this novel approach calleapl@cal Structure Semantic
Markup Languages (GraSSML), a three-level concémuzhitecture that captures
and provides access to this “information behinddiagram”.

GraSSML considers the possibilities the semantid wision offers to the
ability to enquire and reason over diagrams andoésefit to problems such as
accessibility of diagrams.

The chapter starts by specifying the terminologgdus the remainder of this
thesis. The proposed approach is then introducedgia description of the main
ideas. Then the three levels: the semantic levs, s$tructure level and the
presentation level and the transformations betwiese levels are described in more
detail. Use cases presented in the next chapistrgite the idea.

4.1 Terminology

The terminology is based in part on the glossarytltd# Web Content

Accessibility Guideline 2.0 (W3C, 2008c).

« Content: the information and sensory experience to be conwated to the
user by means of a user agent, including code okupathat defines the
content's structure, presentation, and interactidhg qualified nounsveb
contentandgraphical contenaire used in an analogous sense.
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«  Presentation:the “rendering of the content in a form to be pesme by users”
(e.g., as print, as a two-dimensional graphicab@méation, as a text-only
presentation, as synthesized speech, as Braiilg, et

% Representation used in the sense in which it is used in REST
(REpresentational State Transfer), a phrase cdiyefielding (FIELDING,
2000) to describe the architecture of the World leb (W3C, 2004a).
Web resources are referenced using URIs anekpsesentationof the
resource is returned. In the context of this redeaepresentations are

expressed in an XML-based data format (markup laggu

4.2 Approach
The GraSSML approach is to start with the meanklgra a diagram (instead

of its graphical presentation) and then generate ohits possible presentations
without losing access to the initial meaning. Thare thus a minimum of two levels
in this approach (Figure 10). The “top” level reggpts the meaning of the
information communicated by the diagram: its semantThe “bottom” level
represents the possible presentations of this dgaan

The existence of sets of (predefined) rules whitdwathe “bottom level” to be
generated from the “top level” is posited. Two eitint sets of rules are identified:

* Domain specific structural rules (notational cori@ms): define the
diagram components (primitives and attributes) meguby the domain and
the class of diagrams it belongs to.

« Preferential presentation rules: these rules egppesferences concerning
the representation of the diagram in terms of a#sth preferences or
practical preferences which depend on a userssmetes and/or device
requirements. These rules are considered impoftanmplementation of
“adaptability” features.

The identification and differentiation of these twets of rules justify the
existence of an intermediate structure level aimahgroviding a logical description
of the diagram. Once the “bottom level” has beenegated using these rules, it
becomes possible (if the rules are carefully defin® travel from one level to

another in a reversible manner.
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Domain specific
structural rules

Structure Logical structure
level of the diagram
Preferential

presentation rules

Presentation Presentation
level of the diagram

Figure 10: GraSSML approach

The GraSSML approach is not applicable to all kinflsiagrams but is aimed
(see Chapter 2 section 2.4.5) at formal diagramgtwhave a well-defined data
model behind their structure. This data model a&stihe information on which the
diagram is based. These are well structured anfbarto well-defined conventions.
Two classes of formal diagrams have already beemtifted: “process diagrams” and
“hierarchical diagrams”. Both classes consideredrapresentative of a wider range
of diagrams and have been used to demonstratedéility and applicability of the
proposed approach (Chapter 5). In addition to argagional charts (hierarchical
diagram), UML activity diagrams (process diagra@yaSSML has also been applied
to “Charts” (Chapter 6), more specifically chansthe financial domain (e.g. Bar
charts, Pie charts).

An overview of the GraSSML system is presentediguife 11.
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Figure 11: GraSSML system overview

4.3 Conceptual architecture

The conceptual model is presented in (Figure 13chEGraSSML level
captures a specific aspect of a diagram. The remggrocesses that generate
presentations from representations (e.g. an XHTMEruagent) are not shown as

these are external to GraSSML.
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Figure 12: GraSSML Conceptual Architecture

This layered conceptual model reduces a task egaence of transformations
between inputs and outputs expressed in differentlé Languages” (BENTLEY,
1986). The basic model does not depend on speedimologies but technologies are
needed to refine the abstract model into the GraS&idhitecture. An important step
is to express the structure and semantics of tgraiins formally.

The three levels of GraSSML (semantic, structure presentation level) and

the transformations between these levels are destin the following sections.

4.4 Semantic level

Referring to the example illustrated in Chaptese@cfion 3.2.4A), at this level
the question how to capture “What | mean?” arises.
The description of a diagram at the semantic leebptured by a data model

which makes use of domain specific ontologies.

4.4.1 Ontology

For each application domain, information concernihg concepts used, the
relationships between them, and the meaning bedacH is required. The ontology is
created by the domain expert. A domain expert néedgudy the domain and the
class of diagrams to identify what concepts, progerand constraints are needed to
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represent the diagrams. The domain expert is irb#s¢ position to determine what
fundamental information is needed in order to havéull understanding of the
information to be conveyed. As was pointed by Herraad Dardailler (HERMAN
and DARDAILLER, 2002), the specification of theligrocabulary is fundamental.

The process of constructing an ontology is well laxed in (NOY and
McGUINNESS, 2000). It is important to keep in mithat there is more than one way
to represent a domain. The best representatiomdspn the application anticipated.
The formulation of the ontology is an iterative gges as the ontology is modified
until the required result is obtained. The predadirset of queries defined at the
initiation phase are useful in determining if thetalogy is complete enough to
resolve them.

The ontology could either be created, automatiagdiyerated from some source
or be a pre-existing ontology. The possible usepi&-existing ontologies is an
important aspect of the GraSSML approach as thegtioreof the ontology describing
the background domain could be seen as complexcastly in term of time and
effort. Furthermore, there already exist a largenber of ontologies that have been
created for various purposes. The ability to viegglenquire and reason over heavy
data conforming to these existing ontologies is oinie main benefits of GraSSML.
This point is further discussed in Chapter 8 (sec8.3).

Along with the specification of a particular ontglg the domain expert defines
the notational conventions that would govern thapgical representation of the
information captured in the data model. The infdrora might, for example, be
represented in a diagram (graphical or tactile)a®mwritten or spoken text. These
transformations are captured in sets of rules (@aga Model to ZineML) governing
the generation of ZineML at the structure levelnirahe data model. These

transformation rules are described in detail inieact.7.1.

4.4.2 Data Model

A Data model, an instance of a diagram which canfoto an ontology, lies at
the heart of the GraSSML approach. GraSSML is agnts the source of the data
model. GraSSML can be presented with any data nmtbdélconforms to an existing
ontology. The specification of the ontology is imgamt for the approach to
successfully process the data model provided. thdees important to remember that
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one possible data model representation with mamas#cs is possible as it depends
on the ontology attached.

The ontology has a key role in the approach asnigaaccess to the data model
and the ontology to which it conforms, allows incfiliinformation to be made
explicit. This offers the ability to enquire andasen about the information on which
the diagram is based.

The data model could be hand authored, created asiool, or generated by an
application (Chapter 6 section 6.3.3B).

4.5 Structure level: ZineML

An intermediate structure layer has been introdundtie transformation from
the semantic level to the presentation level. Gnddcargue that it is possible to map
directly from the semantic representation to thegdim presentation making the
structure layer redundant. This mapping is posdoleadaptability would be lost in
the process. Indeed, as explained earlier sect@rfFigure 11), this layer has been
added for specific reasons.

This level is intended to distinguish between thatational conventions
followed by a presentation and the marks on theescrThis is necessary to obtain a
presentation of the diagram that takes into accaset or device requirements while
respecting the notational conventions imposed atdtmantic level. There is an
interesting parallel between the role of the intediate level in this model and the
role of intermediate layers in graphics standamgpromote device independence
(ARNOLD and DUCE, 1990).

At this level a generic language that capturesthecture of a diagram has been
defined, called ZineML. Figure 12 shows the positaf ZineML in the GraSSML
system.

ZineML is at a higher level than SVG in represegtiime structure of the
diagram and facilitates the creation and modiferatf diagrams. ZineML documents
aim to be readable by humans and to give good @xesvof diagram structures. The
language seeks to be rich enough to allow accessiltérnatives of the structural
representation of a diagram to be created. Zinekblvides the diagram components
required by the diagram domain being presented.sBbef primitive shapes differs
from one diagram class to another and the consséraim positioning and connectivity

differ. For example, when representing a UML atyivdiagram, the horizontal and
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vertical layout of the diagrams is quite flexibleitbthe shapes, of the concepts
represented, (e.g. actions, decisions, initialvagtietc.) are precisely defined as are
the types of connectors to be used. For organisatiarts, the positioning in at least
one direction is defined by the diagram class. Tihtermediate level binds the

notational conventions in a coordinate free envirent.

In the conversion from ZineML to its graphical repentation there may be
flexibility allowed in primitive placement, whereoonectors are attached to boxes,
what rendering styles to use that are mainly fetleetics or adaptability of a specific
diagram. The constraint based layout engine (Fidi#e uses this flexibility in
achieving the conversion to the appropriate graghapresentation.

The transformation from ZineML to a presentatiortedmines and adjusts
positions and sizes using predefined presentatigorithms. The derivation of
graphical or other presentations from ZineML is el@m accordance with predefined
rule sets (ZineML to Representation). These rule sembine two levels of rules:

1. Notational conventions defined at the semantic llarel passed on to
ZineML (Data Model to ZineML), for example the geeimc shape used
to denote a particular semantic category.

2. Preferential presentation rules: these rules eggesferences concerning
the representation of the diagram in term of adéisthereferences or
practical preferences which depends on users’ igedes and/or device
requirements. Theses rules are considered impddairhplementation of
“adaptability” features.

In consequence, ZineML needs to be more flexiblntmost intermediate
languages. It needs to separate the primitivesattndbutes required by the diagram
notational conventions from those required by #y®lit engine. This allows inquiries
about the diagram to respond with information raftévto the diagram domain and
not its aesthetic layout.

ZineML has a wider range of options than simildermediate languages with
the ability to divide the functionality into thagquired by the diagram domain and
that required by the layout engine.

As some domain specific languages already exisheML offers the
possibilities to combine GraSSML with Standard tiotes or exchange formats for
different domains, like for example XMl (OMG, 2007r UML. Indeed, it is

possible to generate ZineML from another domairciigelanguage as well as the
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other way round. The UML Activity Diagram use ca@ehapter 5 section 5.3)
demonstrates how a standard like XMI could be iratesgl within GraSSML.

As noted earlier, ZineML caters for diagrams sushpeocess diagrams and
hierarchical diagrams. ZineML defines a set of basiapes (Figure 13) that cover a
wide range of possibilities for such diagrams commothe domains considered. A
predefined library of diagrams was used as a stppbint (Figure 1 and Figure 2)
and a set of basic shapes used in each diagrarextrasted. It is important to keep in
mind that it is impossible, a priori, to find albgsible shapes since the diagrammatical
notation has no limit. Indeed, users often imagamel create their own specific
shapes. So ZineML needs to be extendable, and d@hewaddition of new shapes
defined by users. To define a new shape, the ustrrfeeds to attribute a name
identifying the new shape. This shape would beelhin the notational convention to
its appropriate concepts it is intended to repreddme graphical representation of the
new shape needs to be defined at the presentatia@t Where the renderer will
generate it using its user defined presentatiorea@spnd integrate it within the
diagram graphical representation.

(A OO

Figure 13: Examples of basic shapes defined by Ziki

ZineML is not domain dependent. It proposes optithrag express and apply
rule sets when creating the diagrams. These rtdecae be used to tailor the diagram
specifically to a domain. ZineML can determine aujust positions and sizes semi-
automatically, with a minimum of effort from thethar for creation and modification
of a diagram.

The graphical presentation of ZineML depends onuer predefined Structure
to Presentation rule sets. The following optiongehbeen taken into account in the
design of ZineML.

» The author wants to create a diagram without givang explicit size and
positional information. In this case a default aitjon defines default size
and positions for each element of the diagram. é&@mple, each shape

may adjust itself to its content, which can be x ®ring or any other
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shape. If the default diagram obtained does natiseiiuser, he still has the
possibility of changing the rules applied by selegtanother presentation
algorithm or by using one of the following optiotiat requires the user to
give more explicit information on how he would likiee structure to be
presented (e.g. drawing direction).

» The author specifies positions and sizes of themehts. For example, the
attributes “bottom”, “top”, “left”, “right” for thealignment, or “h” and “w”
for the height and width of a shape, the attrilwlitection (down | up | right
| left) to specify the drawing direction.

e The author creates the diagram with a specifiosglobal constraints. The
specification of these constraints allows an autbatefine the syntax that
all valid diagrams of this domain have to confoomThese constraints are
defined in the set of rules used to represent thgram: size of graphical
element, relative positions, valid relations, etc.

Whatever the option used, if any modification is d@athe presentation
algorithm maintains the structure of the diagranrdgpplying itself to the modified

ZineML file, respecting the rule sets defined.

4.6 Presentation level

At the presentation level, diagrams are represemtgdmodality specific
languages.

Both the structure and semantic of the diagramnaade available and both
types of information can be conveyed.

To make the most of this valuable information el within the diagram,
careful attention needs to be taken in the desighimplementation of presentation
and navigation tools, taking into account both uaed device requirements. To
present and explore this information in the bessspgie way and to provide
presentations (visual or non-visual) as perceivabperable and understandable as
possible, specific studies are referred to.

Results from Chapter 3 are referred to in ordetettermine how to best explore
the availability of the “information behind the dram”, how best to present this
information visually (SHNEIDERMAN, 1996) and nonsually (BROWN et al.,
2004).
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As mentioned in Chapter 3, a person can perforriereiit tasks when faced
with a diagrammatic representation. Shneiderman NGSEBERMAN, 1996)
identified a list of tasks (overview, zoom, filtetetails-on-demand, relate, history,
extract) a system should support for the inforrmatbd a diagram to be successfully
presented and explored by a user. These issuesroamg the non-visual presentation
of diagram have been identified by Brown (BROWNakt 2004) and needs to be
kept in mind (recognition, task dependence, overyisearch, representational
constraints).

Thought needs to be given to how to allow thes&stdas be performed on
perceivable, understandable and operable diagramsi@ specifically how to design
perceivable, understandable and operable diagraseptations to allow any users or
machines to perform these tasks and enquire asdmexdbout the information.

In this area the GraSSML approach builds on knogdedcquired in the
“bottom-up” projects described in Chapter 3. Thesejects have developed and
successfully demonstrated the effectiveness ofaicertechniques in presenting
graphical information to visually impaired users dfayccessfully addressing some of
the issues identified by Brown in the presentatibdiagrams non-visually.

It is important to specify that the aim of thiseasch project is not to develop
new techniques in presenting graphical informaétiactively but to extrapolate from
the existing techniques which have been provedaidkw

The difference in the GraSSML approach is thategheshniques are explored
using the original information preserved from theeation stage rather than
information inferred by some means.

The availability of the information “behind the dram” allows alternative
presentations to be generated such as static eraative presentations. Static
presentations include graphical and textual presents. One of the original benefits
of the GraSSML approach is that it allows the cozadf query systems (graphical or
textual interactive presentations) which allow iatg#ive exploration of the
information. Having access to the data model asdomtology allows implicit
information to be made explicit thus one of the madvantages of diagrammatic

representation “recognition” becomes possible.
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4.6.1 Graphical representation

A graphical representation of the diagram is gdedrsaking into account the
information provided by the data model, the notmio conventions rules
(transformation from Data Model to ZineML) and tieer and/or device requirements
(transformation from ZineML to Representation).

SVG is used as the graphical output renderer. Guadity SVG is ensured by
the existence of the structure level populatedhieyZineML language.

ZineML captures the structure behind the diagrand d@he notational
conventions governing its graphical representafidrat information is organised and
represented in SVG using the accessibility featur@dCCATHIENEVILE and
KOIVUNEN, 2000) SVG offers (appropriate use of gomg, title, desc, id, class,
etc.).

For complex diagrams, interactive exploration isgble using SVG'’s facilities
(e.g. Chapter 5 scripting is used) and the avalahformation concerning the

structure and semantics of the diagram (e.g. hidimyexposing details).

4.6.2 Textual representation

Verbalisation Model templates that generate a tdxtapresentation of the
structure and the semantics of the diagram have ingglemented. The verbalisation
model consists of a template, defined by the donepert, gathering essential
information at the appropriate level of abstractiorganizing and presenting it in a
way that is easy to understand textually. The mftion needed for such a
verbalisation model is collected from the data ma@dehe semantic level and from
the ZineML representation of the diagram at thecstire level.

Pre-selected ornamental keywords such as conneatoods (e.g. “labelled”,
“named”) are used to make the resulting textuateson more human readable,
natural and easy to understand.

Construction of the templates is a manual procéke. necessary information
from the data model is extracted and the templkatthén applied to the retrieved
information in order to generate the verbalizedesentation.

Techniques which have been successfully evaluatddecepted as efficient by
research teams have been used to design suchisatioal models. The aim was to

demonstrate that such representations could beaedaising GraSSML.
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This follows guidelines described in (NCAM, 2008,0ORNELIS and
KRIKHAAR, 2001, WEB, 2002, NBA, 2000, OU, 2009, NGA 2006).

Verbalisation models can also be used by the audbkoa tool to check the
efficiency of the graphical presentation of hisgidam. Indeed, the author can check
that the textual representation obtained by apglyime appropriate verbalisation
model templates cover all the aspects he wantsigbe to perceive when accessing

his diagram.

4.6.3 Query systems

With the structure and semantics of the diagramlaa, it is possible to
express queries concerning specific parts of ardmgn novel ways: this provides a
nascent “smart diagrams” capability. Because of rheersibility properties of the
GraSSML architecture, information at any layer carprinciple be queried from a
representation at another layer.

Having access to the data model and its ontologys ipossible to derive
additional information that the data model holds$ does not express explicitly. The
ontology holds some inference rules which are used reasoner to make inferences
on the data model. This mechanism allows “recogmitiby making implicit
information explicit (BROWN et al., 2004).

The query system is a means for users to accesgmthrmation in a way they
require it. As it is not possible to predict alkthlifferent queries, it is essential to
provide an endpoint which allows the user to qu#tty information behind the
diagram by formulating their own queries. The autten provide some queries, but
can easily add more in response to demand and¢oudér can add their own. This
point is discussed in the final chapter on futuoekn(Chapter 8).

Although, it would be possible to implement suchsgstem allowing users to
formulate their own queries, due to time constgiittwas decided to implement a
defined standard set of queries which are beli¢gegket used a lot in the respective
domains of the selected formal diagrams. The idet® idemonstrate the feasibility
and applicability of the approach.

Definition of the queries that would be used by tineual query system and/or
the graphical query system should be defined vi¢hatid of the domain expert who is
in the best position to identify what queries usars likely to expect and which

gueries would allow the user to explore the diagedfitiently. It is the role of the
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domain expert to determine meaningful and useferiga that would allow the user

of the system to acquire comprehensive informagioout the diagram.

A. Graphical smart diagrams
The graphical query system allows the user to actewith the diagram by
selecting some part of it and choosing the quergpgly from a menu. The result is

shown graphically by highlighting, hiding or changifont size or colour.

B. Textual query system
A textual query system allows the user to query gnaphical information

through a graphical interface. The results are shiaxtually.

4.6.4 Other representations

Other alternatives representations are possiblthiatlevel, such as Braille,
sound and non speech, Audio/Tactile. Other reseeschBULATOV and
GARDNER, 2004, HUYNH et al.,, 2005, KURZE et al., 99 MIKOVEC and
SLAVIK, 1999, ROTARD and ERTL, 2004) have studietii@h options are most
appropriate in particular situations, supportedelydence from evaluations. These
projects have developed and successfully demoedtritlie effectiveness of certain
techniques in presenting graphical information mmually. One challenge for
GraSSML is to generate such representations bysfoanation from one of its
information representation level (structure “ZineMar semantics (Data Model)).
One approach would be to have “access” to the fousad in these methods and

from there generate their proposed representatising the GraSSML approach.

4.7 Transformations

An important motivation behind the GraSSML layerednceptual model
(Figure 12) is to reduce a task to a sequenceaoktormations between inputs and
outputs expressed in different “Little LanguageBENTLEY, 1986). The worthiness,
flexibility and efficacy of doing multiple transforations have been explored at
various levels of the GraSSML conceptual architextu

Many transformations could be considered betweendifferent levels. The
whole system is intended to be reversible, meathagit is possible from one level to
reach information available at another higher owdo level. The two main

transformations are presented in the followingisest
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4.7.1 Data model to ZineML

This transformation concerns the definition of tiegational conventions (Data
Model to ZineML) which are analogies between thecapts defined in the ontology
and the notations used to represent them when ihgradh is to be represented
graphically. These sets of rules govern the geioeratf ZineML from the data model
expressed at the semantic level. Information froemdata model is extracted and the
notational conventions which are defined by the dionexpert are applied to the
extracted information to generate ZineML.

4.7.2 ZineML to Representation

The information gathered during the authoring pssces presented to the user
who wants to consult the diagram in order to extewd explore the information
contained therein. To present the information inagpropriate format, user and/or
device requirements should be taken into accouhesé& requirements allow the
adaptation of the information into the appropriatesentation medium (e.g. graphical
presentation, textual presentation, etc) and cporeding representation. If the user is
visually impaired, a textual presentation mighinh@e appropriate. The textual query
system could also be used to browse the informaimhget a better understanding of
the graphical information or of a large textual qmetation. Many possibilities are
considered; depending on the user/device requirsmene or more of these
presentations could be generated and presentbd tesér.

The Composite Capabilities/Preferences Profile éaork (CC/PP) (W3C,
2004b) could be used at this level. It allows dedapabilities and user preferences to
be expressed using RDF and can be used to guided#pgation of content presented
to that device. CC/PP could improve the way diffi¢lienplementation versions of the
same information are distributed to an end user.

For the graphical presentation, a transformatioapiglied to the ZineML. This
generates the graphical representation of the ahagtaking into account the
notational conventions defined within ZineML passsdthe semantic level and the
user and/or device requirements.

When a textual presentation is required, the apatep verbalisation model
template is applied to generate it. The appropteteplate is applied to the structure
level if the textual description of the structuretloe diagram is required and to the

semantic level if the textual description of thens@tics of the diagram is required.
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4.8 GraSSML in practice

The methodology to apply and author GraSSML invelgeven stages and a
number of actors. Figure 14 illustrates the comci®taSSML system architecture
developed. The seven numbered areas of the figlustrate the seven stages
involved in the application of the GraSSML appraathese are described in section
(section 4.8.2). The following sections summaribés tby outlining the actors
involved in the process and the process itselfe@lifferent actors may be identified:

* A domain expert, to share his knowledge of the domain to define th
ontology of the domain, the rules for notationalnwentions, the
presentation rules to reflect user or/and devicpirements, the queries
definition, and the verbalisation model templag®wing the textual
description of the structure and the semantichk®ftliagram.

e The author, the person or system who creates a diagram. Th®orma
creates the diagram by defining the data modehefibformation to be
portrayed. The data model is linked to the ontoldiggt formulates the
conceptual schema for this kind of diagram in tomdin selected.

* The user, the person who wants to access, explore, querigravse the

diagram content.
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4.8.1 Initiation

Initiation is the process that collects (generatég) information required to
handle a new type of diagram. There are four aspeath carried out by the domain
expert:

1. Formulation of the ontology

2. Notational conventions

3. Verbalisation model Templates
4. Basic Query definitions

The approach relies heavily on the presence ofmaadoexpert to generate the
original content in an appropriate form. Such domliemowledge is essential in the
initial annotation representation of the diagrarhisTprocess provides a way to share
that knowledge across a wide user base.

As discussed in section 4.4.1, the creation of @ah#&logy describing the
background domain could be seen as complex antl égoserm of time and effort.
But the ontology could either be created, autoralliyigyenerated from some source
or be a pre-existing ontology. It is worth notitgit the cost of creating the ontology
is not insurmountable as illustrated in Chapter Berg an ontology has been
generated from an XBRL taxonomy and then extendeddet the requirements of a
new domain (financial reporting). This ontology waeated by a third party who had
never previously created an ontology.

With this type of knowledge in place, the GraSSMip@ach is sound.

The domain expert needs to indicate how much infbion needs to be
provided by the author to produce a reliable datdehand thus diagram.

The domain expert is also the person in the besitipo to choose the basic
gueries needed for the type of diagram. It is bis to know what is a relevant or not
as a query. Hence basic queries are defined andnppiiace. Such tasks involve
manual intervention from the domain expert. Butoitild be possible to generate these
gueries automatically. This point is further dissedsin Chapter 8.

The time needed at the initiation stage may be aserquiring too much effort.
But it could be argued that this time is a smaitg@rfor the domain expert to pay in
order to allow potential authors to create diagranat would be more perceivable,

operable and understandable.
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It is not expected that the author engage in thekwb creating ontologies and
graphical rules, though the framework would andusthanot preclude them from
doing so. Of course a question remains: will thendim expert do a good job? This
would lead us to questions outside the scope ofhthss.

4.8.2 Applying GraSSML

The seven numbered area of the Figure 14 illusthetseven stages involved in
the application of the GraSSML approach. Thesalaseribed as follow:

» Stage 1- Ontology:Using information gathered at the initiation stage
ontology describing the background domain is eitreated or generated
from some source. A pre-existing ontology couledie used.

» Stage 2- Data modelThe diagram is defined via a data model conforming
to the ontology. The conformance to the ontologyiniportant for the
approach to successfully process the data modeida.

» Stage 3- Notational conventionsA set of notational conventions, which
are analogies between the concepts defined in tiielogy and the
notations used to represent them when the diagsato be represented
graphically, are defined. These notational conwersti govern the
generation of ZineML from the data model.

The following stages emphasize the advantages w@indpaaccess to the
information “behind the diagram” as it allows altative presentations to be
generated and enquiry and reasoning to be achieved:

» Stage 4- Graphical representation:A graphical representation of the
diagram is generated taking into account the in&tiom provided by the
data model, the notational conventions and some asd/or device
requirements.

« Stage 5- Verbalisation model (Semantics) and Stadge Verbalisation
model (Structure): Verbalisation Model templates are created to gerer
a textual representation of the structure and/@ $kemantics of the
diagram. The verbalisation model consists of a tategathering essential
information at the appropriate level of abstractiosrganizing and
presenting it in a way that is easy to understartuglly.

e Stage 7- Query systemsOne of the original benefits of the GraSSML

approach is that it allows the creation of querstems (graphical or textual
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query systems) making it possible for users (andhinas) to enquire and
reason over the information. The ontology has apontant role in the
approach as having access to the data model andnitdogy allows
implicit information to be made explicit. This seagemonstrates the ability
to enquire and reason about the information on kwthie diagram is based.

All of the stages are described in more detailibsgquent sections.

4.8.3 The authoring process

The GraSSML approach involves significant changethe authoring process
and the awareness of graphical information forabtor and the user. Its different
stages may be seen as expensive in time and effort.

The GraSSML authoring process starts by creatirgg data model of the
diagram. The author needs to select the ontologytHe domain of interest. This
phase is semi-automatic. The author also needgeitifg the type of the diagram at
the structure level and to select the notational/eations from amongst those already
defined by the domain expert.

The ultimate aim is to define an authoring procées is easy to learn and
understand. The author should feel that he is mroband that he is able to create the
intended diagram the way he wants it to be.

The author should also understand the aims of yete®: contributing to the
representation of diagrams in a way that could owerthe ability to enquire and
reason about the information on which the diagraivaised. Graphical presentation of
the diagram is not the sole intent of the GraSSWHtesn, but only one of the possible
media in which to present the information.

The focus of the prototype is to show the powertled transformational
approach, and for this reason a more general agproas been taken to authoring,
not least because the authoring process mightf itegblve transformation or
extraction from some other sources.

As mentioned in section 4.4.2, the data model caginate from different
sources, opening doors to new opportunities for ¢heation of diagrams from
different sources and by different people with @as abilities. A number of existing
tools which people know about and feel comfortatité could be considered for the
authoring process. Options involving WYSIWYG todisat people feel comfortable

with, and textual creation of RDF graph opens newizons for the authoring of
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diagrams aiming at preserving the information belhem and allowing enquiry and
reasoning over that information. This idea is iltated in an example later in the
thesis (Chapter 5 section 5.3.2H).

4.9 Conclusion

This chapter has presented the main ideas behen@thSSML approach aimed
at fulfilling the defined requirements in Chapter(s&ction 3.4) and supporting the
hypothesis. The underlying three-level conceptuahitecture of GraSSML have
been described offering details of its levels (saoa, structure and presentation
levels) and the transformations between thesedevel

Table 6 shows how GraSSML addresses the requiremeamd provides a
comparison view of GraSSML with existing approachegewed in (Chapter 2 and
Chapter 3). The seven stages previously describedeferred to, to specify which
feature of the architecture relate to addressinghvwequirement.

The overheads on diagram authoring required byatiogtion of the proposed
approach have been discussed (see section 4i8xtibngly believed that the benefit
of providing access to the information behind thagcam will outweigh the effort
involved in using the GraSSML approach in its cotrstate of development. Many
developments could be carried out in order to nthkeprocess of using GraSSML a
pleasant experience, making authors confidentsividbility. This will be discussed
in Chapter 8.
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Requirements TeDUB | SIGHT 'Gl_ri?gh OntoDiagram | SemViZ | GraSSML
e Capture, encode and
preserve the original \/
information behind the \/ \/
c | diagram at the creation 1,2
2 stage.
£
5 v
= | o Present the diagram
from it \/ \/ 3,4,5,
6,7
© | ® Usean appropriate
2 g format to store the Vector | Vector | Vector Vector Vector Vector
8 3 information of the diagram. | 306 | image | image image image | Graphics
O
® Provide a mechanism
to provide access to ‘/
implicit information present
in the diagram information 12 7
(Recognition), by making it 1 <
explicit
¢ Provide mechanisms of ‘/
exploration/ navigation of
the information ‘/ \/ ‘/ 5 6 7
S | ® Provide an overview of ‘/
% | the information
< | (Overviews). ‘/ \/ \/ ‘/
® 5,6
g
Q. | e Provide a mechanism ‘/
to process and search the \/ ‘/
information presented
(Search) 4,5,6,7
¢ Provide the user with
the power to decide which
information he wants to \/
obtain depending on the \/ \/
nature of the task he wants 4,5 6,7
to achieve (Task
dependence)

Table 6: Overview of existing approaches and GraSSMagainst the defined requirements

Three different evaluations are considered, aintimgassess the GraSSML
approach from three different perspectives and egattvidences to support the
hypothesis:

* Technical perspective: Aims at demonstrating the feasibility and
the GraSSML approach.

full

applicability of The develepm and

implementation of a functional proof-of-condepprototype
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demonstrates GraSSML for two different types ofgdians selected from
two different application domains presented asass®es: the hierarchical
class of diagram, more specifically Organisatiomarth and the process
class of diagram, more specifically UML activityadrams

e Author's perspective: Aims at demonstrating the viability and
applicability of the proposed approach. A third tpanas extended the
GraSSML system (GraSSML FCP) for a different clasliagrams. He
has developed the implementation of a differené<laf diagram “Charts”
(financial charts).

« User’s perspective:A user evaluation with three sighted users and two
blind users has been carried out with the aim ofiding an insight on
whether GraSSML supports the perceivability, opiditgb and
understandability principles of the WCAG 2.0 (sdefiter 3 section 3.1.2)
for diagrams and as a result to demonstrate thethgpis.

These evaluations are presented in more detditeifollowing chapters.
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Chapter 5

Evaluation: A Technical Perspective

This chapter describes the system architecturehef proof-of-concept tool
called the GraSSML prototype developed to demotestihe feasibility and
applicability of the GraSSML approach describethm previous chapter.

The implementation is seen as a means to an emdaiffhwas not to produce a
production quality piece of software but more ayfudlinctional proof-of-concept
prototype reflecting the conceptual architecture GxaSSML. So, the different
technologies used have been selected accordingniattempt to build a system
“working prototype” where experiments can be dowéhin the timescale of the
thesis.

The development and implementation of the full fior@al proof-of-concept
prototype demonstrating GraSSML for two differeypes of diagrams, selected from
two different application domains: Process diagrdlisiL Activity Diagram) and
Hierarchical diagrams (Organizational Charts)hent presented as two different use

cases.

5.1 GraSSML Prototype Architecture

The GraSSML prototype architecture is illustrated Higure 15. This is a
reification of the system architecture presentedFigure 14. The seven stages
involved in the application of the GraSSML appro&elve been described in Chapter
4 section 4.8.2.

GraSSML is an application of semantic web techrsqtee provide machine-
readable metadata for diagrams. Semantic web téamiee have been used to
express the semantic intent behind a diagram redjlny the GraSSML approach. As
the research progressed, semantic web technolofieesource Description
Framework (RDF) / RDF Schema (RDFS) / Web Ontolagsnguage (OWL))
became more prominent technologies and tool suppm@ioved. Therefore a general
approach starting from a data model (RDF graph) as&bciated ontologies was

developed.
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All the parts of the GraSSML conceptual architeetbave been implemented in
the GraSSML prototype. Extensible Markup Langual(), Extensible Stylesheet
Language Transformations (XSLT) and Scalable VeGoaphics (SVG) have all
been used to populate the GraSSML architecture.

The open source development platform Eclipse han besed as a Java
integrated development environment (IDE). The kegndformations have been

implemented using an XSLT transformation enginex¢Ba
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Figure 15: GraSSML Prototype Architecture
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5.1.1 Stage 1: Ontology
Protégé (PROTEGE, 2009), the extensible platfordei@ndent environment
for creating and editing ontologies and knowledgeds has been used to author this

ontology.

5.1.2 Stage 2: Data model
The RDF data model lies at the heart of the praph@3&aSSML approach. Its
conformance to the OWL ontology is important foe tkeraSSML approach to
successfully process the RDF graph and make imptitirmation explicit. So the
relationship between the RDF graph and the OWLlogtoit conforms to, is key to
the ability to enquire and reason about the infaioneon which the diagram is based.
The RDF data model may be produced in severalrdiftevays (Figure 16).
The data model might be:
» created through an authoring tool (PROTEGE, 2009)
e extracted from SVG, XHTML or HTML5 documents usitgchnology
such as GRDDL (W3C, 2007), Microformats (MICROFORW®, 2005)
and RDFa (W3C, 2008a)
» scraped from Web pages using technology such @y Bignk (HUYNH et
al., 2005)
» extracted from domain specific markup languages €Ml (OMG, 2007)
for UML diagrams (see section 5.3), XBRL (XBRL, Z0)0for Business

Reporting).
Domain RDFa,
Specific Microformats
Languages XHTML / SVG
(e.g. XMI) HTML5

RDF o
authoring Application

tool

Figure 16: Possible sources of information of the BF data model

RDF
Graph
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The Protégé OWL editor has been used to createidudils (RDF graphs)
validated against the appropriate ontology. Protéfjérs two different options to
create the data model, either using only formsuifeigL7) or alternatively using the

graph widget to create the individuals (Figure a8yl then forms to enter the details
concerning these individuals.

@ FiralCrgChart_ondoiogy

¥ @ Employes
@ Dwector (1)

or Class: B IT_Manager

asserted | Interred |

|- a_peter

IHDIVIDUAL ENTOR

B IT_Deveiopes |
v & Manages
@ Finance_Menagsr (1
O 1T _ansger
v B Team_Leader
@ Team Leader_Davelopment (11
0 Tesm_Leader_Syslem (1)

B OrganesationChant

Fur Individuat: 4 |1 Peter | trstance ot |
i
BECE. A _ Annorato
- ¥ o X G| Property Velue Lang.
rdfzcomment &
sddress £ B phone ol S— 1
|Peter address 01524854575 ¥ id_Jonn
dob db 52 o o52
|ty 17, 2008 =@ 85000,0
. i - (— ¢ o
peter @ id_David
— @i Bob

Figure 17: Creation of the RDF Graph using forms inProtégé

INDIVIDUAL EDITOR HI=ZERT:
For Individual: @ [ld_OraChart_OxfordBrookes (nstance of OrganisationChart)
< 2 1 -
L #'1°% Q, Lg2 |_J Annotations  title £ B
Property | Value Lang | | |Oxtord Brookes Organisation Chart
rdts;comment |«
| author & B
Zine BEN FREDJ
creationDate g 8
= At 13, 2008 Elm
composadof Adw W X HGE
o
Employee
Id_John
Directar
P N
manages manag&s
IT_Developer
Id_Petar Id_Sue
Manager
o + |
Finance_Manager manages
THSHERES
(T_Manager Id_Bob 1d_David
Team_Leader / ‘

Team_Leader_Development

Team_Leader_System

[4] »
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id_Joe

Figure 18: Creation of the RDF Graph using Graph Wiget in Protégé
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5.1.3 Stage 3: Notational conventions

A. XSLT Transformation

The rules which relate concepts expressed in thee madel with the notations
needed to represent them in the diagram to be gepied graphically are expressed
by an XSLT (Extensible Stylesheet Language Transibion) transformation.

The XSLT transformation generates ZineML from tinéormation retrieved
from the RDF graph. The XSLT transformation embsdlee notational conventions
which express analogies between the concepts defimethe ontology and the
notation used to represent them when the diagrambe represented graphically.

B. ZineML
This section provides a description of the syntXineML.
% ZineML Syntax
ZineML is an application of XML with ZineML as th@ot element. It has an
attribute “type” that defines the class of diagrdmesg represented.
Some of the features of the language are:
» By default, elements are drawn from left to rigimdaconnected at the
default positions.
» Each element has a well defined bounding box wheh be named for
referencing.
* Objects have a default size but this is expandednture text or other
shapes inside it remain inside the shape of thectbj
» Each object has a set of defined connection poiatsed by defaultn | s | e
|w|nw|ne|sw|se]|c|left]right|tbptiom.
* An XML Schema for a specific class of ZineML diagra ensures the
markup is constrained to that specific class’s irequents.
* Coordinates in ZineML have the X-direction fromtl&d right and the Y-
direction from top to bottom. This is the same ¥&%nd PDF.
* The default unit is the point (72 points to an incbnits can also be
defined in px, mm, cm and inches. The units to eduare defined as an
attribute “units” on the root element.

* Units can be defined as absolute or relative tacthieent position.

106



%  ZineML Basic Shapes

The set of shapes provided by ZineML is open-eradetluser-defined. A set of
basic shapes, presented in the following tablprasided initially. Most elements can
have textual content. For example <box>some tegt#b

Each shape has a set of attributes. Some attribpfag only to specific shapes
and others to all shapes. The attributes presentide: table are specific to that shape
whereas the following sets of attributes applyltsl@apes:

* id: unique id

visibility: true | false

 color: fill color of the shape

» strokeColor: stroke color of the shape
* X, Y, width, height

* halign, valign

o att-point: n|ne|e|se|s|sw|w]|nwiéft|right|top | bottom

The basic set of shapes is illustrated below.

ZineML element Shape (ILOG Symbol Specific atttdsu
labelColor
Box .
labelVisibility
4 I
Rbox labelColor
labelVisibility
\____
x1,yl
Line Y
X2,y2
< from, to
arrow > headType= start | end| |
< > both | none
circle R
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colorin

_ colorOut
Dcircle
strokeColorin

strokeColorOut

diamond

rx, ry
ellipse labelColor
labelVisibility
|

thickBar Direction

5.1.4 Stage 4: Graphical Representation

The commercial ILOG JViews Diagrammer tools (Figt8 and SDK in Java
have been used to generate the graphical représenvé diagrams in SVG from the
ZineML description at the structure level.

At this level due to the nature of the topologypodcess diagrams and different
possible layouts for hierarchical diagrams, it vgasckly realized that a constraint
based algorithm was needed. At this point it wasresting to explore existing tools
and find out how they would integrate with the G3&8. approach. ILOG JViews
Diagrammer was found to be an excellent choiceafdecent constraint based layout
algorithm. It has demonstrated its ability interoaally and commercially. As ILOG
were interested in the project, it was possiblelitain a copy of this powerful tool for
this research project.

While generating diagrams using JViews Diagramniiéerént aspects have to
be understood. ILOG JViews Diagrammer provides isgwesign tools (Figure 19)
to automate the production of diagrams. This retearakes use of two of them: the
Symbol Editor and the Designer.
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Symbols will be arranged with
Graph Layout algorithms

Designer

>

Finished
Application

Symbol
Editor

Diagrammer
SDK

Figure 19: Based on ILOG JViews Diagrammer Tool Chan

The JViews Diagrammer architecture (Figure 20) mles a clear separation
between the data and its presentation. The JVieagr@nmer data model is part of
the Styling and Data Mapping (SDM) engine, and f®time connection between the
data source and its views on display. SDM reliestten Framework SDK and the
Graph Layout SDK which are also part of JViews Bggmer. The SDM engine is
one of the most important pieces of JViews Diagra&mas it controls the data-to-
graphics mapping.

The Framework SDK provides a comprehensive stradt@D graphics API
that includes graphic objects, interactors, vietnamsformations, graphs, sub graphs,
etc. The Graph Layout SDK provides a set of gragbut algorithms.

H B

Data Sources Style Sheets ‘Jlews

! |

Java2D Swing

Figure 20: Architecture of JViews Diagrammer
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Symbols are the starting point of a diagram. A syhib a collection of graphic
objects, parameters and conditions used to repraseoncept. A CSS file is used to
store the information needed to represent a syiftipoe and position of shapes, text,
images, etc.). The CSS file contains a descriptbrthe JavaBeans to use, their
settings and logic needed at the instantiatiorhefdymbol. Symbols data is stored
and organized inside palette files structures which stored in Java archive files
(.jar). A tool called the Symbol Editor (Figure 2%)used to create the symbols and
organize them within palettes. Different parametasid be assigned to the symbol,
these would be linked later on to specific valuesnf a data model containing the
information to be represented.

The diagram generated is created from a data seurmh is expressed in our
case in the required XML format called “diagramniat” defined by ILOG. This data
source is in fact an ILOG valid representation loé information represented in
ZineML (notational conventions). It is generate@nir ZineML using an XSLT
transformation.

In JViews Diagrammer, the Designer creates a dispha binding the data
source elements to the symbols created with theb8lyEditor and saved in a palette.
Using the Designer it is possible to specify thaiwen type of data instance from the
data source (e.g. Diamond) be represented by & gymbol (e.g. Lozenge), and that
a particular value of a field defined in the datarse to be bound to some symbol
parameters to define the aspects of the symbol.

The Designer defines the link between the symbiadsthe elements defined in
the data source; this mapping is described in a 168&at and allows the Designer to
create a display of the diagram. The output isaept file combining the CSS part
and the XML part (data source) and can be loadidan application at run time.

It is also possible using the SDK of ILOG JViewsadiammer to customize the
data model and refine the graphic representatiothefdata. Further Java classes
provided within the JViews Diagrammer Advanced Fearork allows the generation
of the output SVG graphical representation of tiagim. This is what has been used
in order to generate a tailored SVG representatiothe diagram. ILOG generates
SVG as an output format. Some modifications wersded to enrich and reorganize
the SVG output to provide a link to the semantformation.

ILOG JViews Diagrammer and ZineML have producetkeailble system where

significant changes in rendering can be divorcednfthe logical description of the
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diagram. ILOG proved to be an excellent choice uittipg in place generating the
graphical representation of the information takimgo account the information
collected at the structure level through ZineML. &ihusing the GraSSML approach
having one set of symbols rather than another seymbol is not important, what
matters is the definition of a set of symbols andnectors. The tools provided with
ILOG (symbol editor and the designer) are perfeamdidates to implement such
aspects of the approach. ILOG JViews Diagrammeviges most of what the
GraSSML prototype requires although some featuegglired by ZineML in the
generation of SVG could not be generated corrdmitythis did not affect the overall
correctness of the GraSSML approach. It was nosipleswithin the scope of the

project to correct these.

§| ILOG J¥iews Symbol Editor - (Editing Mode) - RoundBox
File Edit “iew Palette Help

= Rl @a @ !
ANNIRE&ADOC » 4o 7 My
.E'Ii'qﬁ’ b T ﬂl RoundBo: E|
B P e e T T e T S e =
I:—j ﬂ Elements .............................
isﬁ RoundBiox —
I~ T N || [ttt R e S e B e m rocess_Pale :
|:!--§§ Paramekers 00 (| T P TS i 2 il iy
e id w ] ZineML_Process_UMLAD
L = BarHarizontal
B strokecolors (IERiaE e e i s e e e e s ZinglL
bty |
Eﬁ labelCalor
“ [ labelvisibility S| ahel of the action i
Diamond
S - @) DCircle
_____________________________ | Barvertical
............................. == ZneML T
............................. v
s *
[Symbal 55 )

Figure 21: Symbol Editor for UML Activity Diagram E xample

Of course, it would be possible to use any othstesy to replace ILOG (e.g.
VGJ, Dia, etc.). The main points involve the creatof the symbols, naming them,
identifying their anchor points and using a constrbased layout engine and renderer

to deal with the generation of the appropriate bi@ representation.
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5.1.5 Stage 5: Verbalisation model (Semantics)

The verbalisation model templates defined in XSLdenerate textual
representations of the diagram semantics. In t@SSML prototype, this is done in
two stages using an XML intermediate format.

Information is extracted from the RDF graph andigfarmed into the syntax of
an XML intermediate document. A second XSLT Transfation is applied to the
intermediate document using the information exeéddrom the RDF graph and the
research into appropriate presentation of diagramos-visually (NCAM, 2008,
CORNELIS and KRIKHAAR, 2001, WEB, 2002, NBA, 2000U, 2009, NCAM,
2006).

This research suggests information should be peavid layers of increasing
detail. Initially the user is given an accessiblTML overview targeted at a screen
reader (title, type of diagram, complexity, inteat¢.) ideally defined by a domain
expert using appropriate techniques and enrichéd appropriate ornamentations
(e.g. “labelled”, “followed by”, “if", etc.).

For information aimed at screen readers, spedaht@n should be paid to wih
links, headings, paragraphs and page elements. 3treen reader Jaws
(FREEDOMSCIENTIFIC., 2009) has been used to evalilmw it would read the
description generated. If needed, the presentatidhe end result can also be styled
using CSS.

5.1.6 Stage 6: Verbalisation model (Structure)

Some diagrams need to be described in terms af shreicture (e.g. modelling
languages such as UML).

The implemented verbalisation model templates ggaghe diagram structure

in XHTML based on the syntax of the correspondiimeKIL representation.

5.1.7 Stage 7: Query systems
The Jena framework (JENA, 2009) for building Sentaiv/eb applications
(written in Java) and the SPARQL query languageRiDF (W3C, 2008b) have been
used to retrieve information from the RDF graphd atore it in an XML document.
The graphical query system and the textual quergtesy have been

implemented using Jena and SPARQL.
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For both query systems a SPARQL end point woulceHaeen the best option
for authors and users to define their own que&egh an end point could allow the
automatic generation of queries from some formak#ggations and so being more
author-friendly and user-friendly. But unfortungtelue to the timescale of the thesis
it was not considered as essential to implement.

On the other hand to prove the feasibility of saclguery system a “hand-
coded” version with a predefined sample of possiieries has been developed. The
hand-coding involved includes the SPARQL queriesitbelves as well as the Java or
Java/JavaScript interfaces to collect the inforomatiequired by the selected query
(e.g. "who manages directly...?” query requires tharie of the person concerned by
the query” e.g. “Linda”) and the Java or Java/JaviaSinterface displaying the result
of the query.

The “Textual Query System”, queries the RDF graplthe diagram using a
predefined user interface implemented in Java. fEHselts are presented textually
within the same interface.

The Graphical query system allows the SVG diagrarbe queried directly by
selecting an object on the diagram and selectirgatery to apply to it from a
predefined graphical menu expressed in SVG. Theltseare presented graphically
(e.g. using highlighting or hiding). This graphiagplery system has been written in
Java and JavaScript. It currently runs as a Jargooent using Batik SVG in a Java
environment which offers JavaScript support. An amg@nt aspect at this level is the
Java which is called from JavaScript to provideiltssof queries selected on the SVG
document. The queries are executed by the Jawggmoand returned to JavaScript
which displays them. The results are then used ddifm the SVG document. The
query could also be run within a Web browser usiaghniques described in
(COOPER et al., 2005).

5.1.8 Graphical User Interface

The graphical User interface has been implemeni#u azcessibility in mind.
Effort has been put in place to ensure keyboardsaneen reader accessibility of the
different elements of the interface.

Java Access Bridge (JAVA, 2009) for windows hasnbased to ensure that
Assistive technologies such as screen readersbégd@interact with the Java based

graphical interface objects under windows. Mnemsiais well as keyboard short cuts
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have been used to ensure accessible navigationdatba interface. The interface has

been tested using Jaws to ensure the focus i®stotvhile navigating the interface.

5.2 Use Case: Hierarchical Diagram “Organisation
Charts”

Hierarchical diagrams, as exemplified by “Organaat charts” will be
explained in this section. A full description ofeoarganisation chart will be followed
by more specific examples from the same domainallirsome examples from the

same class of diagram but in a different domaih vélpresented.

5.2.1 Organisation Charts

Organisation charts are found in most corporatesegonent and academic
institution web sites. They show the formal struetaf an organisation in terms of the
relationships between its departments and/or emepkyThey show the lines of
command and responsibilities within the organigatio

Many variants of the basic chart exist often dugh® structure and the size of
the organisation chart. A good starting point fading examples of different types of

organisation charts istp://www.orgplus.con)/

Organisation charts consist of a set of connedeges (e.g. circle, rectangle,
square, triangle, etc.) where each shape repreaergmployee or a department. The
names of the department, employee or position &en dhe textual information
provided with the shape but this varies dependimghe company’s need. The lines
connecting the shapes represent direct “line welahips” between
superior/subordinate employees or departments. efhhtrelationships” between
different employees or departments working at taenes hierarchical level, can be
shown. These charts can be represented as hotiponertical trees. They need to be
frequently revised and updated if the workforceeigularly changed or if the structure
of the institution changes. Sometimes to avoid desj updating of an organisation
chart, only position titles are used rather thamrhmes of employees. They become
very large and complex for large organisations arelthen represented as a set of
smaller organisation charts representing individieggartments. Alternatively nested
organisation charts can be represented. Differayut conventions can be found
within the same chart to accommodate the size efcttart (Figure 22). The layout

used is either level layout or tip-over layout araambination of both.
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* Level layout: the nodes are organised into leveld these levels are
arranged either horizontally or vertically

» Tip-over layout: in order to balance the organmatthart, certain tip-over
alignments are applied to a selected set of nogles leaf nodes, or root

nodes, etc.).

OrgPlus 8

Sl b [Fit o window il [0 & (LS Powered by: OrgPlus™
Profile

Name . [1im Stein

Title |Chief Financial Officer

Division |Executive

ILocation |oakiand, cA

\Start Date |1/10/2000

|Birthday |w/19e7

Photo

Email

|salary K
[Employee Type  |Full Time
\Worlk Phone |(s55) 456-3823

|Gender [Male
\Age [az
\Years in Company |3
|Performance Rating 52%
|vacation |
Total |10
o

Figure 22: Organisation chart example

Different notational conventions can be found, oidifferent colour schemes,
different information displayed (e.g. photos, titidivision, name, etc.), different
interactive facilities such as links or buttonsetixpand or hide a sub-tree or zoom
on/click on an employee to get access to moreldetbhout the person.

Organisation charts are mostly represented onuhert web as vector images.
When designed with accessibility in mind other esgntations are provided to make
them accessible to screen readers. A text altemdescribing the vector image (e.g.
Organisation chart of...) as well as a link to (“Ongaation chart Text only version”),
a detailed description of the organisation cham the most common non-visual
alternatives for this type of diagram found on theb. Either detailed natural
language descriptions or bullet lists describirg different levels of the organisation

chart can be found.

115



5.2.2 Main Example
Figure 24 presents the organisation chart of VISBO(VISIONS, 2009), an
incorporated non-profit social service and visiehabilitation agency. This example

will be used to describe the organisation chartoase.

A. Stage 1: Ontology
An ontology has been created. As the ontologyashig to be shown, Figure 23
shows the class hierarchy of the extended techgdiait using Protégeé.

'l
)
& FinalOrgChart_ontalogy

oyl Thing
L J Employes
k4 Aszzistant
v Azsiztant_Director
v Aszistant_Camp_Director
Azziztant_Camp_Director_Lions
Azzistant_Director_Of Business Development
Assiztant_Director_of_Community _Cutreach
Aszistant_Director_Of_Rehabiltation_Services
Camp_Caretaker
Caontraller
v Director
Camp_Director
Desvelopment_Directar
Director_Of_Facilties_Management
Director _Of_Information_Services_and_Technical_Trainin
Director _Of_Recreation_&And_Residertial_Programs
Directar_Of_Rehabiltation_and_Community _Outreach
Director_Of_Social_Services

Executive_Director

IT_Developer
v lanager
Finance_Manager
IT_Manacer
v Team_Leader

Tearm_Leader_Developmernt
Team_Leader_System
OrganisationChart

Figure 23: Class hierarchy for Visions OrganisationChart Ontology
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Executive

Director
Nancy D. Miller
Director Of Director Of Director of
Development Rehabilitation Recreation And e
K . N . Controller Facilities
Director And Community Residential .
. Natalia S. Young Management
Jean L. Geiger Outreach Programs Carlos Cabrera
Diane S. Weiss BetsyFabricant
Assistant Assistant
Director of Assistant_Director . . Director Of
. e Director Of Camp Director . N Camp Caretaker
Community Of Rehabilitation R Social Services .
. Business NancyAnn Sixfredo
Outreach Services Amanda L. .
. . Development Nowak Rodriguez
Antoinette Annie Presley - . Slattery
Kai R. Smith
Emers
Director Of
Assistant Camp Assistant Camp Info!'matlon
h . . Services and
Director Director Lions X
. . Technical
Carmen Thorne Danielle Pepin L
Training
Dawn Suvino

Figure 24: VISIONS Organisation Chart
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B. Stage 2: Data model
The data model has been created using Protégé datl ke accessed,

previewed and modified using the graph widget (Feg@25) of the GraSSML
prototype interface..

Camp_Caretaker

Assistant id_NancyMiller

Assistant_Director L/L
Assistant_Camp_Director | | - / \
\J

Assistant_Camp_Director_Lions

4 id_BetsyFabricant id_JeanLGeiger id_DianeSWeiss id_NataliaYoung il_CarlosCabrera
istant_Director_of_Ci ity_outt |-
Assistant_Director_Of Business_Develo
Assistant_Director_Of_Rehabilitation_Se Y
Director id_Amandal Slattery id_Nancy i_antoi mers il_KaiRSmith il_AnniePresley itl_SixfredoRodriguez

Development_Director
Director_Of_Facilities_Managemen | |

Director_Of_Rehabilitation_And_Community| i D J—_— id DaniellePepi id CarmenThorne
q ' - H -

Director_Of_Recreation_And_Residential_F
Director_Of_Social_Services
Executive_Director

Camp_Director

Director_Of_Information_Services_and_Techn| |-

Figure 25: Creation of the Individuals Using GraphWidget

C. Stage 3: Notational conventions
The following conventions have been defined forWh&IONS example:
» Each employee is represented by a black box filgld white and a black
centred label representing the position and nanteeoémployee.
* Each “manages” and “reportTo” relationship is reprged by orthogonal
black lines connecting the employees of the ratatigps.
» The organisational chart is represented as a blgcal diagram from top
to bottom.
Information is extracted from the RDF graph andigfarmed into the syntax of
an XML intermediate document. A second XSLT Transfation generating the
ZineML is then applied to the intermediate documesinhg the information extracted

from the RDF graph and the appropriate notational’entions.
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The ZineML for the Visions Organisation Chart exdenig as follows (Figure
26):

<?xml version="1.0" encoding="utf-8"?>
<ZineML type="Hierarchy” id="Zine BEN FREDJ" J[direction="Bottom’}| creationDate="2009-09-03 “ author="Zine

BEN FREDJ" title="Visions Organisation Chart” visibility="false” jlayoutMode="LEVEL}}>

<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_NancyMiller">Executive Director Nancy D. Miller
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_NataliaYoung”>Controller Natalia S. Young</box>
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_BetsyFabricant”>Director Of Recreation And Residential Programs Betsy Fabricant
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_NancyAnnNowak">Camp Director NancyAnn Nowak
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_DaniellePepin">Assistant Camp Director Lions Danielle Pepin</box>
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_CarmenThorne">Assistant Camp Director Carmen Thorne</box>
</box>
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_Amandal Slattery”>Director Of Social Services Amanda L. Slattery
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_DawnSuvino”>Director Of Information Services and Technical Training Dawn
Suvino</box>
</box>
</box>
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_JeanLGeiger">Development Director Jean L. Geiger</box>
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_DianeSWeiss">Director Of Rehabilitation And Community Outreach Diane S. Weiss
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_KaiRSmith">Assistant Director Of Business Development Kai R. Smith</box>
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_AnniePresley">Assistant_Director Of Rehabilitation Services Annie Presley</box>
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_AntoinetteEmers”">Assistant Director of Community Outreach Antoinette Emers</box>
</box>
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_CarlosCabrera”>Director of Facilities Management Carlos Cabrera
<box color="white” visibility="true” strokeColor="black” labelColor="black” labelVisibility="true”
id="id_SixfredoRodriguez">Camp Caretaker Sixfredo Rodriguez</box>
</box>
</box>
</ZineML>

Figure 26: ZineML code for the Visions OrganisationChart Example

Changing the direction of the Organisation chary mequires changing the
value of the attribute “direction” in the ZineMLeshent. Figure 27 illustrates the

result for direction="Right”.
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Assistant
Director Of
Business
Development
Kai R. Smith
Director Of
Rehabilitation
r—1 And Community
Outreach
Diane S. Weiss
A t_Director
Of Rehabilitation
Services
Annie Presley
Director Of
Director Of Information
| Social Services Services and
Amanda L. Technical
Slattery Training
Dawn Suvino
Director Of
Recreation And
— Residential 1
Programs
Betsy Fabricant Assistant Camp
Director
Carmen Thorne
Executive
Director .
Nancy D. Miller Camp Director
— NancyAnn
Nowak
Assistant Camp
Director Lions
Danielle Pepin
Dlret_:t.o_r of Camp Caretaker
Facilities 8
1 Sixfredo
Management Rodriguez
Carlos Cabrera
Development
1 Director
Jean L. Geiger
L | Controller

Natalia S. Young

Figure 27: VISIONS Organisation Chart with drawing direction “Right”

D. Stage 4: Graphical representation
In the current prototype, the SVG code has beeergéed by the ILOG JViews
Diagrammer. The actual SVG code generated is hetaet to the use case. This is

rendered correctly but is large and complex.

E. Stage 5: Verbalisation model (Semantics)

A verbalisation model allowing the generation degtual representation of the
semantics of the diagram has been implemented.

The definition of the template has been based atejnes on how to describe
this kind of hierarchical diagrams. They recomm#rat these diagrams be described

using well structured prose or using nested lstiecting the levels of the hierarchical
structure of the organization chart.
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The verbalisation model template shown in Figureh28 been prepared to
describe the semantics of an organisation chargnpeterized items are shown in
italics. This follows guidelines described in (NCAMO008, CORNELIS and
KRIKHAAR, 2001, WEB, 2002, NBA, 2000, OU, 2009, NGA 2006). Two
different verbalisation models have been definedHs use case:

» Presented as a more “natural language” descriptsimy some “ornament
text” (version often found on the web as a texerafative to this kind of
diagram). This version might present some drawbathksertain situation
due to the limitation of “Text Alternative”.

* Presented as a list reflecting the hierarchicalcstire of the data. This
method has proved effective by many researchersngimt presenting
information non-visually (BENNETT, 2002, BROWN etl.,a 2004,
METATLA et al., 2008)

Semantics of the diagram

General description

The Organisation chart is entitled title

It was created on the creation date

The author is author information

The chart is organized into depth of the organization chart levels and is composed of number of employee
employee(s)

Detailed prose description

(Description of each individual level)

At level current level in the organization chart

There is (are) number of employee employee(s)

(Description of each employee at this level)

The position of employee named name of employee directly managed by position of employee named name of
employee

Detailed tabular description

Hierarchical data structure representing the organization chart

Figure 28: Verbalisation Model Template for Organistion Charts

The template (Figure 28) has been applied to thd Xiermediate document
extracted from the RDF data model to generate éxéual representation of the
semantic of the Visions organization chart.

The verbalisation model has been developed as &1 X&nsformation on the
XML intermediate document retrieved from the datader.

The result obtained is presented in four diffesadtions in the web page:

1. Menu (Figure 29): a menu allowing the navigationusd the different
presentations of the information

2. General description (Figure 29): this provides gaheanformation
concerning the organization chart diagram: titteation date, name of the
author, an indication of the number of levels ahd total number of
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employees composing the diagram. This last piedefofmation provides
an overview of the complexity of the diagram.

3. Detailed prose description (Figure 30): the dethifgose description
provides a complete human-like description of tregm as it would be
described by a third party in audio.

4. Detailed list description (Figure 31): the detailést description allows

navigation around the information by making usaedted lists.

Semantics of the diagram

See the graphical version of the Organisation chart
General description

Detailed prose description

Detailed list description

General description

* The Organisation chart is entitled Visions Organisation Chart
« It was created on the 2009-09-03
+ The author is Zine BEN FRED]

 The chart is organised into 4 levels and is composed of 15 employees

Figure 29: "Menu" and “General description” sections
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Detailed prose description

+ Atlevel 1
= Thereis 1 employee
= The Executive Director named Nancy D). Miller

+ Atlevel 2

= There are 5 emplovees

= The Controller named Natalia S. Young directly managed by the Executive Director named Nancy D. Miller

= The Director Of Recreation And Residential Programs named Betsy Fabricant directly managed by the Executive
Director named Nancy D. Miller

= The Development Director named Jean L. Geiger directly managed by the Executive Director named Nancy D.
Miller

= The Director Of Rehabilitation And Comnmmnity Qutreach named Diane S, Weiss directly managed by the
Executive Director named Nancy D. Miller

= The Director of Facilities Management named Carlos Cabrera directly managed by the Executive Director named
Nancy D. Miller

+ Atlevel 3

= There are 6 employees

= The Camp Director named NancyAnn Nowak directly managed by the Director Of Recreation And Residential
Programs named Betsy Fabricant

= The Director Of Social Services named Amanda L. Slattery directly managed by the Director Of Recreation And
Residential Programs named Betsy Fabricant

= The Assistant Director Of Business Development named Kai R. Smith directly managed by the Director Of
Rehabilitation And Comwmunity Outreach named Diane S. Weiss

o The Assistant_Director Of Rehabilitation Services named Annie Presley directly managed by the Director Of
Rehabilitation And Community Outreach named Diane S, Weiss

= The Assistant Director of Community Outreach named Antoinette Emers directly managed by the Director Of
Rehabilitation And Conmumunity Qutreach named Diane S. Weiss

= The Camp Caretaker named Sixfredo Rodrignez directly managed by the Director of Facilities Management
named Carlos Cabrera

+ Atlevel 4

= There are 3 emplovees

= The Assistant Camp Director Lions named Danielle Pepin directlv managed by the Camp Director named
NancvAnn Nowak

= The Assistant Camp Director named Carmen Thome directly managed by the Camp Director named NancyAnn
Nowak

= The Director Of Information Services and Technical Training named Dawn Suvino directly managed bv the
Director Of Social Services named Amanda L. Slattery

Figure 30: "Detailed prose description” section

Detailed list description

+ Executive Director Nancv D. Miller
o Controller Natalia $. Young
o Director Of Recreation And Residential Programs Betsy Fabricant
m Camp Director NancyAnn Nowalk
m Assistant Camp Director Lions Danielle Pepin
m Assistant Camp Director Carmen Thorne
m Director Of Social Services Amanda L. Slattery
m Director Of Information Services and Technical Training Dawn Suvino
o Development Director Jean L. Geiger
o Director Of Behabilitation And Community Outreach Diane S. Weiss
m Assistant Director Of Business Development Kai B Smith
m Assistant Director Of Rehabilitation Services Annie Presley
m Assistant Director of Community Qutreach Antoinette Emers
o Director of Facilities Management Carlos Cabrera
m Camp Caretaker Sidredo Rodriguez

Figure 31: "Detailed list description" section
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F. Stage é: Verbalisation model (Structure)
This stage respects the same template createdga St(Verbalisation model
(Semantics)), but expresses the elements of tlyeasiain terms of objects rather than

concepts. The resulting sections are shown in (Eiga, Figure 33 and Figure 34).

Structure of the diagram

See the graphical version of the Organisation chart
General description

Detailed prose description

Detailed list description

General description

» The diagram is entitled Visions Organisation Chart

+ It was created on the 2009-09-03

+ The author is Zine BEN FREDJ

This diagram is of type Hierarchy

» Itis organised into 4 levels and is composed of 15 elements

List of the different elements

» There are 14 boxes.

Figure 32: Textual representation of the structure(Menu and General description

sections)
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Detailed prose description

s Atlevel 1
o Thereis 1 element

= The box labelled Executive Director Nancy D. Miller

o Atlewvel 2

= There are 5 clements

= The box labelled Controller Natalia S_ Young directly linked to the box labelled Executive Director Nancy D.
Miller

= The box labelled Director Of Recreation And Residential Programs Betsy Fabricant directly linked to the box
labelled Executive Director Nancy D. Miller

= The box labelled Development Director Jean L. Geiger directly linked to the box labelled Executive Director
Nancy D. Miller

= The box labelled Director Of Rehabilitation And Community Outreach Diane S. Weiss directly linked to the box
labelled Executive Director Nancy D. Miller

= The box labelled Director of Facilities Management Carlos Cabrera directly linked to the box labelled Executive
Director Nancy D. Miller

o Atlevel 3

o There are 6 elements

= The box labelled Camp Director NancyAnn Nowalk directly linked to the box labelled Director Of Recreation
And Residential Programs Betsy Fabricant

= The box labelled Director Of Social Services Amanda L. Slattery directly linked to the box labelled Director Of
Recreation And Residential Programs Betsy Fabricant

= The box labelled Assistant Director Of Business Development Kai R Smith directly linked to the box labelled
Director Of Rehabilitation And Community Outreach Diane S. Weiss

= The box labelled Assistant_Director Of Rehabilitation Services Annie Preslev directly linked to the box labelled
Director Of Rehabilitation And Community Outreach Diane S. Weiss

= The rbox labelled Assistant Director of Community Outreach Antoinette Emers directly linked to the box labelled
Director Of Rehabilitation And Community Outreach Diane S. Weiss

= The box labelled Camp Caretaker Sifredo Rodriguez directly linked to the box labelled Director of Facilities
Management Carlos Cabrera

o Atlevel 4

o There are 3 elements

= The box labelled Assistant Camp Director Lions Danielle Pepin directly linked to the box labelled Camp Director
NancyAnn Nowak

= The box labelled Assistant Camp Director Carmen Thome directly linked to the box labelled Camp Director
NancvAnn Nowak

= The box labelled Director Of Information Services and Technical Training Dawn Suvino directly linked to the box
labelled Director Of Social Services Amanda L. Slattery

Figure 33: Textual representation of the structure(Detailed prose description section)

Detailed list description

* box labelled Executive Director Nancy D. Miller
= box labelled Controller Natalia 5. Young
= box labelled Director Of Recreation And Residential Programs Betsy Fabricant
m box labelled Camp Director NancvAnn Nowak
m box labelled Assistant Camp Director Lions Danielle Pepin
m box labelled Assistant Camp Director Carmen Thome
m box labelled Director Of Social Services Amanda L. Slattery
m box labelled Director Of Information Services and Technical Training Dawn Suvino
° box labelled Development Director Jean L. Geiger
= box labelled Director Of Rehabilitation And Community Outreach Diane S. Weiss
m box labelled Assistant Director Of Business Development Kai R Smith
m box labelled Assistant Director Of Rehabilitation Services Annie Presley
m rbox labelled Assistant Director of Community Qutreach Antoinette Emers
= box labelled Director of Facilities Management Carlos Cabrera
m box labelled Camp Caretaker Sixfredo Rodrignez

Figure 34: Textual representation of the structure(Detailed list description section)
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G. Stage 7: Query systems
To illustrate the approach in the context of thgaoisation chart use case

example (Figure 24), the following queries have rbeefined. Note these were
derived using anecdotal skill and are not the tesiud formal study into how users
might want to query organisation chart diagrams.
* General Information Queries about the diagram

* What is it? Give me more information (Graphical ugystem).

* Who is the author of the diagram?

* When was it created?

* What is the title of the diagram?

* How many employees have the same first name?
¢ Queries about the employees and the relationsleysslen them

* Who is this employee?

* Who manages directly this employee?

* Who manages indirectly this employee? (Recognitiging the ontology)

» Who reports directly to this employee?

* Who reports indirectly to this employee? (Recognitising the ontology)

* How many managers have more than 5 staff?

The following code (Figure 35) shows the SPARQL rgudVho Manages
directly...?” as it is used by the query system. tFesmodel which reads the
appropriate information from the data model is medi. The defined query is executed
to find all the triples in the data model matchthg query. The result is captured and

then output on a Java interface.

String QueryPrefix = “PREFIX mydomain:<http://www.owl-ontologies.com/OrgChart_Ontology.owl#>";
String QueryString = QueryPrefix

+ “SELECT ?IDResult ?NameResult ?IDEmployee “

+ “WHERE { ?IDResult mydomain:manages ?IDEmployee . “

+ “?IDResult mydomain:name ?NameResult . “

+ “?IDEmployee mydomain:name \"™ + EmployeeName + “\" .}";

Figure 35: SPARQL query "Who Manages directly...?"

As described in Chapter 4, having access to theerdadel and its ontology, it
is possible to derive additional information thhe tdata model holds but does not
express explicitly. The ontology holds some infeeenules which are used by a
reasoner to make inferences on the data model.rmé&chanism allows “recognition”
by making implicit information explicit (BROWN et.a2004).
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This is illustrated with the SPARQL query “Who Maes Indirectly...?” In
this case an inference model is defined makingofisee OWL reasoner to collect the
appropriate result from the data model as wellhesdntology it conforms to. The
“manages” property is defined in the ontology assitive, which allows the OWL
reasoner to infer “who directly manages” but aldoowndirectly manages a given
employee. Both results are collected and serteanterface to be displayed.

s Textual query system

The following examples provide an overview of tleattbased query system.
Figure 36 shows the result of the query “Who MasaBérectly Danielle Pepin”
when indirect superiors are excluded. Figure 37vshihe result of the query “Who

Manage Indirectly Danielle Pepin” when indirect stiprs are included.

Query: Who manages?

Employee name Danielle Pepin |

[] Include indirect superiors Search

MancyAnn Mowak

Cancel

Figure 36: Result of query “Who Manages Directly Daielle Pepin”
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Query: Who manages?

Employee name Danielle Pepin |

Include indirect superiors Search

MancyAnn Mowak
Mancy D, Willer
Betsy Fabiricant

Mancwinn owak directly manages Danielle Pepin
Betsy Fabricant manages Mancyinn Mowak
Mancy D Miller manages Mancy D. Miller

Mancy D. Miller manages Betsy Fahricant

Cancel

Figure 37: Result of query “Who Manages IndirectlyDanielle Pepin”

% Graphical smart diagram

The two following examples illustrate the proce$gjoerying the smart SVG
diagram directly. In Figure 38, the box represemtthe “Who Manages Directly
Danielle Pepin” has been selected, and a menuirgfetifferent possible queries
appears. In this example the query “Who Manageediy” has been selected. The
result is highlighted in pale red and the elememrigd is highlighted in pale yellow.

In the example presented in Figure 39, the queriidWlanages Indirectly” has
been selected. The result is highlighted in similays to the previous example. This
example illustrates the advantage of the “recogmitimechanism offered by
GraSSML making implicit information explicit usirtge inference rules expressed in
the ontology linked to the data model representing information behind the
diagram. The property “manages” being definedrassitive, it is possible for a
reasoner to deduce who manage indirectly a giveplame. The “Who Manages

Indirectly” query result also includes the “Who Mayes Directly” results.
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Executive
Director
Nancy D. Miller

Development
Director
Jean L. Geiger

Director Of
Rehabilitation
And Community
Outreach
Diane S. Weiss

Director Of
Recreation And
Residential
Programs
Betsy Fabricant

Controller
Natalia S. Young

Director of
Facilities
Management
Carlos Cabrera

’ Assistant "
Assistant_Director i Director Of
of Rehabilitation el Social Services Gumip Caiotaker
Servicas Dev:‘l‘::n::nt Amanda L RoI:riguez
Annie Presley Kai R. Smith Slattery
Director Of
Assistant Camp Assistant Camp
Director Director Lions.
Carmen Thorme Danielle Pepin
Who Manages Directly
H . W H H H ”
Figure 38: Result of query “Who Manages Directly Daielle Pepin
Director Of "
o Director of
Development Rehabilitation Controller Facilities
Director And Community
3 - Natalia S. Young Management
lean L. Geiger Outreach Carios Cabrard
Diane S. Welss
£ 3 Assistant o
A;fs:tantﬁb_lmf:tor Director Of Dl.mmr O‘f Camp Caretaker
ehabilitation ¥ Social Services y
Services Eusingsx Amanda L. Siafredo
Annie Presle Development Slatte: Rodriguez
v Kai R. Smith v

Assistant Camp
Director
Carmen Thome

Assistant Camp
Director Lions
Danielle Pepin

Who Manages Indirectl

Figure 39: Result of query “Who Manage Indirectly Danielle Pepin”
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5.2.3 More examples

This section explores other examples of the saass af diagrams in the same
domain. A full description of each will not be prded but specific aspects which

need to be tailored are described.

A. Different ontology and notational conventions

This section considers the Oxford Brookes OrgamisatChart example
presented in Figure 40. In this case both the ogtobnd the notational conventions
are different. The ontology was extended to addndwe concepts identified such as
Dean, Assistant Dean, Director of research, etc.

The notational conventions needed to be changead.iiVolved changing both
the stroke color of the symbol representing empdgewhite and changing the layout
algorithm to TIP_LEAVES_OVER.
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Dean of School
Linda King

Assistant Dean
Resources
Prof David Fell

Finance Officer
Mike Barrett

Director Of
Postgraduate
Studies
Dr David Evans

Deputy Postgrad
Tutor
Dr Tim Shreeve

Deputy Postgrad
Tutor
Dr Susan
Brookes

Assistant Dean
Academic
Dr Peter
Grebenik

Biomedical and
Biological
Sciences
Programme Area
Leader
Dr Tony
Bradshaw

Biology and
Environment
Programme Area
Leader
Dr
DeborahPearce

Sport Exercise
and Nutrition
Programme Area
Leader
Dr Rhod Kinch

Chair Of
Learning and
Teaching
Committee
Dr Andrew
Rendell

School
Administrator
John Hobbs

Figure 40: Oxford Brookes University Organisation Chart Example
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B. Different notational conventions
Changing the direction of the Organisation chaifFe 41) only requires

changing the value of the direction attribute i@ FineML element.

Director Of
Research
Prof Chris

Hawes

Director Of

Studies
Dr David Evans

Deputy Postgrad Deputy Postgrad
Tutor Tutor
Dr Susan Dr Tim Shreeve
Brookes
Assistant Dean
Dean of School  _| Dr Peter
Linda King Grebenik
Biomedical and Chair Of Biology and Sport Exercise
Biological Learning and Environment and Nutrition
Sciences Teaching Programme Area Programme Area
Programme Area Committee Leader Leader
Leader Dr Andrew Dr Dr Rhod Kinch
Dr Tony Rendell DeborahPearce
Bradshaw

Assistant Dean
Resources
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Figure 41: Oxford Brookes University Example (Dire¢cion="Right”)

5.2.4 Hierarchical diagrams in different domains

Hierarchical diagrams are widely used in differéioimains: in mathematics
(graphs, probability tree diagrams (Figure 42)),computing (Website structure
(Figure 43), Questions, Options and Criteria (QOQ@)piology (genetic family trees
(Figure 44)), etc. Hierarchical diagrams are ofisad in order to provide an overview
of a hierarchical structure. They all vary in tewoh information represented and
notational conventions. Different symbols are emeth labelled in different ways

and using different colours to represents differemicepts. The links between the
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different hierarchical levels can be undirectedespnted by lines or directed in one

or both directions represented by arrows.

RR
@ RW

T
// RG
VA Z-o EZ
. WG
—»()

GR

@ GW
First stage t'e

N\

Deconc stage

Cnuteormne

Figure 42: Probability tree diagram example
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Ry ™, \, ", E‘
Intra Cortent Design Feaaluras Ratings
*
-, -, IL\
Dlesi [kasign Ratin
[Hlallgll Derliadls 2 [HI-?IE

Figure 43: Website structure example
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o7 o0
Dorothy il sira Robert

died of unknown | died of ald died of old | died of a heart
cancer aged 45 age at 78 age at 80 aftack aged 50

o @] O

Jane Peter Stephen May Frank Batty
b.1840 | b 1935 b.1937 b. 1940 b 1037 b. 1939
died of diagnosed with
bowel cancer bowael cancer
aged 43 aged 55

® [ [ -

Maran Pairick .

di b. 195: ith b. 1560 Anne James  Jenny John
e b.1962 | b.1957 b. 1961 | b. 1960
endometnal

{womb) cancer

last year L
Y J_‘ —I
Anne is worried about the | -
history of cancer in her Ellie Tom Mike
family and would like b. 1990 b. 1982 b. 1995
genetic counselling

Figure 44: Genetic family tree example

GraSSML could be applied to these types of diagram$ormal conventions
govern their representation and interpretation. &umentioned in previous chapters
presenting the GraSSML approach, this would recaifermal study of the different
domains and their notational conventions to crehedr appropriate ontology and
necessary transformations required at the diffelerels of GraSSML. No changes
are involved in term of the conceptual architectafeGraSSML, only the type of

information required at the different levels neagdating.

134



5.3 Use Case: Process Diagram “UML Activity

Diagram”

Process diagrams, as exemplified by “UML ActivityiaBrams” will be
explained in this chapter. A full description ofeoML Activity Diagram will be
given followed by more specific examples from tleme domain. Finally some

examples from the same class of diagram but iffareint domain will be presented.

5.3.1 UML Activity Diagram

Process diagrams represent stages in a procesg disierent basic shapes
linked by arrows indicating process flow.

The UML activity diagram (UMLAD) (AMBLER, 2001) maas high-level
business processes or the transitions betweers sthéeclass. Activity diagrams show
the flow of activities through the system. They &pically used for modelling a
single business process. Activity diagrams shose@uence of actions, processes,

activities.

5.3.2 Main Example

Figure 45 (AMBLER, 2001) presents the process obléng at the university
for the first time. This example will be used tosdebe and illustrate the application
of the GraSSML prototype to UML activity diagrams.

This activity diagram shows how someone new tauthigersity would enrol for
the first time. In summary, if your forms are catig filled out, then you can proceed
to enrol in the university. If your forms are nairiect, then you need to obtain help,
perhaps from a registrar, to fill them out corngchfter you are successfully enrolled
in the university, you must attend the mandatorgrerew presentation, as well as

enrol in at least one seminar and pay in at leasesof your tuition.
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Fill out enrolment
forms

| Incorrect]

Obtain help to fill
out forms

[Correcf |

Enrol in University

Accepted]
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S

Enrol in seminars

va
"\

Attend university
overview
presentation

Make initial tuition
payment

i [Rejected]

®

Figure 45: UML AD enrolling in the university for t he first time
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A. Stage 1: Ontology
Figure 46, Figure 47 and Figure 48 show respedgtitred class hierarchy, object
properties and datatype properties for the UML ¥Asti Diagram (UMLAD)

ontology.

SUBCLASS EXPLORER ]
For Project: @ FinalUMLAD _ortalogy

Azzerted Hierarchy ﬁ'n: té;: %

ol Thirmg
v O activity
0 Action
0 Final&ctivity
0 Intislactivity
. ActivityDiagram
0 avthor
0 Condition
. Decizion
. Fork
0 Jain
0 Label
0 synchronization
. Transition

Figure 46: Hierarchy of the Classes of the UMLAD Otiology

PROPERTY BROWSER PROPERTY BROWSER

For Project: @ FinalUMLAD _ortology For Project: @ FinalUMLAD_ortology

[ Object | Datstype | Arnotation | Al | [ Object | Datatype || Annotation || Al |

[ Object properties = ®% I Datatype Properties ol P& L

[ ADcompozedof I conditioniame

[ hazAuthar I date

[ haszlakbel I description

M he=SynchronizationFork I firztMame

[ hasSynchronizationdaoin I lahelTitle

[ hazTransition I [a=thlame

[ transtionCondition I makesLoop

[ transitionSource I name

[ tranzitionTarget I transitionHasCondition
I type

Figure 47: Object properties of the
UMLAD Ontology

Figure 48: Datatype properties of the
UMLAD Ontology
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B. Stage 2: Data model
The data model was created and modified using geodéthin the GraSSML
prototype.

C. Stage 3: Notational conventions
The following table (Table 7) describes the difféaresymbols in the UML

activity diagrams.

Initial Activity. This shows the starting point 6rst activity of

‘ the flow. It is denoted by a solid circle. It itpoint at which
you begin reading the action sequence.

The filled circle represents the starting pointtioé activity

diagram.

Final Activity: The end of the Activity diagram sghown by a
bull's eye symbol, also called a final activity.

The filled circle with a border represents the agdpoint. A
circle surrounding a smaller solid circle.

The rounded rectangle represents an action

Decisions: if a decision is to be made, it is degicby a
diamond, with the options written on either sidetled arrows
emerging from the diamond, within box brackets (see
[condition] symboal).

The diamond represents decision points. It coulk hmany
possible outcomes depending on the condition.

The rounded rectangles represent processes oitiastithat
[:] are performed.

Transitions: The arrows model the flow order betwvdke
— various activities.
' The arrows represent transitions between activities

Conditions: The text on the arrows represent cagt that
must be fulfilled to proceed along the transitionl @re always
described using the format “[condition]”

[Condition]

Concurrent Activities: Some activities occur simankously or
in parallel. Two activities can occur in parallehen no direct
relationship exists between them and they must latur
before a third activity can.

Such activities are called concurrent activitiesr Example,
listening to the lecturer and looking at the blamdta is a
parallel activity. This is represented by a hortabsplit (thick
dark line) and the two concurrent activities nexeach other
and the horizontal line again to show the end ef phrallel
activity.

The thick bars represent the start and end of fatsn
parallel processes.

The label at the top is composed of an approptitefor the
diagram and an identifier.
Title+ ID It may also contain a date and the names of tHeesut

Table 7: Symbols in the UML activity diagrams

138



The following key aspects of the conventions arfndd for this use case:

» There can be only oniaitial activity symbol on an activity diagram and
only onetransition line connecting the initial activity @n action. The
location of the initial activity can be anywherejthit is usual to place it at
the top left corner of the diagram.

* Every activity diagram should have at least onalfiactivity symbol to
show where the action sequence ends. Several dotality symbols are
allowed indicating different terminations in theio.

» Each decision point symbol will have multiple trdilos lines connecting it
to different actions. Each transition line involvieda decision point must
be labelled with a guard condition text which iways placed in brackets.
A guard condition explicitly says when to followtansition line to the
next action. A second approach to modelling denssis to have multiple
transition lines coming out of an action. As withctsions points, each
transition line involved must be labelled with aagiicondition text

» Activities which occur simultaneously or in paralége called concurrent
activities. These are represented by a fork which thick solid bar with
one transition entering it and several leavingnid @ join which is also a
thick solid bar but with several transitions emtgrit and only one leaving
it. For every start (fork) there is an end (join).

UML activity diagrams are usually documented withréef description of the
activity and an indication of any action taken dgra process. The ZineML elements
defined are presented in Table 8.
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Symbols Concept ZineML element| Attributes (default value)

id (no default value)
color (black)
visibility (true)
strokeColor (black)

. Initial Activity | <circle>

id (no default value)
visibility (true)

Final Activity <Dcircle> colorin (black)
colorOut (white)
strokeColorin(black)
strokeColorOut(black)

Action <Rbox> strokeColor (black)
labelColor (black)
labelVisibility (true)

id (no default value)
color (white)
visibility (true)
strokeColor (black)

Decision <diamond>

id (no default value)
C] color (white)
visibility (true)

id (no default value)

"
PR Transition <arrow> makesLoop (false)
from (no default value)

to (no default value)

Content of the
<arrow> element
if condition exist

[Condition] | =, ition

id (no default value)
color (black)
visibility (true)
strokeColor (black)

Fork or Join <thickBar>

Table 8: ZineML elements for the UML activity diagrams

D. Stage 4: Graphical representation
In the current GraSSML prototype the SVG code hesnbgenerated by the
ILOG JViews Diagrammer.
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E. Stage 5: Verbalisation model (Semantics)

This verbalisation template has been designeddakio account expert advice
on how to describe this type of diagram textualhd an audio. The following
template (Figure 49) extracted from (TAYLOR, 2008k)ved as a basis to express
the template for process diagrams.

This flow chart shows the [process/flow/...]

[Optional list of symbols or explain symbols used]

[Describe overall process from start to end points]

[Describe simplest path first, if necessary define subsections and relation to each other, then details of sub-sections.]

Figure 49: Template extracted from (TAYLOR, 2008b)

The following template (Figure 50) has been apptm@n XML intermediate
document extracted from the RDF data model to geéaehe textual representation of

the semantic of the UML Activity Diagram:

Semantic of the diagram

Link to the graphical representation of the diagram

General description

This UML Activity Diagram is entitled title

The author is Author information

The creation date is date

Description: Extra description provided by the author if exist

The activity diagram is composed of

List of objects composing the diagram (e.g. 6 Actions)

Detailed prose description

Description of the overall process represented in the diagram from start to end points
Detailed tabular description

Hierarchical data structure representing the UML activity diagram from start to end points

Figure 50: Verbalisation Model Template for UML Activity Diagrams

The verbalisation model has been developed as & X&nsformation on the
XML intermediate document retrieved from the datadel.
The resulting textual representation of the semarmif the diagram is shown

below (Figure 51, Figure 52 and Figure 53).
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Semantics of the diagram

See the graphical version of the Organisation chari

General description
Detailed prose description

Detailed list description

General description

This UML Activity Diagram is entitled Enrol at the University for the first time
The author is Zine BEN FREDJ
The creation date is 2008-11-29
Description: This activity diagram depicts the business logic for how someone new to the university would enrol for the
first time.
The activity diagram is composed of

= 1 Label

= 1 Starting Point

= 6 Actions

= 1 Decision Point

= 2 Parallel Processes Bars

= 1 Ending Point

= 13 Transitions

Figure 51: Textual representation of the semantic§General description section)

Detailed prose description

The process starts with the Action Fill out enrolment forms.

At this point a decision has to be made. Either decision 1 meaning the Action called Fill out enrolment forms is Incorrect or
decision 2 meaning the Action called Fill out enrolment forms is Correct.

1

[ ]

The Action Fill out enrolment forms is Incorrect.
If the Action Fill out enrolment forms is Incorrect then process the Action called Obtain help to fill out forms. After the
Action called Obtain help to fill out forms process the Action called Enrol in University. At this point a decision has to
be made. Either decision 1 meaning the Action called Enrol in University is Rejected or decision 2 meaning the Action
called Enrol in University is Accepted.
1. The Action Enrol in University is Rejected. If the Action Enrol in University is Rejected then process to the Final
activity, vou have reached the End of the activity.
2. The Action Enrol in University is Accepted. If the Action Enrol in University is Accepted then process the start of
the concurrent activities. There are 2 sets of concurrent activities
A Set of activities 1 process the Action called Attend university overview presentation.
B. Set of activities 2 process the Action called Enrol in seminars. After the Action called Enrol in seminars
process the Action called Male initial tuition payvment.
Process the end of the concurrent activities. After the end of the concurrent activities process to the Final activity,
vou have reached the End of the activity.

. The Action Fill out enrolment forms is Correct.

If the Action Fill out enrolment forms is Correct then process the Action called Enrol in University. At this point a
decision has to be made. Either decision 1 meaning the Action called Enrol in University is Rejected or decision 2
meaning the Action called Enrol in University is Accepted.
1. The Action Enrol in University is Rejected. If the Action Enrol in University is Rejected then process to the Final
activity, vou have reached the End of the activity.
. The Action Enrol in University is Accepted. If the Action Enrol in University is Accepted then process the start of
the concurrent activities. There are 2 sets of concurrent activities
A Set of activities 1 process the Action called Attend university overview presentation.
B. Set of activities 2 process the Action called Enrol in seminars. After the Action called Enrol in seminars
process the Action called Male initial tuition payvment.
Process the end of the concurrent activities. After the end of the concurrent activities process to the Final activity,
vou have reached the End of the activity.

[ =]

Figure 52: Textual representation of the semantic{Detailed prose description section)
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Detailed list description

+ START initial activity

» Action Fill out enrolment forms. At this point a decision has to be made, select one of the 2 following options

Fill out enrolment forms Incorrect or Fill out enrolment forms Correct
1. Action Fill out enrolment forms Incorrect
m Action Obtain help to fill out forms
m Action Enrol in University
m Decision Point. At this point a decision has to be made, select one of the 2 following options Enrol in
Untversity Rejected or Enrol in University Accepted
1. Action Enrol in University Rejected
m Final activity, vou have reached the End of the activity.
2. Action Enrol in University Accepted
m Start of the concurrent activities. There are 2 sets of concurrent activities
A Set of activities 1
m Action Attend university overview presentation
B. Set of activities 2
m Action Enrol in seminars
m Action Make initial tuition payment
m End of the concurrent activities
m Final activity, vou have reached the End of the activity.
2. Action Fill out enrolment forms Correct
m Action Enrol in University
m Decision Point. At this point a decision has to be made, select one of the 2 following options Enrol in
University Rejected or Enrol in University Accepted
1. Action Enrol in University Rejected
m Final activity, vou have reached the End of the activity.
2. Action Enrol in University Accepted
m Start of the concurrent activities. There are 2 sets of concurrent activities
A Set of activities 1
m Action Attend university overview presentation
B. Set of activities 2
m Action Enrol in seminars
m Action Make initial tuition payment
m End of the concurrent activities
m Final activity, vou have reached the End of the activity.

Figure 53: Textual representation of the semantic{Detailed list description section)

F. Stage é: Verbalisation model (Structure)
The resulting textual representation of the stmgctof the diagram is shown

below (Figure 54, Figure 55 and Figure 56).
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Structure of the diagram

See the graphical version of the Organisation chart
General description

Detailed prose description

Detailed list description

General description

+ This UML Activity Diagram is entitled Enrol at the University for the first time
+ The author is Zine BEN FREDJ
* The creation date is 2008-11-29
+ Description: This activity diagram depicts the business logic for how someone new to the university would enrol for the
first time.
+ The activity diagram is composed of:
= 1 circle
= 1 double circle (circle smrrounding a smaller black solid circle)
= 6 rounded boxes (box with rounded corner)
> 1 diamond
= 2 thick bars

e 13 arrows

Figure 54: Textual representation of the structure (General description section)

Detailed prose description

START. This activity diagram starts with a circle .

The circle is connected to a rounded box labelled Fill out enrolment forms by an arrow. The rounded box labelled Fill out
enrolment forms is connected to 2 shapes

1. The rounded box labelled Fill out enrolment forms is connected to the rounded box labelled Obtain help to fill out forms
by an arrow labelled [Incorrect] . The rounded box labelled Obtain help to fill out forms is connected to the rounded box
labelled Enrol in University by an arrow. The rounded box labelled Enrol in University is connected to the diamond
{Decision_Pointl) by an arrow. The diamond (Decision_Pointl) is connected to 2 shapes

1. The diamond (Decision Point1) is connected to the double circle END by an arrow labelled [Rejected]
2. The diamond (Decision_Pointl) is connected to the thick bar (S1Fork) by an arrow labelled [Accepted] . The
thick bar (5 1Fork) is connected to 2 shapes
1. The thick bar (S1Fork) is connected to the rounded box labelled Attend university overview presentation
by an arrow. The rounded box labelled Attend university overview presentation is connected to the thick
bar (S1Join) by an arrow. The thick bar (5 1Join) is connected to the double circle END by an arrow.

. The thick bar (S1Fotk) is connected to the rounded box labelled Enrol in seminars by an arrow. The
rounded box labelled Enrol in seminars is connected to the rounded box labelled Make initial tuition
payment by an arrow. The rounded box labelled Malke initial tuition payment is connected to the thick bar
(S1Join) by an arrow. The thick bar (51Join) is connected to the double circle END by an arrow.

2. The rounded box labelled Fill out enrolment forms is connected to the rounded box labelled Enrol in University by an
arrow labelled [Correct] . The rounded box labelled Enrol in University is connected to the diamond (Decision Point1)
by an arrow. The diamond (Decision_Pointl) is connected to 2 shapes

1. The diamond (Decision Point1) is connected to the double circle END by an arrow labelled [Rejected] .
2. The diamond (Decision Pointl} is connected to the thick bar (S1Fork) by an arrow labelled [Accepted] . The
thick bar (S1Fork) is connected to 2 shapes
1. The thick bar (S1Fork) is connected to the rounded box labelled Attend university overview presentation
bv an arrow. The rounded box labelled Attend university overview presentation is connected to the thick
bar (S1Join) by an arrow. The thick bar (51Join) is connected to the double circle END by an arrow.

. The thick bar (S1Fork) is connected to the rounded box labelled Enrol in seminars by an arrow. The
rounded box labelled Enrol in seminars is connected to the rounded box labelled Make initial tuition
payment by an arrow. The rounded box labelled Make initial tuition payment is connected to the thick bar
(S1Join) by an arrow. The thick bar (S1Join) is connected to the double circle END by an arrow.

[ =]

[ ]

Figure 55: Textual representation of the structure (Detailed prose description section)
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Detailed list description

+ START circle

» rounded box Fill out enrclment forms, 2 arrows.

arrow [Incorrect] or arrow [Correct]
1. arrow [Incorrect]
m rounded box Obtain help to fill out forms
m rounded box Enrol in University
m diamond (Decision Pointl) | 2 arrows. arrow [Rejected] or arrow [Accepted]
1. arrow [Rejected]
m double circle END
2. arrow [Accepted]
m thick bar (S1Fork) . 2 arrows. arrow 1 or arrow 2
1. arrow 1

m rounded box Attend university overview presentation
m thick bar (S1Join)
m double circle END

2. arrow 2
m rounded box Enrol in seminars
m rounded box Make initial tuition payment
m thick bar (S1Join)
m double circle END

2. arrow [Cotrect]
m rounded box Enrol in University
m diamond (Decision Pointl) , 2 arrows. arrow [Rejected] or arrow [Accepted]
1. arrow [Rejected]
m double circle END
2. arrow [Accepted]
m thick bar (S1Fork) ; 2 arrows. arrow 1 or arrow 2

1. atrow 1
m rounded box Attend university overview presentation
m thick bar (S1Join)
m double circle END

2. arrow 2
m rounded box Enrol in seminars
m rounded box Make initial tuition payment
m thick bar (S1Join)
m double circle END

Figure 56: Textual representation of the structure(Detailed list description section)

G. Stage 7: Query systems
s Textual query system
Figure 57 shows the selection of the query “Trazddgagram From ... To.".

from the view mode interface.
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B GraSSHML UMLAD Yiew Mode

Textual Presentation

Structure Semantics
Graphical Presentation
SVG SVYG Smart Diagram
Query System

1 General Information Search

! Get Elements of Type...

(@ Traverse Diagram From... To...

Figure 57: Textual query system from View mode intdace

Once the query is selected, the user is requirexpeéaify the “from” and “to”
options from the appropriate combo boxes (Figure BBe choices presented in the
combo boxes are extracted from the data model. ®uknique is used to avoid
possible mistakes while entering the values. The# oan select the check box “Step
by step” if he wants to follow the process of tnaweg the diagram step by step.
While traversing the graph, if different paths possible, the user would be requested
to select one possible option via a dialogue boxhis example the option “Fill out
enrolment forms is Correct” has been selected (Eigi8) and the option “Enrol in
University” is Accepted has been selected (Fig@k Bhe final result is presented in
Figure 60. The whole process has been implemersiaed $SPARQL to query the data
model containing the information of the diagram.
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Traverse Graph From

From |Initial Acthaty -
To |Final Activity

[] Step by step Traverse Diagram

Initial Activity

Fill out enrolmant forms Decision time: Select an Option

A decision has to be made

Select from the following list
Fill out enrolment forms is

MHame Type |n]
Initial Activity InitialActivity Initial_a
Fill out enralment forms Action Foef

Cancel

Figure 58: Completing selection of an option

Traverse Graph From

From |Initial Activity -
Ste) stey Traverse Diagram
To |Final Activity v Listen by step
Initial Activi
Fill aut enrg:ment forms Decision time: Select an Option
Ciecision made: Initial Activity Correct -
Enral in University A decision has to be made
Select from the following list
Enrol in University is
Accepted | b
Rejected
Mame Type 10
Initial Activity InitialActivity Initial_a
Fill out enrolment farms Action Foef
Decision made: Initial Activity Co...
Enrol in University Action Eiu
Cancel

Figure 59: Selecting option for “Enrol in University”
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Traverse Graph From

From | nitial Activity B i N
To |Final Activity ] [ Step by step raverse Diagram

Initial Activity

Fill aut enralment forms

DCiecizsion made: Initial Activity Correct
Enrol in University

Decision made: Enral in University Accepted
™ START of 2 concurrent sets of activities
+5et of Activites 1 Starts

witend university overview presentation
+8et of Activites 1 Ends

+5et of Activites 2 Starts

Enral in seminars

Make initial tuition payrnent

[»

4]

Mame Type 1D
Initial Activity InitialActivity Initial_a -
Fill out enrolment forms Action Foef
Decision made: Initial Activity C...
Erral in University Action Eiu

Decision made: Enrol in Univer...
" START of 2 concurrent sets of ...
+5et of Activites 1 Starts

Attend university overview prese. |Action Auop
+8et of Activites 1 Ends
+5et of Activites 2 Starts
Enrolin seminars Action Eis

4]

Cancel

Figure 60: Result of query “Traverse Graph from ...To ..."

% Graphical Smart Diagrams

Two examples are illustrated. In the first examffle query “Show me all
elements of type.".is selected. A dialogue box is displayed waitfogthe type to be
selected from a list (Figure 61). The type “Actyits selected. The results are shown
in Figure 62. In this example, access to the datalehas well as access to its
corresponding ontology plays an important role. ©h&logy holds some inference
rules which are used by a reasoner to make infeselon the data model. This
mechanism allows “recognition” by making impliaiformation explicit (BROWN et
al., 2004). Using the Jena inference model andOW4. ontology reasoner, in this
specific query, since action, initial activity afidal activity are defined as sub-classes
of activity, they are inferred as being activiti@he result presented in Figure 62

reflects this result as the correct elements aykligihted.
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What is it?

General Information

Show me all elements of Type
Show me Path to Final Activity From..

Close Menu

Fill out enrol
forms

Select a Type

Enter the Type
It can only he one of the following

IFinalActivity
Decision
[Fork

Woin
[Transition

4]

I:c:epted]

Figure 61: Selection of Query “Show me all elementsf Type...” with option selected

“Activity”

Figure 62: Results of the query “show me all elemés of type Activity”
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The second example is the same query describeithdaiextual query system.
From the menu presented in Figure 63, the querpwShme path to final activity
from...” is selected with the option “Initial activity”. e path from the initial activity
to the final activity is traversed interactivelying information provided by the user
when needed. The same decisions are selected asethieusly presented example.
Figure 64 shows the results of the query executed.

‘ What is it?

General Information
Show me all elements of Type ...
Show me Path to Final Activity Frc

Fill gut
 Close Menu

Select an initial activity

tain help to fil
Select the initial activity out forms

It can only be one of the following

Fill out enrolment forms

IFill out enrolment forms
[Obtain help to fill out forms

iAttend university overview presentation
[Enrol in University

Enrol in seminars

IMake initial tuition payment

Final Acthity
Initial Actiity l—

Enral in seminars

Alend university
avrview
presentation

Make initial twition
payment

Figure 63: Selection of Query “Show me Path to Findctivity From...” with option

selected “Initial Activity”
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Figure 64: Results of query “Show me Path to Finalctivity From ...”

H. More examples

This section explores other examples of the same ¢y diagrams in the same
domain. A full description of each will not be prded but specific aspects which
need to be tailored are described. The UML Actiwdiggram ontology could be
extended to include other concepts such as subradivimlanes, other resources,
etc. All of these features can be implemented hewethere is much work ahead
before eventually reaching a full implementatiomgdiant with the UML Standard.
% UMLAD with Different notational conventions

Figure 65 describes the bowling activity. From tAivity diagram, you can
get the information needed by an animation showanndomeone made a strike.

In this case only the notational conventions atdtracture level needs to be
changed. This involves changing the colour of fralml representing an action from
white to green and changing the colour of symbptesenting a decision point from

white to red.
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knocked out pins

v

Calculate the score

[Strike] )[ Show an animation ]
[Mon-Etrike]

Display the Score

T

Figure 65: Activity Diagram example “bowling”

[ Calculate numbers of ]

Because of time constraints, in the current GraSShihtotype the XSLT
transformations needed to apply the notational entions are hand coded, so such
modifications require the manual modification of #ppropriate information.

One could easily create a tool to automaticallyegete the transformations
from a set of defined requirements. Such a tooll&v@llow the user to map the
concepts and relationships in the ontology to themrresponding notational
conventions. Such a tool would essentially be #etalhere the user would enter the

notational conventions expressed in ZineML fortladl concepts and relationships.

% Sub-action extensions

In an activity diagram, activities can be nestetlisTinvolves some actions
referring to another activity diagram showing th&ernal structure of that action. Two
notational conventions are possible: represenindsted activity diagram inside the
action (Figure 66) or represent an external agtigiagram inside the action (Figure
67).

This involves changes in both the semantic level the structure level. At the
semantic level the ontology should reflect thisdkof construct. This could be done
by defining an action as either simple or compo#edefined as composed the action

could itself refer to another activity diagram d#siag it.
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At the structure level, some modifications wouldreguired depending on how
the nested activity diagram is to be representedested or external representations.

For both cases, the notational conventions wouddi e be updated.

e
'

DoSomething \

Something1

Figure 66: Nested activity diagram example

Choose Menu

Choose menu item

ConfirmOrder.activity* CreateOrder.act...

act ConfirmOrder
Provide payment
. > details

Provide shipment
details

Confirm Order I+|

Figure 67: Example of sub-activities

s Importing Activity Diagrams from StarUML using XMI

This example illustrates the generation of a dataleh of a UML Activity
diagram created using a software modelling toolexgbrted in XMl to be integrated
within GraSSML.

The XML Metadata Interchange (XMI) is an Object Mgement Group
(OMG) standard for exchanging metadata informatida Extensible Markup
Language (XML). Its most common use is as an ih@nge format for UML models.
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The StarUML project is an open source UML projectevelop a fast, freely-
available software modelling tool and platform. kiStarUML, it is possible to
import as well as export XMI 1.1. UML 1.3.

StarUML (Figure 68) was used to create a UML Atyivdiagram named
“Jukebox”. Once created, the diagram was exporte¢M|. Based on the information
in the XMI exported, a data model conforming to th®LAD ontology defined
within GraSSML has been generated.

The transformation uses a set of templates, majdhi@ appropriate XMI tags
to create the necessary RDF resources for eacheofdtagram concepts. The
stylesheet concatenates the UMLAD ontology direictty the RDF and the instances
created conform to the previously created ontolddye generated OWL file can be
opened in Protégé successfully.

StarUML - JukeBoxExample.uml [WEE
File Edt Format Model Wiew Tools Help -

DEE&| &8 oo BEE B R, o -8 & [@|[F.

=R

Gt SubactivityState

rams
[ Collaboration Disgrars

® InitilState + [ €allaboration Diagrams (Role)

Customer walks up to Juke Box

@ Finalstate ] Statechart Diagrams
3] Synchronization = [ Activity Diagrams
<> Derlsi e
<3 Dedsion

@ Flow Finsl Main Juke Box menu shown
-] Object Flow

= Signal Accept State:

> Signal Send State

Qustgier Wahts ko Gefeic Wik Customer does not Want ko Select Music

{3 Diagram Explorer b
‘Sang selection menu shown Dialog shown for retrieving personal playlist
|attachments oax

o
Custwmer selects sungD G\Jstumer enters ik into playl\sD
(P\ay List is Received and Displayed )
Has Cash Has Cell Phane
Has Crepdit Card | Sl —
- > [ attachments 4 b

Modfied (UMLActivity Diagram) ::Design Madel:: ActivityGrapht : Activity DiagramL

Figure 68: StarUML example “Jukebox”
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5.3.3 Process diagrams in different domains

Activity diagrams are very similar to Flowchart giams (Figure 69): system
flowcharts, program flowcharts, document flowchaltgic flowcharts and process
flowcharts. They represent processes or algoritbsisg shapes linked by arrows
which, as for UML activity diagram, indicate flow§hey are used in many different
fields (e.g. computing, business), varying in tewhaotational conventions (different
shape in different colours) to analyse, designdoaliment processes.

The three following figures present three differemxamples of flowcharts
(Figure 69, Figure 70 and Figure 71).

Do | want 1o do
this? g
YES

In disaster?
YES

NO Wil It make & YES
good story Dot
anyway?

Don't Dot

Figure 69: A simple flowchart example

Is it No No
Important?
es

Yes

Yes

Figure 70: Another example of a flowchart with different notational conventions
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Print F
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END

Figure 71: Example of a flowchart for computing fat¢orial N (N!)

As can be observed, different symbols are emplo8edhe are similar to those

explored in the UML Activity diagram use case amns depend on the type of

flowchart represented.

Start and end symbols can be represented by eitickes or rounded rectangles

labelled “Start”, “End” or using a short sentenodicating either the start or end of

the process. The flow of control is representedrasrrow between the symbols and

decisions are also represented as diamond symbifferent symbols such as

cylinders, parallelograms or rectangles with wasgéare also introduced.

GraSSML could be applied to such diagrams but itldioequire a formal study

of the different conventions to create a suitalsi®lmgy.

The main differences are:

Ontology definition

Notational conventions, nothing major

The ZineML language will need to be extended whiga hew shapes
Verbalisation model: Depending on the type of flohart selected, the
implementation of the verbalisation template wiled some modification
in the traversal of the graph defined by the dataleh But the structure of
the verbalisation model itself does not have tartwglified as it applies to

all process diagrams.
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5.4 Conclusion
The GraSSML prototype has demonstrated that theS&vH. conceptual

approach is sound.

This chapter has described how the GraSSML conakpipproach has been
concretely achieved using web technologies andstashilable. It gave a concrete
view of one possible realisation of the approach ibwould be relatively easy to
replace the current set of technologies with attves of similar functionality. It has
been shown how the approach could integrate withesexisting powerful tools to
generate diagrams. ILOG is a good example of sualh t

This chapter has demonstrated the applicabilityhef GraSSML conceptual
architecture through the GraSSML prototype for:

» the hierarchical class of diagram, more specifjg@rganisation charts.
» the process class of diagram, more specifically LUAdtivity diagrams.

It has also demonstrated what would be requireapfy the approach to other
hierarchical diagrams or process diagrams in diffeapplication domains.

All the use cases presented in this chapter indotlie creation of an ontology
or minor amendments of a pre-existing ontology Whiovolved a certain amount of
time and effort. As mentioned in Chapter 4 sectdof.1, the possible use of pre-
existing ontologies is an important aspect and ohée key benefit of using the
GraSSML approach.

The following chapter presents a different use calsieh takes advantage of
this benefit. The implementation of a differentssaof diagram “Charts” (financial
charts) have also been developed but by a thiny.paxdeed an external user of the
system has assessed the viability of the approgckxtending the system for a

different class of diagrams.
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Chapter 6

Evaluation: An Author’s Perspective

Olivier BRAECKMAN, an MSc Student, independentlyppéied the GraSSML
approach to a different class of diagrams “chaits’the finance application-domain
(“financial charts”). Examples of this class of giam are Column charts, Bar charts,
Pie charts, Line charts and Scatter charts.

Having a computing and business background, heneléfa research project
aimed at developing accessible financial reports.

The first step of his project involved some reskam both financial reporting
practices and existing graphic accessibility apginea. It was decided at this stage to
introduce him to the GraSSML conceptual architectyy explaining to him the ideas
behind the approach and demonstrating the workiotpfype developed for process
and hierarchical diagrams.

Even though, Olivier BRAECKMAN's research projedtnad at exploring the
possible enhanced accessibility features GraSSMlldcoffer in order to produce
accessible charts, this evaluation is intendedsess the viability and applicability of
the GraSSML approach rather than evaluating thessdaility of the charts obtained.

The principle aim of this evaluation was to asgbssunderstanding, viability
and the applicability of the GraSSML approach tdifferent class of diagrams (in
this case “charts”) in a different domain (“finaalcreporting”) by a third party. It
assesses whether the methodology is sound andbleekmough and well enough
defined for somebody else to apply it with minimumervention and it also shows
what is involved for somebody else applying it.

The application of the methodology has been telsye@livier BRAECKMAN
during a double blind trial in which he, alone, fpemed the data gathering,
processing and recording as well as an initial y@al After which the results and
data obtained were analysed, interpreted and eealdar the purpose of the thesis.

After two initial sessions, of four hours each, lexping and demonstrating the
approach, Olivier was left to reflect on his praojend the possible approaches which
could be applied to address them. Olivier decideduse GraSSML to create

accessible financial reports especially accessihirts. This chapter describes the
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evaluation that was carried out and the main pooudsacerning the GraSSML
Financial Chart Project (GraSSML FCP) authoringcpss.

6.1 Introduction

6.1.1 The GraSSML FCP project

For a full description of the project, see (BRAECKNM, 2008).
The initial analysis has been carried out by Otivie

A. Financial reporting practices and standardisation

Financial reporting, which is a formal report ofbasiness financial activity
provides essential information to assess the heélhbusiness.

It is used by various users for different purposesh as investors who want to
make sure of the security of the investment, bavitks want to insure loans could be
repaid, tax authorities to check if declarations authful, employees to check the
situation of the business they work for, etc. Théimation is presented in a
structured manner using four basic elements: Balastteet, Income statement,
Statement of retained earnings and Statement bfftass.

Over time each country has developed their own tjpes; making the
comparison of international companies a tricky taskt involved a certain amount of
guidelines and rules (Generally Accepted Accountmigiciples (GAAP)) to make it
possible. It is in that context that the Internasib Accounting Standards Board
(IASB) triggered the development of the InternasibRinancial Reporting Standards
(IFRS) which have been adopted by many countrigs (($5A, EU, and Canada).

Such standards are seen as an opportunity forabelapment of generic tools
to generate and communicate financial informatlbrs in that perspective that since
1998 XBRL (eXtensible Business Reporting Languag@RL, 2007) which is an
open data standard for financial reporting, hashbdeveloped by an international
consortium. Its aim is to create financial repavtich are computer-understandable
and in which the information can be accessed aed tatelligently’ (recognised,
selected, analysed, stored and exchanged).

Financial charts are an integral part of thesentemnd are an important aspect
of such reports. They are usually generated usimegad the following mostly used

software: SPSS, Microsoft Excel or OpenCalc.
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These charts are seen as an important part ofrepcints for reasons that have
already been acknowledged in Chapter 2. Even thdughacknowledged that these
charts cannot contain all the information availaibldinancial reports, they play an
important role in conveying important informatiom ian understandable way,
allowing non specialised persons to gain a mininaagess to the information.

These financial reports aim at being an importaniree of information for
various persons in various situations and for weriaeasons. Therefore the
information they present should be relevant, rédialunderstandable and most
importantly accessible as it can be accessed bgs Uusgving different needs and

preferences (e.g. language, device, situationbilitsa etc.).

B. Accessibility issues

Currently financial reports are mostly presentedgi$wo formats: HTML and
PDF. Although these formats offer accessibilitytdeas, they can be accessible only
if authored with accessibility in mind. In finantieeporting different accessibility
issues can be identified, but these are not prtpénancial reporting but are linked
to the authoring of documents in different formatech as PDF or HTML, the
acknowledgment and respect of the available adubBsiguidelines and the
considerations given to user’'s preferences and snfladguage, disability, devices
used, etc.). The accessibility of financial chavtsch is a type of diagram has been

presented and discussed at length in the Chapter 3.

6.1.2 Objectives of the GraSSML FCP project

The first stage of this project involved some reslean the exploration and
analysis of different existing approaches whichldamprove the accessibility of
financial reports. Following this analysis, Olivieas decided to apply the GraSSML
approach to the identified problem that is the asitility of well-defined financial
charts in financial reporting.

Olivier choose to apply GraSSML to financial regom order to represent
“financial charts” in a way that it is possible teason and enquire over the
information they carry thus making them more pesakie, operable and
understandable and, as a result, enhancing theessibility.

The objective of the project was an attempt to maprthe financial reporting
practises by creating automated ways of generaimd) processing the financial
information available in such reports respecting éxisting standards. A “proof-of-
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concept” prototype applying the GraSSML concepéurahitecture into the generation
of the most commonly used chart in financial repgrtwas achieved. The
methodology followed is presented in the followsegtion.

Due to the complexity of the IFRS which requiregaat amount of knowledge
to make fully accessible financial reports, it vaexided by Olivier to focus on three
commonly used types of charts: pie charts, coluomast and bar charts, all generated

based on a single sample balance sheet expres &mRin.

6.2 Evaluation methodology

Different steps were involved in the evaluationgass for the applicability of
the GraSSML approach to financial charts. Reguleetings were set up with a view
to observing Olivier’s understanding and applidapf the GraSSML approach.

Before starting the evaluation, Olivier researchedsting approaches into
making graphics accessible (iGraph, TeDUB, SVG aimmation and GraSSML, all
of these have been presented in Chapter 3 secfid?).3

It was important at this stage, for the succesh®kvaluation, to make sure that
Olivier had an understanding of the main ideas rmklthe GraSSML approach, its
applicability context and its limitations. To achéethis, an interview was carried out.
Olivier was asked about the different approachssarched and their differences with
GraSSML. It was noticed that some clarification wasded during the discussion.

From the interview it was judged that Olivier haairged an understanding of
the main ideas behind GraSSML. To illustrate hislaretanding of GraSSML, he
made a remark related on his understanding of XBRhe idea behind GraSSML is
similar to the one behind XBRL, instead of treatgrgphical information as a set of
pixels or geometric objects; GraSSML identifiesteatthe concepts represented and
their relationships to each other. This informatisn made available so that a
computer can make sense of it and perform differ@tions such as search,
inferences, etc. and then generate an appropregieesentation of it in a certain
modality”.

Even though the main ideas were grasped by Oliienyvas still not very sure
about the roles of all the different levels of aastions (semantic, structure and
presentation), especially the structure level. Haswalso worried about the
applicability of GraSSML to financial chart accdskiy and the selection of

appropriate web technologies to implement theselde\But he was reassured and
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introduced to the next step of the evaluation whitbolved the applicability of
GraSSML in different stages: the GraSSML concepauwahitecture (Figure 12) and
as well as the GraSSML system architecture (Figdie

A. “Initiation” Study of the field of interest

The first stage involved a study of the field thea&SML approach applied to,
in this case financial reporting. Indeed, a ceramount of information is needed in
order for GraSSML to handle a new class of diagrathis specific field.

Having identified the class of diagram “charts’isthinitiation” phase aims at
collecting essential information to be used to folate the four aspects needed to
apply GraSSML.:

1. The Ontology

2. Notational conventions

3. Verbalisation model Templates
4. Query definitions

A certain amount of domain knowledge is essentigharticular for the choice
of minimal information needed (“primary resourcesthoice of the appropriate
vocabulary, choice of the most commonly neededigsi€not exhaustive just needed

to check the reliability of the ontology formulatio

B. Applying GraSSML
After the initiation stage, the process of applyihg GraSSML approach to

financial reporting took place. This stage invalwbe different stages presented in
Chapter 4 which were presented to Olivier in thenfef a document accompanied by
its graphical representation. It was mentionedha stage that the basic model of
GraSSML does not depend on specific technologiddfaat this choice is open to any
modification. The seven stages that have alreadn lsescribed Chapter 5 are
summarized as follows:

» Stage 1: Ontology

» Stage 2: Data model

» Stage 3: Notational conventions

» Stage 4: Graphical representation

» Stage 5: Verbalisation model (Semantics)

» Stage 6: Verbalisation model (Structure)

» Stage 7: Query systems
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6.3 GraSSML FCP

6.3.1 Class of diagrams: “Charts”

This class of diagram mainly encodes quantitatifermation. Charts describe
data using symbols (bars, slices, lines, points) end text (symbols label, title, axis
labels, legends, etc.). Different types of chaxisteeach providing a different way of
representing a set of data (chart: bar, pie, cojuma, scatter chart). Depending on
the type of chart used according to the type o tlabe represented, a certain amount
of meaningful information can be extracted as s&mds of charts are more useful
for presenting a given set of data than others.tfk@icontext of this project the three
most commonly used charts used in financial repgrivere selected: bar (Figure 72),
column (Figure 73) and pie (Figure 74) charts.

There exist different variants of bar/column claartl pie chart such as clustered
column chart, stacked bar chart, exploded 3D patchPie of pie chart, etc. Many
other type of charts are part of this class of @iagsuch a line charts, scatter charts,

bubble charts (which are a type a scatter chda), e

A. Bar / Column charts

Bar charts and column charts are charts in whidh dalues are represented
using bars lengths which are proportional to thgragented value. They differ in
terms of notational conventions, in a bar chag,lihrs are presented horizontally and
in a column chart the bars are presented verticéliey are often used to compare
relative quantities over a certain period of tinrerepresenting different categories.

Text and colour can be used to add informatioméont
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Current Liabilities (CompanyA2003-12-31)

Accrued Compensation
Cther Liakilities
Incom e Taxes Payable

Unearned Revenue

Accourts Payable

I
I
I
[u]

5172

Figure 72: Bar Chart Example

Current Liabilities (CompanyA2003-12-31)

Figure 73: Column Chart Example

B. Pie charts
Pie charts are used to illustrate percentagessepted as sectors. Each sector is

proportional to the quantity it represents out lod total quantity represented by the
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entire pie. Text can be used to label the sectimmmsjide legends and a title. Different
colours can be used to differentiate the sections.

Current Liabilities (CompanyA2003-12-31)

[] Accrued Compensation - 7.65%
[ ] Cther Liabilities - 0.76%
[ Income Taxes Payable - 44.96%

[] Unearned Revenue - 6.28%
[] Accounts Payable - 16.69%
I Accrued Wages - 23.64%

Figure 74: Pie Chart Example

6.3.2 The GraSSML FCP approach

Figure 75 shows the GraSSML FCP conceptual ardhieaerived from the
GraSSML conceptual architecture (Figure 12). At tsieucture level FGML
(Financial Graphics Markup Language), based onMlnehas been introduced. This
XML based language is based on the ideas behinditieML language presented in

Chapter 4 aiming at capturing the structure betheddiagrams.

Resource Description Framework graph, Ontology )

Data Modei

Semantic level
L T r—— Data Model {0 FGML D = = = = = = — — = =
epresentation

Textual Textual Graphical Other
Representation Representation Representation Representations

Presentation level: Accessibility

Figure 75: The GraSSML FCP Conceptual Architecture
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Accessible financial charts were generated basadformation retrieved from
a created sample of a Balance sheet (Figure 7&essgd using the XBRL open
standard. The decision to use XBRL was based aniisipated success in financial
reporting but the source of the information couéé also been extracted from any
other properly defined language.

A study and an understanding of the XBRL reporbteomy were essential for
the creation of this balance sheet sample. Theilplisss of using such a standard
within the GraSSML approach demonstrates the ipenability advantages of XBRL
as well as the flexibility GraSSML offers. Fromdhstudy of XBRL a basic XBRL
taxonomy tailored to the needs of the project heenkcreated using XML Schema.

The sample balance sheet instance document wasrisaied using this taxonomy.

Balance Sheet - Company A
Unit Ref: EUR 240z 203 0
Assets 376 384 337 384 261 834
_________ Current Assets 7o 7a4 T2 o4 52 500
Cash 20 0g0 29 000 20000
frvestments 4000 35 000 28000
frvantories 8000 7000 & 000
Accounts Receivabie 2700 2700 2000
Pre-FPaid Expehses 1 684 G4 1000
Oithar 2000 1.000 500
Fixed Assets 295 500 264 500 201 B84
FProperty And Equipment 254 000 225000 165 000
Leasehold lmproverents 2800 2800 2000
Equty And Other Improverments 34500 33 500 30 500
Accurmulated Depreciation 4500 3500 31584
Foochull F 100 00 Gal
Liabilities And Stockholders Equity 376 384 337 384 261 834
IO I LR L RO ..., 1| OO, ... 1 ponpn 110 L OO
Accounts Payabla 25.000 24000 20000
Accried Wages 35 00 34000 20000
Accrued Cormpansation T2000 000 10000
Incorme Taxes Payable £5 650 a4 620 S0 000
Unearnad Revenye 5030 g 330 0000
Oither 4100 F400 900
...... L L RS RTS  ; JRORIRT .. OO . 1|
Morgage Payable af 604 20 604 28500
frvestrment Gapital 185000 63 000 100 000
Accumulated Retatned Eamings 10000 1000 T 454

Figure 76: Balance Sheet Example Used
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Figure 77 shows the GraSSML FCP system architeg@genting the specific
web technologies selected by Olivier at the diffiérstages of the application. Note
that stage 6 (section 6.2B) which relates the aleshtion model of the structure of
the diagram was not achieved during the evaluation.

XSLT

«__‘Q&,,

OWL Ontology RDF

.1
(=]
““m
=

=

ML
Retrieved
Information

—ll]

X5LT

| f—22
5

Textual
Query
System
XHTML
Smart Diagram Semantics

Figure 77: The GraSSML FCP System Architecture
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6.3.3 Semantic Level

A. Stage 1: Ontology

This stage was a challenge for Olivier as it wasfitst time he had to create an
ontology. The paper entitled “Ontology Developm#01: A Guide to Creating Your
First Ontology” (NOY and McGUINNESS, 2000) was giv® Olivier for guidance.
He found it very useful in the process of creatigontology for financial reporting.
The study of the XBRL taxonomy as well as the ust#rding of the paper provided
allowed Olivier to proceed with the creation of aistology using the ontology editor
Protégeé.

The concepts and properties of these conceptsreeqtor the creation of the
ontology were identified and organised appropnatelto classes and subclasses
(Figure 80). Apart from the concepts expressedhenpreviously defined taxonomy
extra concepts (context, unit and creation) wededdo the ontology.

Figure 78 shows the different datatype propertieBndd and Figure 79 the
different Object properties.

PROPERTY BROWSER PROPERTY BROWSER

For Project: @ finalont For Project: @ finalOnt

(OReE| Detetyre [IARRGRRORT AT [ Ohject | Datatype | Annctation | Al |

M Datatype Properties mh T K% [ Object properties %
B crestionDate [ accountedin < accountsFor
B crestor [ accountsFor <—> accountedin
B erity | haanrlte:d. —F |.chur|te:dOf
B label 1| .hasLInrt 3 fzUnitOf
B name | !sCDrltextOf — ha-sCDntext
. period [ i=UnitDf «— haslni
M value

Figure 79: Object properties of the
Figure 78: Datatype properties of GraSSML FCP Ontology

GraSSML FCP Ontology
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& finalort

vl Thing
v Lzsets
Y CurrentAssets
AccourtsReceivakle
Cash
Inventaries
Investments
Ciher
PrePaidExpenses
k J Fixedtszets
AccumulatedDepreciation
Equity &ncdCtherimprovements
Leaseholdimprovements
PropertyAndEquipment
k J Ctherfssets
Goodwill
Contexdt
Creation
v Totallisbilities &ndStockholder sEcguity
Y CurrentLizbilties
AccourtsPayable
AccruedCompensstion
Accruedages
IncomeTaxesPayable
CtherLiabilties
UnearnedRevenue
4 LongTermLiskilties
MortgagePayable
Y CreniersEcuity
AccumulatedRetainedEarnings
InvestmertCapital
Uit

Figure 80: Hierarchy of the Classes of the GraSSMIECP Ontology

B. Stage 2: Data model

At this stage the whole financial report was encbidéo the data model making
the semantics of the whole report, and not onlyctherts’ semantics, accessible. The
information contained in the financial report wastracted from its XBRL
representation using an XSLT transformation. Tha daodel obtained respected the
defined ontology. A data model holding only the setits of the chart to be
generated was created. It is a sub-data modeleodlata model. This sub-data model
was very important in the GraSSML approach. Itsteonis relied upon at the
structure and presentation level of the GraSSMLceptual architecture for the
generation of one of its possible representations.

The author is required to provide information onaivitoncepts in which
context he wants to represent in a specified tyijpehart (pie chart, bar chart, etc.).

The author is assisted in the process as all theilgle options extracted from the data
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model are presented to him, avoiding in this way mmistakes. Using the Jena API
and the SPARQL engine, all the appropriate inforomats retrieved form the data
model into the sub-data model which now represr@semantics of the information

to be contained in the selected type of chart.
6.3.4 Structure level

A. Financial Graphics Markup Language (FGML)
At this stage, Olivier found it hard to understahd role of this level, arguing

that it would be possible to generate the presentégvel from the semantic level.
With the existence of this level clarified and ursdeod, the creation of an
intermediate ZineML-like structure level languadge€GML, was easy. In order to
define FGML, Olivier researched and analysed the structure components of the
charts to be studied (column/bar chart and pietsharthis case). Using the column
chart as an example, the process of creating FGlisit_ag follows:
First the column chart was decomposed and its kesioents identified. The
decomposition is illustrated in Figure 81.
» The axis: horizontal (1) and vertical (2)
e Label: axis can be labelled (3)
e Scale to the vertical axis (5)

e Segments or bars (4)
More complex elements such as segments composexllegments are
possible in a stacked column chart for example. &w@n though FGML could be

extended to express these alternatives this watsaaded in the project.

T
I
Humber ol— ~.—drs {millions)

Peak Practice |
alty = ==, The Bl _ _
1 3

Figure 81: Column chart structure element
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B. Stage 3: Notational conventions

The notational conventions allow the generatio=&ML from the sub-data
model. An XSLT Transformation for each type of d¢haas been used to apply these
notational conventions to the extracted sub-datdeino

At this level Olivier started realizing the differe options offered by the
GraSSML conceptual architecture. Having read ab@iL languages, he suggested
the possible integration of other existing struetlanguages such as GraphXML. This
aspect has been discussed in Chapter 4 section 4.5.

The following code sample (Figure 82) shows theeammponents express in
FGML of the example presented in Figure 83. Thianeple shows the evolution of
the cash from 2002 till 2004. The attribute “segtBeparator”’ indicates that each
segment will be separated by 10 pixels. The valfiethe segment width is
automatically calculated taking into account tht@ltaumber of segments in the chart.

<chart type="Column” title="Evolution of the Cash">
<axisX segmentSeparator="10" length="350" />
<axisY minVal="0" maxVal=30000" unit="Euro” length="200" />
<segments>
<segment id="Cash_CompanyA2002-12-31" stroke="black>
<name>Cash</name>
<value>30000</value>
</segment>
<segment id="Cash_CompanyA2003-12-31" stroke="black”>
<name>Cash</name>
<value>29000</value>
</segment>
<segment id="Cash_CompanyA2004-12-31" stroke="black”>
<name>Cash</name>
<value>20000</value>
</segment>
</segments>
</chart>

Figure 82: FGML code sample
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The GraSSML FCP Project
File Graphics QuerySystem Yerbalisation Help?

‘ Load Financial Chart... H Refresh... |

Evolution of the Cash

Segment Info Box:

- Mame: Cash
- Walug: 30000 Euros
- Entity: Company A
- Period: 2002-12-31
Run a query:
Who accounts for...
Whao is smaller...
Whoisbigger. ..

Figure 83: FGML “Evolution of the Cash” example

6.3.5 Presentation level

It is at this level that Olivier realised the varso possibilities offered by
GraSSML in terms of presentations. Three possil#egntations were implemented:
the textual presentation of the semantics of thetcla textual query system and an
interactive graphical presentation “smart diagraBeéfore any of these presentations
could be generated, the data model of the finame@brt and the sub-data model of
the wanted chart were generated using the mainhipap interface. All the
transformations leading to the appropriate presemtadepend on the information

contained in these data models.

A. Stage 5: Verbalisation model (Semantics)

Verbalisation model templates allowing the generatf such description for
each type of chart were developed using an XSLTn&§foamation. The generic
template allowed the description of a specific thi@mg commonly used sentences to
be built dynamically. After researching the litena on to how to read, understand
and describe the selected charts, Olivier cameitipavset of conventions on how to
describe them. Based on description guidelines ftmOpen University (TAYLOR,

172



2008a) different steps were identified for the digsion of column charts and pie
charts.

A column chart description should involve the follog steps:

 ldentify the context of the information (title, $eaunit, years, etc.)

 Identify the number of segments in the graphic

 Identify each column and describe it as much asiples(label, value, etc.)

* Analyse and compare the segments (i.e. identifyhighest and lowest
segments)

A pie chart description should involve the follogisteps:

* Read the title to find what the proportions arewtbo

« Identify the number of slices in the pie

» Identify each segment and describe it as much asilge (slice name,
value, etc.)

* Analyse and compare the slices (i.e. identify tighést and lowest slices)

Having accessibility in mind the XHTML textual degtion generated took
into account accessibility guidelines on their auitig.

As well as a sequential textual description (Fig8&) of the information
contained in these charts, a tabular representéigare 86) of the information they
contain as been achieved. This involves the cneaifoa table containing the name
and value of each segment or slice. Appropriatessibility guidelines have been

followed by Olivier.

Current Liabilities (CompanyA2002-12-31)

Euro (x)

B5E50 7
52520 —f _______________
30390 —E _______________
26260 —f _____________
13130 —E _______ - —
§ .
"o, e, _
,

Figure 84: Column Chart Generated using GraSSML FCP

173



Full description Quick deseription Slices description Analvsis
description
Column/Bar Chart - Textual Data Description
Overall Column/Bar Chart Description
The chart iz entitled Current Lizbdlities (CompanyA2002-12-
31).
The chart shows the Current Lizhilities zbout Company A for
the period ended on 31 December 2002.
The chart 15 composed of 6 segments and the unit used is Euro.
Segments Description
*  Segment |
Itshows the Income Taxes Payzble. This 15 valued at
63630 Euros.
+  Segment 2
Itshows the Accrued Compensation. This is valued a2t
12000 Euros.
*  Segment 3
Itshows the Unezmed Fevenue. This is valued at 3030
Eures.
*  Segmentd
Itshows the Accrued Wages. This 15 valued at 33000
Euros.
*  Segment 3
Itshows the Other Lizbilities. This 15 valued at 4100
Euros.
*  Segment &
Itshows the Accounts Payable. This is valued at 235000
Euros.
Segments Analyvsis
*  The highest segment accounts for 63650 Euros. It shows
the Income Taxes Payable m 2002,
+  Thelowsst segment accounts for 4100 Eures. It shows
the Other Lizbilities i 2002.

Figure 85: Textual presentation of Figure 84

Full description
Cick description

Tabular description
Column/Bar Chart - Tabular Data Description

Overall Column/Bar chart Description

The column/bar chart is entitled Current Liabilities (CompanyA2002-12-31).
The chatt shows the Current Liabilities about Company & for the period ended on 31 December 2002
Itis composed of 6 segments and the unit type used is Euro.

Tabular Segment Description

Tabular description of the colummn/bar
chatt showing the Current Liabilities
(CompanyA2002-12-31).

| Name of Segment | Value

[ncowme Taxes Payable |65630 Eutos

& porped Compenis ation 12000 Euros

|Une arned Revenue |SDBD Euros
|Accrued Wages |3jﬂDD Euros
(Other Liabilities 4100 Euros

& ccounts Payable 25000 Euros

Figure 86: Textual presentation of Figure 84 (Tablar version)
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B. Stage 7: Textual Query System

Having access to the ontology and the data mogeksenting the financial
report, it was possible to develop a textual gusystem allowing the formulation of
general or specific queries. Dependent on the dimitthe ontology reasoner and the
presence of the appropriate information a certaimownt of queries could be
implemented. In an ideal situation the developnwn SPARQL end point would
allow any user of the financial report to formuléteir own queries specific to their
needs but due to time limits and for the purpogdeberesearch project a limited set
of queries were implemented:

Queries aiming at providing general information attihe chart:

* Find the Balance Sheet Creation Details
» Find the Balance Sheet Unit
* Find the different Balance Sheet contexts

An accessible Java graphical interface was impléedgeto access all available
gueries. With the use of the AccessBridge, mnensoaitd keyboard shortcut, the
graphical interface became accessible to most usarg screen readers.

Other, more specific, queries were implemented. &amade use of the
advantages the ontology reasoner provided in mdkifgrences”.

The example presented in Figure 87 shows thatA#sets accounts for Current
Assets which itself accounts for the Cash concept”transitive “accountFor”
property has been defined in the data model. Arology reasoner using this
transitive property definition would be able toenthat Current Assets accounts for

the Cash concept but also that Assets indirecttpaats for the Cash concept.

Assets 376 384
Current Assets 78 784
Cash 20 000

Figure 87: Balance Sheet Assets Subset Example

Olivier, not being a domain expert, found it qudifficult to select an initial set
of queries to implement. But once selected, he dotlne process of implementing

them quite easy.
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The implementation of the accessible graphicalriate was a challenge for
him but with some research and with the help otr@en reader (Jaws evaluation

version) to check the result produced, he succeede@ating it.

C. Stage 4 and 7: Graphical Query system “Smart Diagram”

The “Smart diagram” feature was the most exciting @r Olivier. Being able
to query the graphical presentation of the chad gaining graphical or textual
feedback from it was for him an advanced featueg tte had never encountered in
previous studies.

At this stage, due to the time limit involved, som®positions on how this
stage could be implemented have been presentedivierOHowever, he was still
asked to implement it in the way he thought wowddappropriate.

The first step $tage ¥ involved the generation of the graphical représsgon
using SVG. Olivier was aware of the different pbgisies for selecting the
information needed to generate an appropriate dinemd the data model of the
financial report. The solution adopted might notthe best one, as it does not take
into account the best graphical representationttier selected data and the tasks
planned, but rather the user selected chart ferdbiected data. But at this stage the
aim was to demonstrate the idea and not to credtective” charts (GURR, 1999) as
addressed by previously presented researched suélrd (MACKINLAY, 1986),
BOZ (CASNER, 1991) or AVE (GOLOVCHINSKY et al., 19p

Using the implemented accessible graphical userfaite, the generation of a
bar/ column chart or pie chart is described agvadl by Olivier.

1. Choose a graphic type to generate
2. Choose the purpose of the graphic. This can elgber
a. Trends of a given concept in the available contendts
b. Comparison of several concepts in a given context.
Generate the sub-data model

Apply the Notational conventions from sub data maoodé&GML

o &

Apply the transformation from FGML to SVG
6. Load the graphic in the interface
The transformation from FGML to SVG was done usenggeneric XSLT
transformation taking into account the data presernhe FGML document and the

nature of the chart to be generated (pie, colunaochart).
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Once the graphical representation generated, éiffetechnologies such as
Java, JavaScript, Jena SPARQL and Batik are usalioto the different elements of
the graphical presentation expressed in SVG to umxied directly, interactively,
making reference to the semantic of the chart esgaetin the data model.

The example illustrated in Figure 88 shows an imfation area, on the right of
the smart pie chart containing a list of predefineéries, which is generated once an
element is clicked on.

Depending on the selected element of the pie claarset of information
corresponding to this element is provided. Thisiimfation results from basic queries
on the element selected such as its name, valudy,eand period. All this
information is automatically extracted from the alatodel. This provides an
overview of the information concerning the selectésinent.

The information behind the diagram being totallgessible it is possible to

perform various queries to provide information aka comparisons.

The GraSSML FCP Project E]@g]

File Graphics QuerySystem Yerbalisation Help?

‘ Load Financial Chart... || Refresh... |

Net Current Assets (CompanyA2002-12-31)

Cther - 2.53% Segment Info Box:
[ cash -38.07% - Name: Invesiments

- Value: 34000 Euros

[ ] Investmerts - 43.15% ,
- Entity: Company A

B Accounts Receivable - 3.93% - Period: 2002.12-3

[] Pre Paid Expenses - 2,13% Run a query:

[ Inventories - 10.15% Who accounts far. .
Who is smaller...
Whaois bigger. ..

Figure 88: smart Pie chart “Net Current Assets forCompany A in 2002” example

The query “Who is smaller” than the selected slicthe Pie chart of Figure 89,

returns two results. Both slices have been highdigivy changing their colour.
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B3 The GraSSML FCP Project
File Graphics QuerySystem Verhalisation Help?

‘ Load Financial Chart... H Refresh... |

Net Current Assets (CompanyA2002-12-31)

Other - 2.53% Segment Info Box:
[ cash -28.07% - Narme; Accounts Receivable

-Value: 3100 Euros

Investments - 43.15%
I:l - Entity: Compary A

B Accounts Receivable - 3.93% - Period: 2002127

[] Pre Paid Expenses - 2.13% Run a query:

- Inventories - 10,15% Who accounts far. .
Wha is srnaller. .
Who is bigger...

Figure 89: Smart Pie Chart “Who is smaller...” quety

The inference query discussed previously “Who actotor..” could also be
run by selecting a slice and clicking on the appedp query on the information area.
The result showing the concepts accounting for dbwecept selected (in this

case “Account Receivable”) is returned in an adbéssnessageBox Figure 90.

Message

@ Het Current Assets
Total Assets

0K,

Figure 90: Smart Pie Chart “Who accounts for...”

6.4 Results

Olivier carried out different technical testing éwaluate the implementation
side of the project. A set of specific test casaeefully selected to evaluate the
different part of the prototype have been succdgstarried out.

Olivier thought about carrying out a user evaluatioit due to limited resources
and the time at hand he decided that it shouldbsidered in future work.

The original aim of this evaluation was to evaluttte applicability of the

GraSSML conceptual approach to a different clastiagfram in a different field by a
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third party and to demonstrate the ability GraSSdffiers in inquiring and reasoning
about the information on which a diagram is based.
The evaluation was considered a success as the obtained was as expected.
It was interesting to evaluate the degree of diffic felt by Olivier during the
different stages of the application. Different feadks were collected from Olivier,
each concerning different aspects of the projebe interviews conducted at the
different stages included some of the followingsjiens: Was it difficult? How long
did it take you to understand and apply GraSSML2cWhart was the most difficult?
What would you have changed? Do you think it cdoédused? Do you think you
would be ok creating Graphs this way? How did ylmak about the instructions on
the application of the methodology? Do you have fanyer comment?
Olivier realised that financial expert knowledgesvessential in the creation of
such an approach. Such knowledge would greatlyuenite the creation of the
ontology, the type of charts generated dependinthemlata to be represented and the
tasks intended for, the way the information is préed, and also the design of an
appropriate end-point allowing a potential useexpress queries.
The complexity of the IFRS taxonomy was such thdeeision has to be made
in simplifying it into a subset based on a simpilarmaple. At this level, expert
knowledge is essential.
At the beginning of the evaluation project Olivexpressed his apprehension on
the application of GraSSML. Some of the levels egped in GraSSML were not
understood and some features expected such assimart”diagrams” seemed too
complex to be achieved in the time at hand. It dificult for Olivier to see “charts”
from a different perspective, thinking of its clieatin a completely different way he
is used to.
The following suggestions have been made by Olivier
% Implementation of new type of charts:line charts, scatter chart or different
possible variant such as 3d charts, split pies, etc

« Involve financial experts: to allow a better understanding of the requirements
and/or needs of the potential system users.

% Ontology generation:In a future development a transformation from XBRL
automatically generate the ontology could be carsid.

< Built-in speech interface: accessibility could be improved by integrating a

“built-in” speech interface removing the need aicaeen reader.
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«  Graphical presentation improvement:

* To reduce the amount of visual processing requuederstanding and
analysing a financial chart.

* In terms of implementation of the graphical preagoh some
improvement could be achieved in term of compatybibs the actual
solution provided was more to prove the feasibitifythe approach rather
then taking into account such aspects.

«  Smart diagram capabilities: Taking into account results on studies to reduce
the amount of visual processing required undergtgndnd analysing a
financial chart, results of the “smart diagram” kcbde improved (e.qg.

reordering resulting columns).

6.5 Conclusion

This evaluation provided information on the apphitty of the GraSSML
conceptual architecture. The viability of the Gr&&Sapproach was successfully
assessed by Olivier who extended the system fdfeaaht class of diagrams.

Even though Olivier started off the project witlseevations, by the end he fully
understood the system enabling him to successfipply GraSSML in the financial
reporting domain. The result obtained was quitereapive as Olivier experimented.
The number of propositions he made to improve thplemented prototype were
various, demonstrating a full understanding andhesiasm for the approach. Olivier
set up the approach in another domain by follovanget of stages presented to him
step by step. Even though Olivier applied the apginosuccessfully an initiation to
the project was needed. The methodology shoul@Wiewed to make it well defined
enough for someone to apply it with minimum interen. The analysis of this
evaluation could be used to compile a formal domimato the application of
GraSSML into another domain for a different clagsliagram. Olivier expressed a
willingness to develop the system further especiatl the presentation level where
different flexible and extensible presentation niibiéa are possible.

This project has also demonstrated the flexibityhe conceptual architecture
as argued in Chapter 4. The origin of the inforprapopulating the Ontology and the
data model (on which GraSSML approach relies) @amabltiple. In this specific case
the information came from the “XBRL taxonomy” anbet“XBRL document”

expressing the financial report.
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Chapter 7

Evaluation: A User’s Perspective

GraSSML aims to contribute to the representatiomiaframs in a way that
could improve the ability to enquire and reasonualibe information on which the
diagram is based and thus making diagrams moreeipahie, operable and
understandable and, as a result, suggesting erthawoessibility benefits for such
diagrams.

The technical perspective evaluation and the alsthmerspective evaluation
demonstrated the feasibility, viability and appliddy of the GraSSML approach but
did not provide any insight on whether GraSSML suppthe POU(R) principles of
the WCAG 2.0 (see Chapter 3 section 3.1.2) forrdiag.

This chapter describes an evaluation which was ngkin with two blind
participants. This study was conducted to assesgénceivability, operability and
understandability of diagrams presented using GviST he Robust (R) principle of
the WCAG 2.0 was not addressed nor assessed irefi@arch.

The main objective was to get an initial idea oé tROU(R) support of
GraSSML used by blind users against a set of pirestbtasks.

Of course, it is acknowledged that every blind usedifferent (Appendix B)
and has different preferences and ways of worldngevaluating the system with only
two blind users is not representative of the blmodnmunity. It is also important to
keep in mind that the primary aim of this reseapbject does not lie in the
evaluation of the modalities employed at the pregem level. It was never intended
to create a new presentation level modality orewetbp the best accessible interface
taking advantage of the proposed approach. It ¢egmized that other projects,
involving specialised teams of researchers andtadapaterial, have invested much
effort in generating accessible presentations (@&nap). The presentation level of
GraSSML relies on and refers to these existingolisteed approaches (see Chapter 3
section 3.2) (e.g. verbalisation models guidelinesDUB approach to presenting

information, T3 or ViewPlus use of audio/tactile aiadities, non speech sound, etc.).
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The evaluation here gives an insight into the lahdesults and reactions to be
expected from the main benefits of the GraSSML aggin which is the ability to
enquire and reason about the information on wtiehdiagram is based.

This phase of the project was carefully prepared mnch thought was given
into the methods to use. Aspects to be taken icdount included the search for blind
users willing to carry out the evaluation, the ajgmh to be evaluated, the type of
evaluation to use, the set up of the evaluationthecevaluation itself as well as the
analysis of its results. “Welcome to Just Ask: ¢méging Accessibility throughout
design” by Shawn Henry (HENRY, 2007) was a useksource that provided
awareness of different aspects of accessibilitylementation and interaction with
disabled users.

Before the evaluation with blind participants, aformal “heuristic evaluation”
(NIELSEN and MOLICH, 1990) was carried out withdbrsighted users, one being
familiar with screen readers (Jaws in particuldhe aim of the heuristic evaluation
was to identify obvious faults in the design of theerall interface used by blind or
sighted users but it would also provide an initdg¢a of the POU support of the
GraSSML system by sighted users against a seedefined tasks.

As finding keen blind participants with the rightofile is difficult, it was
important not to waste them. To maximize the chamfesuccess, it was important to
remove any interface errors early on. The heurstaluation allowed the correction
of identified interface problems and the evaluatioth blind participants was carried
out with the revised version of the prototype. Betlaluations and their respective

results are presented in the following sections.

7.1 Heuristic evaluation

Heuristic evaluation (BENYON et al., 2004) involuesability experts checking
the GraSSML prototype against a list of heuristozsgood design.

The heuristics were used as a basis for the evatuathese heuristics are the
WCAG 2.0 principles (perceivable, understandabti grerable).

* Perceivable: Information and interface componentstnibe perceivable.
Users must be able to perceive the informationgmtes! using at least one
of its senses.

» Operable: Interface components and navigation rbasbperable. Users

must be able to operate the interface.
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e Understandable: Information and the operation ef itterface must be
understandable. Users must be able to understandftrmation presented

as well as the operations the system offers.

7.1.1 Participants

This evaluation involved three participants who vided feedback on the
degree to which the user interface was usableth&#e participants were familiar
with graphical user interface design having studleske at university. Only one of

the participants was familiar with the use of sorezaders.

7.1.2 Method

The evaluators were first informed about the aimthe prototype and its
intended use. The evaluators were asked to exfiler&raSSML system, considering
each heuristic in turn in an effort to identify potial usability issues with respect to
the three principles presented earlier (perceivabiderstandable and operable). They
were asked to bear in mind that the GraSSML systemtuated was only a prototype
aiming at evaluating the applicability of the prepd approach. It was important not
to go too deep into the evaluation for example eamag the aesthetics of the
interface.

The evaluation was conducted with use cases wherparticipants had to carry
out typical user tasks (section 7.2.4). The watktigh involved the same tasks to be
used in the evaluation with the blind participarfiese tasks could be achieved in
different ways using different modalities offeregl GBraSSML.

e Textual presentation: the verbalisation model o 8tructure and the
semantics of the diagram

« Graphical presentation: the SVG presentation

* Query systems: the textual query system and thghgral query system.

Even though the aim was to prepare for the evanatvith the blind
participants, the opportunity was taken to evaldagwhole interface, including the
parts the blind users would not access but wouldremjate if working in a
collaborative environment with sighted users.

Carrying the heuristic evaluation this way wouldoaprovide an initial idea of
the perceivability, operability and understand#pitiupport of the GraSSML system

by sighted users against a set of predefined tasks.
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The evaluators were expected to evaluate the diffanodalities following the
tasks provided, first using the mouse and thengusmly the keyboard and screen
reader. Only the evaluator experienced with theestrreader Jaws was asked to
switch off her screen. Each evaluator worked inddpatly, and was asked to report
any problems, identify the main principle it copeaded to and to make a

recommendation when possible.

7.1.3 Results

The process took between 3 and 4 hours for eatitipant taking into account
the interaction needed when they were unsure amoné aspect of the prototype.

It was interesting to see how the participants @ @arform the tasks provided.

They were able to perceive, operate and understendiagrams presented to
them using the GraSSML approach.

Some problems with the prototype interface werantifled. It gave a good
overview of what might be incompatible with theentled blind users’ needs and
preferences.

The main problems reported concerned operability,particular keyboard
accessibility where some parts of the interfaceewsst keyboard accessible. The
screen reader user reported problems concernirgj feus” which confused the
screen reader. Also when the focus was correctotieal order of the information
explored with the keyboard was not correct. Otheoblgems reported were
consistency of layout and button text.

It was suggested that confirmation dialog boxesikhbe added in appropriate
locations to avoid the user going through a whotef stages by mistake or simply to
exit the system by mistake. The lack of accelesais also mentioned.

The problems identified have been categorised rmdeof perceivability,
operability and understandability principles.
The following problems and suggested solutions wétained:
< Operability:
e Problem: The main interfaces for both types of diagramsewgdged
confusing. Evaluators became lost and did not kmdwat to do next. This
was primarily due to features of the interface teglato the authoring

process not required by their set of tasks.
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Recommendation (implemented) creation of two views: “authoring
mode” and “view mode”.

Problem: One interface presented problems with tabulatiader when it
was used with a screen reader.

Recommendation (implemented) review the implementation of the
tabulation order.

Problem: The user was unable to display previously searahi®rmation
to recall the results. He had to redo the search.

Recommendation (not implemented) provide a way to keep track of
previously explored information.

Problem: The prototype only provides a solution to a leditset of
predefined queries.

Recommendation (not implemented)provide an end point to allow users
to create their own queries.

Problem: After using the same interface for a while, thaleators noticed
the lack of alternative ways to perform some fumwiity. An example
was the “who manages...” interface from the textusdry system. For the
guery to be executed, the interface requires theenaf the employee to be
entered and the “search” button to be pressed. @xgerienced with the
interface, the evaluator would have loved to simphess enter after
entering the name of the employee instead of hadrtgb to the “search”
button or click on it using the mouse. The samear&napplied to other
parts of the prototype.

Recommendation (implemented)Provide multiple ways of doing things
in order to accommodate different level of userezignce and habits

developed from other similar interfaces.

% Understandability:

Problem: The evaluators expressed a concern that the amofin
information presented in the menu was confusing #drad it was not
needed to access the information of the diagrane. €mluator suggested
the creation of two modes, an “authoring mode” @néisg all the options
to create/amend/explore a diagram and a “view made’access the

information of the diagram.
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Recommendation (implemented) creation of two views: “authoring
mode” and “view mode”.

Problem: The steps needed to “Traverse” a UML activitygtaan were
not obvious and needed clarification. This was iyagdue to the names
given to the buttons and the different ways therimfation was presented
(using a text editor view and then using a tablewyi The table view
confused the users and its presence was not uaderst

Recommendation (implemented) change the labels of the buttons and
provide clear information about the role of thefatiént views presented.
Alternatively, provide a help facility describiniget role of each element of
the interface.

Problem: Different names were used for buttons havingstinae function.
Their positions on different interfaces varied, fusing and triggering
wrong operations from the evaluator.

Recommendation (implemented)make sure all features have been used,
named and positioned consistently.

Problem: The names given to the windows were unclear tepth users
not knowing which window he was looking at. Thispkgd to the
evaluator using his keyboard, screen reader arnul thé screen switched
off to access the interface.

Recommendation (implemented) review the names given to the
windows.

Problem: The prototype did not allow the user to undo ermmade when
asking for some options He had to either exit #sk tand go though the
process again or wait until the end of the pro@ess restart a new one.
The same problem appeared when the user unintatiyimticked on exit.
Recommendation (implemented) include a confirmation dialog box
before executing a task.

Problem: Some messages were judged as not convivial dodriative
enough, mainly the error messages.

Recommendation (implemented) review these messages and amend

them.
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7.1.4 Conclusion

This evaluation has demonstrated how the diagraxpsessed in GraSSML
could be perceivable, operable and understandabladin stream users.

No problem concerning the perceivability of theormhation has been reported
by the participants. The problems reported coneeexelusively the operability and
understandability of the system. Most of them cooédaddressed, within the time
frame of the thesis, by following the recommendagio

This evaluation proved very useful in identifyingaility problems concerning
the graphical interface of GraSSML. If not corretéhe identified problems would
have created problems during the blind user evialuaind wasted very precious time
with both blind participants. The version of theofotype used by the blind users
included the amendments resulting from the hearestaluation.

7.2 Blind users Evaluation

This section describes how an evaluation of theSGML prototype, carried out
with two blind users, allowed us to assess the gpeability, operability and
understandability of GraSSML.

This evaluation aims at demonstrating the hyposhst“if information on
the structure and the semantics of formal diagraer® preserved, made ‘part
of the diagram’ by willing authors at the creatstage, these diagrams would
be more perceivable, operable and understandalle aana result, suggest
enhanced accessibility benefits for such diagrams.”

Will the user be able to perceive, operate ancerstdnd diagrams using the
GraSSML system? Will he be able to enquire andoreas/er the information on
which the presented diagram is based? How wouldusiees react to the GraSSML
system? Will they consider using this kind of sgstd access diagrams? To find
answers at these questions, two methods have lsseh a user evaluation and an

interview.

7.2.1 Participants

Both participants were male and aged between 253@rehd blind from birth.
They volunteered when a call for participants wagmg through different discussion
groups, forums, events, etc. The first participgrhduated from Loughborough

University at the Department of Computer Sciendee Becond participant held a
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GNVQ in Information Technology. Both were computigerate and taught their
knowledge to other people (visually impaired aslvasl sighted). Both considered
themselves as screen reader experts with Jaws dtheyhad experience with other
screen readers: windows eye, NVDA). Both were feamilvith tactile diagrams and
diagrams described in audio or by a third party.

Both were familiar with the type of diagrams usedthe experiment. They
recalled the frustration at not being able to ascasch diagrams and needing the
constant assistance of a sighted person in attegqgb describe them. They
considered their knowledge of the domain UML Adgvdiagram as basic. In the
sense that they had learned about the conceptbeoatse of the unavailability of
appropriate application compatible with screen eesdthey did not go too deep into
the exploration or creation of these diagrams. Bathicipants expressed a very good
interest and excitement about the ideas behin@ta&SML project. They were both
used to carrying out similar kinds of evaluatiows €ifferent research projects at

universities and companies.

7.2.2 Equipment

A laptop with a standard keyboard was used foretreduation. The GraSSML
system was installed on the computer and accessagd the mouse, keyboard and
screen reader. The screen reader Jaws was instalkedudio and video recording
was made for the entire evaluation and later tramsd for analysis. The participants

were encouraged to describe verbally any probley émcountered.

7.2.3 Materials

Six diagrams, three from each class were selededht evaluation. These
diagrams varied in size (number of objects) ancbimplexity (specific aspect such as
synchronisation, loops).

These variations were aimed at encouraging thécypamts to explore different
modalities in completing the tasks. The diagranesshiown in Figure 91 to Figure 96.

Diagram 1 (Figure 91) presents a simple activiggdam for attending a course
lecture. This diagram is composed of just 4 actems a decision point.

The first activity is to get dressed before leavimgthe lecture. A decision then
has to be made, depending on the time availablerd¢ie lecture starts. If there is
sufficient time to catch the train, take the tratherwise, take a cab to the University.
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The final activity is to actually attend the leauiafter which the activity diagram

terminates.

Get dressed

[In time for Train] [Not In time for Train]
Y Y

Take train to Take cab to

university university

A 4 A 4

Attend lecture

Figure 91: UMLAD for attending a course lecture (Dagram 1)

Diagram 2 (Figure 92) presents a simple activitggdam composed of 3
actions, a decision point and two Parallel Proce8&s#s. The loop formed from the
decision point back to the first action “Eat sonwreghgood from the kitchen” as well

as the parallel process bars are the main distamotiss of this example.
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Eat something
good from the
kitchen

[Still hungry]

[Had enough]

Listen to music
(and ignore it)

read a book

Figure 92: UMLAD for eating when hungry (Diagram 2)

The final UML activity diagram example presenteddiagram 3 (Figure 93) is
the UML activity diagram used previously (Chapteséction 5.3). Its complexity
compared to the previous diagrams is of interestit ggresents more elements
including one decision point; two decisions modelleut of an action (“fill out

enrolment forms”), concurrent activities which ndé a set of sequential activities.
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Fill out enrolment
forms

[Incorredt]

Obtain help to fill
out forms

[ Enrol in University ]

[Accepted] | |

Enrol in seminars

N 4

Attend university
overview
presentation

Make initial tuition
payment

[Rejected

—

Figure 93: UMLAD Enrolling in the university for th e first time (Diagram 3)

The three diagrams (Figure 94, Figure 95 and Fi§6j)eare organisation charts
which differ in terms of complexity, meaning thenmoer of employees involved and
the number of levels they are organised into. Alhese examples have already been

described in Chapter 5 section 5.2.
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Director
John

Finance Manager
Sue

IT Manager
Peter

Team Leader
Development

Team Leader
Development

David Bob
IT Developer IT Developer IT Developer
Linda Joe Sarah

Figure 94: My Simple Organisation Chart (Diagram 4)
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Dean of School
Linda King

Assistant Dean
Resources
Prof David Fell

Finance Officer
Mike Barrett

Director Of
Postgraduate
Studies
Dr David Evans

Deputy Postgrad
Tutor
Dr Tim Shreeve

Deputy Postgrad
Tutor
Dr Susan
Brookes

Assistant Dean
Academic
Dr Peter
Grebenik

Biomedical and
Biological
Sciences

Programme Area

Leader
Dr Tony
Bradshaw

Biology and
Environment
Programme Area
Leader
Dr
DeborahPearce

Sport Exercise
and Nutrition
Programme Area
Leader
Dr Rhod Kinch

Chair Of
Learning and
Teaching
Committee
Dr Andrew
Rendell

School
Administrator
John Hobbs

Director Of
Research
Prof Chris

Hawes

Environmental
Biology Lab
Manager
Elizabeth
Mitchell

Human
Biosciences Lab
Manager
Norman Bolster

Bioimaging Lab
Manager
Barry Martin

Microbiology Lab
Manager
Kay Chamber

Figure 95: Oxford Brookes University Organisation Chart Example (Diagram 5)
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Executive
Director
Nancy D. Miller

Development
Director
Jean L. Geiger

Director Of
Rehabilitation
And Community
Outreach
Diane S. Weiss

Assistant
Director of
Community
Outreach
Antoinette
Emers

Assistant_Director
Of Rehabilitation
Services
Annie Presley

Assistant
Director Of
Business
Development
Kai R. Smith

Director Of
Recreation And
Residential
Programs
BetsyFabricant

Controller
Natalia S. Young

Camp Director
NancyAnn
Nowak

Director of
Facilities
Management
Carlos Cabrera

Director Of
Social Services
Amanda L.
Slattery

Camp Caretaker
Sixfredo
Rodriguez

Assistant Camp
Director
Carmen Thorne

Assistant Camp
Director Lions
Danielle Pepin

Figure 96: VISION Organisation Chart (Diagram 6)
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Information
Services and
Technical
Training
Dawn Suvino




7.2.4 Tasks

The tasks were aimed at exploring different paftthe GraSSML prototype.
The tasks were deemed realistic, feasible with phetotype and explored the
prototype thoroughly. They were mainly aimed adiitg out if the user could gain an
overview of the diagram and then answer some speamgikestions about the diagram
to assess the understanding of the informationsaeck The questions were typical
for these types of diagram. The user was not egdetd achieve all the tasks
perfectly at the first attempt using GraSSML. Lexdnitity is considered an important
aspect to observe when performing the tasks. Itheagd the repetition would allow
assessment of the learnability of the user in usiregprototype. Would the familiar
user develop different strategies in using theqiypie?

For each diagram a task sheet was prepared. Tlogviiod) section presents the
different tasks for the different diagrams:
« Diagram 1: UML Activity Diagram “Getting dressed”

* How many actions? And what are these actions?

* What can you tell me about this diagram?

* What can you tell me about the complexity of thegdam?

* Is there any decision that needs to be taken?slfhgsv many? And what
are they? Answer the question using first the txtlescription and then
the query system.

« Diagram 2: UML Activity Diagram “eating when hungry ”

* What can you tell me about the complexity of thegdam compared to the
previous one?

* How many actions? And what are these actions?

* Is there any decision that needs to be taken?slfgsv many? And what
are they?

* Can you describe what happens if “still hungry’? dAalso if “had
enough™?

% Diagram 3: UML Activity Diagram “Enrol at Universit y for the first time”

* What can you tell me about the complexity of thegdam?

* What is the sequence of actions happening befaneot&at university™?

 Is there any decision which needs to be taken?

195



What action needs to be processed before the atlake initial tuition
payment”

Are there any actions executed in parallel? If ydgt are they?

« Diagram 4: Simple Organisation Chart

How many employees are there?
Who manages Sarah directly?
Who manages Sarah indirectly?
Who reports to Bob?

Who reports to Peter directly?

Who reports to Peter indirectly?

« Diagram 5: Vision Organisation Chart

How complex it the diagram compared to the previon® How many
levels and employee are there?

Who manages Nancy D. Miller directly?

Who manages Nancy D. Miller indirectly?

Who reports to Annie Presley?

Using the list description of the textual descoptiof the semantic of the
diagram can you tell me who reports directly toggdtabricant?

Can you confirm your answer using the query system?

« Diagram 6: Oxford Brookes University

How complex it the diagram compared to the previon® How many
levels and employee are there?

Who is the director?

Who reports directly to the director?

How many persons in total reports directly andnecltly to the director?
Who manages Barry Martin directly? Who manages \Bdvtartin
indirectly? First using the list description, thesing the prose description
and then using the query system.

How many employees are there in level 27?
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7.2.5 Methods

The blind users were given different dates forataluation which took place in
isolation at the university. Both participants joely was planned with them and
arranged in a way for them to feel safe. They vgeeeted and collected directly from
the train station to the evaluation location. Isvessured that recording facilities were
available and functioning. There was no time lifoitthe evaluation. The users were
thanked for their time and work. They were thenoagganied back to the train
station. They were also reimbursed for their triivglexpenses.

During the whole process notes of observations waen on paper and audio
as well as video recordings were made.

The whole evaluation process involved five différgshases which are

presented in the following section.

A. Pre-experiment questionnaire

An initial questionnaire was answered by participato gain an insight into
their visual ability, the duration of their visumhpairment, their computer literacy,
their educational background, their experience wdilgrams and the methods used to
access them, their knowledge of UML Activity diagn and Organisational charts
and finally their experience of screen readerspaeterences.

Additionally they were encouraged to share any iptess experience with this
type of diagrams, specifying where, how, the tygenwdality and interaction

involved.

B. Presentation

First the participants were thanked for particip@tat this evaluation.

Before starting the evaluation the participantsemeld what the project was
about and the nature of the evaluation. They weea explained the procedure that
was going to be followed. They were also informédheir right to stop at any time,
to ask for a break, or to ask any questions if aded

It was specified to the participants that they weoe the ones being tested but
that they were testing the system, so they shoatdvorry about making mistakes.
They were made aware that the evaluation sessianddwbe videoed and tape
recorded and that they were free to refuse.
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C. Training

After the introduction of the project and the dgsoon of the evaluation
process, each participant started with some trgitorfamiliarise themselves with the
interface of the prototype.

This involved familiarisation with the interfacedaexploration of the different
modalities offered by GraSSML. The first diagranisoth domain (Figure 91 and
Figure 94) were used here. At this stage of théuatian, the participant was allowed
to ask questions related to the interface and titerpretation of the information.
Remarks and questions were recorded for later sisaly

D. The evaluation

The evaluation was to determine whether the blisersi could extract useful
information and perform content-related tasks basednformation, extracted from
the data model and ontology, and presented usia@&VIL alternative presentations
through enquiry and reasoning.

Each participant was asked to complete a seritask$ on 6 different diagrams.
Task success as well as the process followed bypdhéipants to achieve the task
was observed. The tasks were read out by the dwaldde tasks were designed to
test the participant’s perception and understandfrtbe information presented by the
diagram. The answers were recorded and the useraticeceive a feedback on the
correctness of the answer. When the participanhedeconfused and frustrated, an
attempt to clarify the question was allowed by agKurther questions or the decision
not to perform the particular tasks were allowedaise was taken between the two
type of diagrams or when the participant requirdéteak.

The main aim was to judge if the tasks were acldesteccessfully or not. At
this stage of the project, the evaluation was noorecerned with effectiveness than
efficiency of the prototype in term of correctnemsd success. This involves the
access of the appropriate information by the usevell as how well this information
was conveyed and how well the user made use of @ohverting it into knowledge
for action.

The ease of use was also looked at, as this indohweestigating aspect such as
ease of learning, understandability and subjecwatisfaction. So as well as
observations made, measurements such as the nofmbemrect answers were taken

during the evaluation.
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The participants were asked whenever possible éd*Tisink aloud protocols”
which involves thinking aloud as they perform theeg tasks. This allowed getting
information on what they were thinking of and/oelfag while completing the tasks.
The users were encouraged to give comments on tbgtwere doing, why they
were doing it and specify uncertainties they enteuurNotes were taken on when
users found problems or did something unexpectetp ttas provided if users found
themselves stuck in the task and helped to mowaamext task. It was considered
important to keep users talking to understand wta$ going through their mind
while doing the evaluation so questions such asdawo you want to do?”, “What
information is presented to you?”, “Is there aaiéint way of doing it?”, “Why did
you choose this one?”, “What were you expecting®, So the evaluator (the author
of this thesis) sat with each blind user and endagéh them as they carried out the
tasks, providing some help if the user seems fatesdrand lost.

The users were told that if they required informiatfrom the system that was
not yet implemented but that was possible to impleiif time was given, then the
“Wizard of Oz” methodology (KELLEY, 1984) would hesed. In such a case, the

evaluator would take the place of the system andige an answer to the query.

E. Interview
A short structured interview involving the follovgmuestions was carried out
at the end of the evaluation. This stage of théuati@n is a more structured approach
to obtain feedback from the users at the end oétaduation.
* Which representation do you think allowed you tongan overview of the
information of the diagram?
< Did it give you an idea of the complexity of theagliam presented?
* What did you think of the amount of information geated?
» How easy was it to manage this information to catgthe tasks?
* How easy was it for you to select the right repnésstion to complete the
tasks?
* At any point did you think you were lost and/or tissed? Why?
* What do you think of the proposed approach for ssiog diagrams?
* Would you consider using this approach to accesgrdms?
« Was there anything particularly good or bad abbist&pproach?

* What would you suggest to improve the whole expee®
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7.2.6 Results and discussion

The results of the evaluation demonstrated thatpdmticipants were able to
perceive, operate and understand diagrams presesitelGraSSML.

It was observed that the participants did not cglya specific modality but on a
set of modalities. Indeed, once the participantisdenfident in navigating between
the different modalities, they started using themcomplement and validate each
other. However, users were observed to have a rprefe toward the textual
representation of the semantics to gain an overoiethie diagram and to refer to the
diagram when wanting to verify information they ded.

One user enjoyed the different presentations ofstme information by using
different formats. Being able to navigate from ttextual description (that he
considered as a complete reassuring descriptidimeofliagram to have) and the more
specific textual query system was reassuring asohtl find the wanted answer very
fast and check his answers if he was not sure.

Both users expressed their appreciation of theilpbses offered to extract
information from part of the diagram while maintag access to the entire diagram
in different way. They felt secure having accesthi® external memory support.

Both users liked the fact that the verbalisatidove¢éd them to get an overview
of the diagram whereas the query system allowenh ttieget a specific detail from
the information.

A strong preference for the textual query systera alao expressed, both users
seemed to strongly appreciate this feature but Hiey made the remark that they
would rather love having a facility to allow themdecide on the queries formulation
to complement the basic queries available. For hethrs, having such search
facilities would be considered as ideal. Basedhair tpast experience they compared
the query system as constantly having a third partgwering your questions but
without being uncertain of the answer or tiredegeating the information.

Once familiar with the interface, navigation toa@sd format employed to
present the information, the users developed their strategy at resolving the tasks
given. Both mentioned that they felt reassured afirtng constantly access to the
semantic textual representation of the diagranmhag tould refer to it, search it and
explore part of it when wanting to remember patécunformation about the

diagram.
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When asked about the quantity of information pressknboth replied that they
felt confident in having access to the whole infation and being able to choose how
to navigate it using different views. As well as tQuery system, the detailed list
description, once the way the representation wads understood, was a real success
in browsing the information quickly. However, fon® user it took some time to
understand this representation as he made congecuistake when asked to use this
representation to provide the answer. He saidhbatas not used to nested lists. One
interesting point he made was the confusion indiganization chart presentation
between the name of the level provided by GraSSWl the way Jaws numbered the
levels in the nested list. For example, the roemmant is considered as level 1 in
GraSSML and identified a level 0 using the nesigtidhlavigation with Jaws.

One user felt it would be useful to have the vis@livalent of the spoken page
available at the same time so that a sighted cdevocould be called in for
clarification or work co-operatively with the blindorker. It was explained to him
that the graphical representation of the diagramldcaalso be provided and
implementing a parallel view of it is possible.

In the case of complex diagrams, exploring the rdisgnon-visually can place
considerable strain on short term memory. It wagyssted that the interface should
provide a way of marking points of interest in theormation provided textually for
the user to be able to return to if needed. Thisldvbe of benefit to both sighted and
visually impaired users.

When exploring UML activity diagrams both users diat understand the role
of the “table representation” presenting the fulformation of elements when
traversing the diagram from one activity to anoti@nce explained, they strongly
advised on the creation of a help file providingstkind of information and other
information such as a summary of all the commandd their corresponding
shortcuts.

One of the users while using the textual queryesysto find out in diagram 1,
“who reports indirect” or “who manages indirect”ufad that the results were
confusing as the order provided did not reflect dmain of responsibility. The
evaluators in the heuristic evaluation provided tlamarks but the solution used to
resolve the problem was apparently not enough (giden of the details

relationships between the result employees).
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One point that both users found frustrating was tpening of some
functionalities which needs an XSLT transformatamthe screen reader would read
the whole information present on the command prowiple the transformation was
running. Once used to it, they used “Ctrl” to méhke screen reader stop reading it.

It was overwhelming how both blind users expresaestrong interest in the
developed prototype and required a copy to expetinfarther with it. One
participant asked of the possibilities offered teate diagrams using GraSSML. Once
explained he asked to make an attempt at usingViin® create a simple activity
diagram. This was successfully achieved. It waslagxed that this aspect of the
project needed more work as using GraSSML for tfeatmon of a more complex
diagram might cause some problems and that ZineME not really aimed to be
authored this way. An attempt was made to demdesiine use of protégé, but it was
noticed at this stage that the interface provided drotégé was completely

inaccessible for screen readers.

7.3 Conclusion

Both evaluations supported the initial hypothe4is information on the
structure and the semantics of formal diagrams \weeserved, made ‘part of
the diagram’ by willing authors at the creationggtathese diagrams would be
more perceivable, operable and understandable amda result, suggest

enhanced accessibility benefits for such diagrams”.

s GraSSML supports perceivability, operability and understandability

These evaluations demonstrated that GraSSML sugpfguore of the principles
of the WCAG 2.0: perceivable, operable and undedsthle.

Both sighted and blind users were able to correatigwer all the questions.
They performed content-related tasks based on rifeemation by enquiring and
reasoning about the information on which the diagmbased.

The information of the diagram presented throughwirbalisation models and
the query system were found helpful for the enqafrihe diagrammatical content.

This demonstrated the perceivability, operabilitg ainderstandability support
of GraSSML for both types of users against a spredefined tasks.
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All participants expressed a strong interest e @&aSSML system asking if it
would be available soon.

These evaluations support the ability for furthedges, for greater work. Based
on suggestions made by the participants, it cam laésconcluded that the future of

GraSSML is very promising as all users were ableniquire diagrams.

% GraSSML suggest enhanced accessibility benefits

All participants were able to perceive, operate anderstand the diagrams
GraSSML presented. Perceivability is the first stepaccessibility upon which all
others are based, and without which accessibiibbnot happen (WebAIM, 2009b).

With GraSSML, the information about the diagranpisserved “made part of
the diagram” in a way that improved the ability énquire and reason about this
information making it perceivable, operable and arsthndable as demonstrated in
both evaluation.

It is acknowledged that both evaluations couldbetised to make claims about
accessibility of the diagrams presented with th@SSML prototype. The results
won't be conclusive taking into account that the twind users are not representative
of the whole blind population. A much larger setusers should be recruited to take
part in a more controlled evaluation of GraSSML;renthought needs to be put in
into the different way of testing the different asfs GraSSML has to offer, adapted

presentation modalities included.

% Implicit accessibility benefits results

The representation of the information at the pregem level in GraSSML can
be various and it was never the aim of GraSSMLréate a new representation for
this level but more to draw inspiration from exusfiprojects previously presented
which are specialized at that level.

It is in that context that for example, the besialde verbalisation models that
are around have been sought. They have been deatedstto work and the
implementation of the GraSSML approach demonstritat they can be generated
automatically from the information captured at theation of the diagram. So it has
been demonstrated that GraSSML can generate \@&abafis that others have

subjected to more vigorous evaluation and they chestnated to be working.
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« Proposed approach for future accessibility evaluatins

Currently, there is no equivalent system to com@aSSML against.

Projects reviewed in Chapter 3 such as TeDUB, Td #imrewPlus have
researched, produced and obtained some very geatlsrén terms of presentation of
diagram non-visually. It is acknowledged that if @ these approaches had clean
available and accessible formats of informatioaf they are using to generate their
elaborated presentations, then GraSSML will sing@gerate them and will fed them
back in their system that they have proved to wB#&doing the same evaluations as
they did but using the GraSSML approach to capthee information behind the
diagram could be done. This could bring some arswethe problems (Chapter 3)
they have identified at the creation level of thioimation to be used (automatic and
semi-automatic recovery of the information).

So a proposed approach for future evaluations aSSML would involve the
performance of a comparative study of the usabidihd accessibility of output
obtained using GraSSML against results obtaineth feo standard non GraSSML
diagram. It is suggested to use the TeDUB (HORSTMA®&t al., 2004a) system
which has already produced good results when rerglestandard diagrams in
accessible form for visually impaired user. In otisrds, to explore the extent to
which GraSSML can automatically generate the kiofdbest-practice presentations
that other approaches generate manually or seroveically. The system would be
used to render GraSSML versions of a diagram asal r@nder a standard graphical
version of the same diagram and compare the reiultgsability and accessibility
purposes. In this way it can establish whetheriribkision of the information behind
the diagram contributes to the usability and adb@ég of the rendering of the

diagram.

204



Chapter 8

Conclusion and Future Work

This thesis contributes to the representation afi@dms in a way that improves
the ability to enquire and reason about the infdiomeon which the diagram is based
and thus making diagrams more perceivable, ope@ideunderstandable and, as a
result, suggesting enhanced accessibility berfefitsuch diagrams.

This chapter summarizes the main findings of tiseaech, presents the research

contributions made and discusses open issues dedtiabfuture work.

8.1 Main findings of the research

Diagrams offer powerful advantages (Chapter 2) res@nting, accessing and
processing information. They are created in ordecdmmunicate a specific intent
which needs to be accessed to discover the knowldawgdiagram carries.

Different approaches aiming at making diagrams sgibée have been reviewed
and analysed (Chapter 3). This analysis allowedidkatification of a number of
issues current approaches present for the probfediagrams accessibility on the
web. The absence of information “behind” the diagnahich is lost at the creation
stage has been identified as the main problem. [Eats to the identification of a set
of requirements (Chapter 3 section 3.5) a new ampreshould satisfy in order to
overcome them. This set of requirements would berporated into a system aimed
at creating perceivable, understandable and opedidyrams.

This research explored the concepts underlying mpéete system based on
these requirements and defined a solution for sgpeeific diagram classes (Chapter
2 section 2.4.5). The proposed approach is diretde@rds the acquisition of the

information behind carefully selected “formal diagrs”.

8.2 Contributions

The contributions of the thesis are summarizecbow:
* The GraSSML Conceptual Architecture
» A fully working prototype demonstrating the feasitigiand applicability of

the approach for three different application doraain
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* A methodology to apply the GraSSML conceptual dedture to a given
application domain
* Credibility of GraSSML: evidence of the benefits GfaSSML through

instances of evaluation of the working prototypéhwisers.

8.2.1 The GraSSML Conceptual Architecture

The main contribution of this research is the idtrction of a novel approach
called Graphical Structure Semantic Markup Langag@raSSML). The hypothesis
underlying the GraSSML approach is that: “if inf@aton on the structure and the
semantics of formal diagrams were preserved, mpale bf the diagram’ by willing
authors at the creation stage, these diagrams vibeuidore perceivable, operable and
understandable and, as a result, suggest enhamcedstility benefits for such
diagrams”

GraSSML makes the information on the structure Hred semantics of the
diagrams ‘part of the diagram’. Graphical contaenio longer thought of as ink on the
paper or pixels on the screen but as the intrissiacture and semantics of the
information. The aim is to start with the infornmati behind the diagram content
instead of its graphical (visual) presentation &neh generate one of its possible
presentations without losing access to the inmakning. Thus, rather than starting
from a filtered view (i.e. low level, low informatn image) and trying to infer the
information, the initial information is used astaring point.

GraSSML contributes to the representation of diagran a way that improves
the ability to enquire and reason about the infdiomeon which the diagram is based
and thus making diagrams more perceivable, ope@ideunderstandable and, as a
result, suggesting enhanced accessibility berfefitsuch diagrams.

This framework relies on the presence of esserg&écted information
provided by domain experts and the willingness wthars to allow the capture and
access to such information while creating theigdians upon which the approach
relies. This exposes a new way of thinking aboetaththoring of diagrams.

In order to evaluate the GraSSML approach, thréferdnt evaluations from
three different perspectives have been carriedategchnical perspective evaluation,
an author’s perspective evaluation and a user'speetive evaluation. These are
discussed in section 8.2.2, section 8.2.3 andmse8tR.4 respectively.
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8.2.2 Fully working prototype

The viability of the approach and its applicability three different application
domains has been demonstrated through a fully wgnarototype.

A fully functional implementation of the GraSSMLrueptual architecture has
been implemented in a proof-of-concept tool (Gra&Sivbtotype). Three use cases
have been considered, each for different classesdiagrams from different
application domains: Process diagram “UML Activibyagram” (Chapter 5 section
5.3), Hierarchical diagram “Organisational ChafGhapter 5 section 5.2) and Charts
“Financial charts” (Chapter 6).

The system uses a combination of web technologmetiding OWL, RDF,
XSLT, GRDDL, along with some new XML based languag&ineML), in an
attempt to enable the authoring of diagrams baseth@r meaning (semantics) and
not their visual rendering/ presentation. This esqsoa new way of thinking about the
authoring of diagrams and is an interesting usthefsemantic web technologies to
assist this authoring process.

The GraSSML prototype has demonstrated that theS&vH. conceptual

architecture is sound.

8.2.3 Methodology to apply the GraSSML approach

A methodology to apply the GraSSML conceptual dedture to a ‘formal
diagram’ in a given application domain has beerettged. An author’'s perspective
evaluation provided information on the viabilitydaapplicability of the methodology
developed for the application of GraSSML concepéuahitecture.

Olivier BRAECKMAN, an MSc student, independentlypiied GraSSML to
financial reports in order to represent “finanahhrts” in a way that it is possible to
reason and enquire over the information they cdhys making them more
perceivable, operable and understandable and, asesalt, enhancing their
accessibility. The application of the methodoldgg been tested by Olivier during a
double blind trial in which he, alone, performee tthata gathering, processing and
recording as well as an initial analysis. After efhthe results and data obtained were
analysed, interpreted and evaluated. The viakdlitg applicability of the GraSSML
approach was successfully assessed by Olivier wtiended the system for a
different class of diagrams. The evaluation of fmecess is presented in the

evaluation chapter from an author’s perspectiveafifdr 6).
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8.2.4 Credibility of GraSSML

The credibility of GraSSML has been demonstrateduh the ability to reason
and enquire about the information behind the diagrdhis ability to reason and
enquire has been demonstrated through the proodtudept prototype.

The three use cases implemented within the GraSgidlotype demonstrated
the feasibility, viability and applicability of th&raSSML approach but did not
provide any insight on whether GraSSML supporthiyeothesis.

An evaluation of the GraSSML prototype (Chapter égrried out with two
blind users and three sighted users against & peedefined tasks, demonstrated the
perceivability, operability and understandabilifydiagrams using GraSSML and as a
result demonstrated the hypothesis.

Accessibility of diagrams is one possible applmatof the proposed approach.
Using GraSSML, the information content of the dagr(structure and semantics) is
captured at the creation stage. The availabilityhed information is a key aspect of
the approach. It allows GraSSML to provide, usard aomputers, the ability to
enquire and reason over this information. By makihg meaning explicit then
GraSSML assist perceivability, operability, undanstability and so, even though it is
not directly tested, there is like an inductives@a for having these three principles.
So by making diagrams perceivable, operable an@émstahdable then by definition
GraSSML can make them more accessible. Due to limgations and lack of
resources we cannot test this directly by carryirggor user studies.

GraSSML could also be used in other type of systdiffierent application

8.3 Open issues and future work

The work so far has demonstrated the feasibility @ability of the GraSSML
approach but further work is needed to fully elaberthe architecture and test its
general applicability. Work of value would be:

% Authoring process
« The GraSSML approach involves significant changesthie authoring
process and the awareness of graphical informdtiothe author and the
user. It involves different phases which may bensae expensive in time
and effort. The time spent in the creation of scibgntologies, the creation
of the notational conventions, the choice of usgfigries, and the creation

of the verbalisation model templates may be alhseerequiring too much
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effort. Creating accessible diagrams is time consgrand any facilities to

shorten the timescale and reduce the effort woeldadlvantageous. The
development of authoring tools to make the appragable for a range of

authors is to be considered. It is believed mamyeld@ments could be
carried out in order to make the process of usimgSSML a pleasant
experience, making a range of authors confidersiviability as a solution

to the problem of diagrams accessibility.

e This could be made in different ways considering #xpertise and
experience of the author and the user. The authpdools could allow the
creation of accessible diagrams by providing prieeef libraries for data
models, predefined verbalisation templates and Mineefinitions for a
number of often used diagram classes for exampilis. dould also involve
the inclusion of editing tool for the creation gfesific ZineML markups,
templates, query systems, notational conventioristhis stage different
options could be envisaged. The ultimate goal bémngssist authors in
learning and applying the GraSSML framework, depelg specific
ontologies, various representation levels of gregletc.

* A certain amount of domain knowledge is essentmparticular for the
choice of minimal information needed (“primary rasmes”) and the choice
of the appropriate vocabulary. A method to measumnat a good data
model is should also be considered and be credted. should allow
knowing if there is enough information to produceedfective alternative.

% Improve the GraSSML approach

* At the moment the GraSSML prototype includes a SRARendpoint,
though not visible to user. It essentially provideauser interface with
specific queries to illustrate the approach. Ofbarre options include

» providing an explicit SPARQL endpoint to users,
» a richer set of queries for situations where usskd are well-
defined,
* a natural language interface to either pre-defumeeries or a “full”
SPARQL endpoint.
* Ontology at the structure level could be definddvaihg the manipulation

of the structural information of the diagram (ejgeries on the structure).
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e As not all users and situations are the same, al#ipt is needed. Due to

X/

the diversity of users’ ability and knowledge, disity of devices and
taking into account new regulations and guidelimesccessibility, there is
a real need to make diagrams accessible and atlaptakhe context in
which they are used. Adaptability has been consileand taken into
consideration during the design process of GraSSML although it is
possible to implement it has not been done for tiemsons. So further
development are needed at the presentation lethedr enodalities should
be explored by using successful existing technelguch as the T3
(RNCB, 2009) or the IVEO (VIEWPLUS, 2009) project presenting the
information collected using multimodal modalitiesq. Audio/Tactile)
Possibilities of inserting an Explanation level ahiwould justify the
different answers obtain from querying the data ehobased on the
information contained in the ontology should be sidared. At the
structure level, ZineML allows you to know infornaat about the diagram
that does not require you to know about the SVG 3ame applies at the
semantic level which allows you to know about themantic of the
diagram which does not require you to know abow #ineML
representation. If an explanation layer existsyilt be possible to explain
the reason behind the different answers from therygaystem. Not only
will GraSSML be able to provide you with answerst kalso with

explanations of why this information is provided.

% Applying GraSSML to other existing systems

Investigating the application of GraSSML to othgrséng systems could
be the subject of further research. Indeed, GraS$Mlld be the starting
point for many projects currently aiming to accgagsent, explore and
adapt graphical information (DUKE, 2004, MARRIOTTa., 2004).

Other researchers would be the main beneficiare@@sgbexposed to the
proposed GraSSML idea. In the long term all useduding visually

impaired people do stand to benefit.
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« Open source development: Releasing the GraSSML fragmvork on the Web

* A release of the GraSSML framework code to the ggnaublic on the
web would be of benefit to both the general publ the development
and evaluation of GraSSML itself.

% Evaluation of the benefit of the use of GraSSML

e« The evaluations carried out have demonstrated fiabilty and the
worthiness of the GraSSML approach but it is ackdedged that the
results are not conclusive. Further evaluationsexmériments are required
to reach a definitive conclusion on the benefitsa&3ML offers in
accessing diagrammatic information for all (blimg¢luded). A much larger
set of users should be recruited to take partritoee controlled evaluation
of GraSSML,; more thought needs to be put into ifferént way of testing
the different aspects GraSSML has to offer, adappedsentation
modalities included.

» Although GraSSML has been evaluated only with blusgrs accessing
diagrams, it is strongly assumed that the appraachd benefit a wider
range of users in diverse situations as for exarppleple who learn by
hearing information or people with learning disdigs that would benefit
from alternative presentations of graphical infotiora mobile users, etc.
GraSSML could also find a good use for educatiofeaening. Indeed
diagrams which are known to have great importancaducation could be
made to “reveal” information about them that migitt be obvious for
some readers. Evaluations along these lines sladgaddoe considered.

% Possible Standardisation

This research could be the starting point to aressibility guideline for vector
graphics similar to WAIL. WAI Support for the appah would be needed and system
support (browsers and assistive technologies (scgeen readers)) to allow users to
access the graphics at the logical or semantic waethe graphic would be needed

and could occur as a result.

8.4 Conclusion

The GraSSML approach contributes to the representaf diagrams in a way
that improves the ability to enquire and reasonuéloe information on which the

diagram is based and thus making diagrams moreeipalde, operable and

211



understandable and, as a result, suggesting erthawoessibility benefits for such
diagrams. The technical perspective evaluation d&nel author's perspective
evaluation demonstrated the feasibility, viabilagd applicability of the GraSSML
approach. And finally the user's perspective eusbma demonstrated the
perceivability, operability and understandabilifydiagrams using GraSSML and as a

result validated the hypothesis.

212



References

ALDRICH, F. & SHEPPARD, L. (2000) 'Graphicacy" tHeurth 'R'? Primary
Science Revievé4,8.

AMBLER, S. W. (2001)The Object Primer: The Application Developer's Guid
Object-Orientation and the UMICambridge University Press, 0521785197.

ARNOLD, D. & DUCE, D. (1990)ISO Standards for Computer Graphics
Butterworth-Heinemann Ltd, 0408040173.

AULT, H. K., DELOGE, J. W., LAPP, R. W., MORGAN, M. & BARNETT, J. R.
(2002) Evaluation of Long Descriptions of StatiatiGraphics for Blind and
Low Vision Web Users.Computers Helping People with Special Needs.
Springer Berlin / Heidelberg.

BADROS, G. J., TIRTOWIDJOJO, J. J., MARRIOTT, K.EMER, B., PORTNOY,
W. & BORNING, A. (2001) A constraint extension ta@afable vector
graphics, Proceedings of the 10th internationalfer@mce on World Wide
Web. Hong Kong.

BAILLIE, C., BURMEISTER, O. K. & HAMLYN-HARRIS, J.(2003) Web-based
teaching: communicating technical diagrams with thision impaired,
Proceedings of the Multi-Modal Content: Flexibles-Rseable and Accessible:
the 2003 Australian Web Adaptability Initiative (@&/Al) Conference.
Bundoora, Victoria, Australia.

BALCHIN, W. G. V. & COLEMAN, A. M. (1966) Graphicacshould be the fourth
ace in the packCartographica: The International Journal for Geogtac
Information and Geovisualizatio,1, 23-28.

BENNETT, D. J. (2002) Effects of Navigation and oa on Task When Presenting
Diagrams to Blind People Using Souldagrammatic Representation and
Inference Springer Berlin / Heidelberg.

BENTLEY, J. (1986) Programming pearls: little laages.Communications of the
ACM, 2938, 711-721.

BENTLEY, J. L., JELINSKI, L. W. & KERNIGHAN, B. W.(1986) CHEM - A
Program for Typesetting Chemical Structure Diagraf@®mputers and
Chemistry Bell Labs.

BENTLEY, J. L. & KERNIGHAN, B. W. (1986) GRAP- A leguage for typesetting
graphsCommun. ACM29,8, 782-792.

BENYON, D., TURNER, P. & TURNER, S. (2008esigning Interactive Systems -
People, Activities, Contexts, Technologies

213



BERTIN, J. (1983)Semiology of graphicsyladison, University of Wisconsin Press,
0299090604.

BIGHAM, J. P., KAMINSKY, R. S., LADNER, R. E., DANHLSSON, O. M. &
HEMPTON, G. L. (2006a) WebInSight: making web imsagaccessible,
Proceedings of the 8th international ACM SIGACCES8&hference on
Computers and accessibility. Portland, Oregon, USA.

BIGHAM, J. P., MKAMINSKY, R. S., LADNER, R. E., DANELSSON, O. M. &
HEMPTON, G. L. (2006b) WeblInSight:: making web ireagaccessible,
Proceedings of the Proceedings of the 8th intesnaliACM SIGACCESS
conference on Computers and accessibility. Portl@nelgon, USA.

BLACKWELL, A. F. & ENGELHARDT, Y. (2002) A meta-taonomy for diagram
research. IN OLIVIER, P., ANDERSON, M. & MEYER, B(Eds.)
Diagrammatic Representation and Reasonlmndon, Springer Verlag.

BLENKHORN, P. & EVANS, D. G. (1998) Using speechdaouch to enable blind
people to access schematic diagradmurnal Of Network and Computer
Applications,21,1, 17-29.

BRAECKMAN, O. (2008) GraSSML financial charts proje MSc Dissertation,
School of Technolog@xford, Oxford Brookes University.

BROWN, A., STEVENS, R. & PETTIFER, S. (2004) Issuesthe non-visual
presentation of graph based diagraRreceedings of the Eighth International
Conference on Information Visualisation.

BULATOV, V. & GARDNER, J. (2004) Making Graphics Aessible, Proceedings
of the SVG Open 2004. Tokyo, Japan.

CARD, S. K., MACKINLAY, J. & SHNEIDERMAN, B. (1999)Using vision to
think. Readings in information visualization: using visitm think. Morgan
Kaufmann Publishers Inc.

CASNER, S. M. (1991) Task-analytic approach to @lnéomated design of graphic
presentationsACM Transactions on Graphic$0,2, 111-151.

CLEVELAND, W. C. & MCGILL, R. (1984) Graphical Peszption: Theory,
Experimentation, and Application to the DevelopmehtGraphical Methods
American Statistical Associatiorn9,387, 531-554.

COOPER, C., DUCE, D. A, LI, W., SAGAR, M., BLAIR;., COULSON, G. &
GRACE, P. (2005) The Open Overlays Collaborativek&pace, Proceedings
of the SVG Open 2005.

CORNELIS, M. & KRIKHAAR, K. (2001) Guidelines for &scribing Study
Literature, Available athttp://projects.dedicon.nl/tedub/#Guidelinetast
accessed 2008.

DOUG, S. & CULLER, M. (2009) A City Upon a Screen

214



Exposing Civic Data Through Accessible Interactiv@ata Visualizations,
Proceedings of the SVG Open 2009. Mountain Viewif@aia.

DRC, D. R. C. (2004a) Formal Investigation repaveb accessibility, Available at
http://www.drc-gb.org/publicationsandreports/repsp Last accessed 2009.

DRC, D. R. C. (2004b) The Web: Access and incluswrdisabled people, Available
at http://joeclark.org/dossiers/DRC-GB.htnhlast accessed 2009.

DUCE, D. A., HERMAN, |. & HOPGOOD, F. (2002) Web 2Braphics File
Formats Computer Graphics Forun21,1, 43-64.

DUKE, D. J. (2004) Drawing Attention to Meanin@yberPsychology & Behavior,
7,6, 673-682.

DUKE, D. J., BRODLIE, K. W., DUCE, D. A. & HERMANI. (2005) Do You See
What | Mean1EEE Computer Graphics and Applicatior2§, 3, 6-9.

ELZER, S. & SCHWARTZ, E. (2007) A Browser Extensifor Providing Visually
Impaired Users Access to the Content of Bar Clartthe Web. , Proceedings
of the 3rd WEBIST Conf. on Web Information Systearsd Technologies.
Barcelona, Spain.

EUROPEAN, l. S. (2009) e-Inclusion, Available at
http://ec.europa.eu/information society/activitstlusion/index en.htm
Last accessed 2009.

FATHULLA, K. & BASDEN, A. (2007) What is a diagram®Proceedings of the 11th
International Conference Information Visualization.

FERRAIOLO, J. (2008) How Ajax Changes the GameSWiG, Proceedings of the
SVG Open 2008. Nuremberg, Bavaria.

FERRES, L., VERKHOGLIAD, P., LINDGAARD, G., BOUCHER..,, CHRETIEN,
A. & LACHANCE, M. (2007) Improving accessibility tstatistical graphs:
the iGraph-Lite system, Proceedings of the 9th rinational ACM
SIGACCESS conference on Computers and accessibilgynpe, Arizona,
USA.

FERRES, L., VERKHOGLIAD, P., SUMEGI, L., BOUCHER,,LLACHANCE, M.
& LINDGAARD, G. (2008) A syntactic analysis of agsbility to a corpus of
statistical graphs, Proceedings of the 2008 intemnal cross-disciplinary
conference on Web accessibility (W4A). Beijing, @i

FIELDING, R. T. (2000) Architectural Styles and tli¥esign of Network-based
Software Architecturednformation and Computer Sciend®VINE, USA.,
UNIVERSITY OF CALIFORNIA.

FRANKLIN, K. M. & ROBERTS, J. C. (2004) A Path Bas®lodel for Sonification,

Proceedings of the Information Visualisation, Elghtinternational
Conference.

215



FREEDOMSCIENTIFIC. (2009) JAWS Screen Reading Safty Available at
http://www.freedomscientific.com/products/fs/jawmoguct-page.asp  Last
accessed 20009.

GARDNER, J. & BULATOV, V. (2001) Smart Figures, Sy@nd Accessible Web
Graphics, Proceedings of the CSUN Internationalf@emce on Technology
& Persons with Disabilities Conference. Los Angelea.

GARDNER, J., RANGIN, H. B., BULATOV, V., KOWALLIK,H. & LUNDQUIST,
R. (1997) The Problem of Accessing Non-Textual infation On The Web,
Proceedings of the International World Wide Web f@oence. Santa Clara,
CA.

GILLIES, J. & CAILLIAU, R. (2000) How the Web Was Born: The Story of the
World Wide WepOxford Paperbacks, 0192862073.

GILSON, O., SILVA, N., GRANT, P. W. & CHEN, M. (2@) From Web Data to
Visualization via Ontology Mapping, Proceedingstoé Eurographics / IEEE
VGTC Symposium on Visualization (EuroVis '08). Haden, Netherlands.

GOLOVCHINSKY, G., REICHENBERGER, K. & KAMPS, T. (%) Subverting
Structure: Data-Driven Diagram Generation, Proaegsli of the 6th
conference on Visualization '95.

GONCU, C. (2009) Generation of accessible diagrdamssemantics preserving
adaptationACM SIGACCESS Accessibility and CompuyfiBg 49-74.

GURR, C. A. (1999) Effective Diagrammatic Commumiga: Syntactic, Semantic
and Pragmatic Issuedournal of Visual Languages and Computidg, 317-
342.

GWMICRO (2010) Window-Eyes, Available attp://www.gwmicro.com/Window-
Eyes! Last accessed 2010.

HARPER, S., YESILADA, Y. & GOBLE, C. (2006) Proceeds of the 2006
international cross-disciplinary workshop on Webcessibility (WA4A).
Edinburgh, U.K., ACM.

HELLER, M. A. (1989) Picture and pattern perceptinrthe sighted and the blind:
the advantage of the late blirféerception, 18,3, 379-389.

HENRY, S. L. (2007)Just ask: integrating accessibility throughout desilLulu,
2007, 1430319526

HERMAN, I. & DARDAILLER, D. (2002) SVG Linearizatio and Accessibility
Computer Graphics Forun21,4, 777-786.

HORN, R. (2001) Visual language and converging rietdgies in the next 10--15
years (and beyond), Proceedings of the Nationalerfsei Foundation
Conference on Converging Technologies (Nano-Bio-l@bgno) for
Improving Human Performance.

216



HORSTMANN, M., LORENZ, M., WATKOWSKI, A., IOANNIDIS G., HERZOG,
0., KING, A, EVANS, D. G., HAGEN, C., SCHLIEDER,.(BURN, A. M.,
KING, N., PETRIE, H., DIJKSTRA, S. & CROMBIE, D. (®4a) Automated
interpretation and accessible presentation of teahrdiagrams for blind
people. The New Review of Hypermedia and Multimedia, Spasgue:
Accessible hypermedia and multimetla2, 141-163.

HORSTMANN, M., MAGEN, C., KING, A., DIJKSTRA, S., ROMBIE, D.,
EVANS, G., IOANNIDIS, G., BLENKHORN, P., HERZOG, O&
SCHLIEDER, C. (2004b) TEDUB: Automatic Interpretatiand Presentation
of Technical Diagrams for Blind People, Proceedinfshe Conference and
Workshop on Assistive Technologies for Vision andaHng Impairment:
State of the Art and New Challenges. Granada, Spain

HUYNH, D., MAZZOCCHI, S. & KARGER, D. (2005) PiggBank: Experience The
Semantic Web Within Your Web Browser, Proceedinfyshe International
Semantic Web Conference (ISWC).

JAVA (2009) Java Access Bridge, Available at
http://java.sun.com/javase/technologies/accesif@ticessbridge/index.jsp
Last accessed 2009.

JENA (2009) JENA: A Semantic Web Framework for Javiavailable at
http://jena.sourceforge.net/ast accessed 2009.

KELLEY, J. F. (1984) An iterative design methodojofpr user-friendly natural
language office information applications1226-41.

KELLY, B., PHIPPS, L. & HOWELL, C. (2005a) Implemtmg a holistic approach
to e-learning accessibility, Proceedings of the AL 2005 12th International
Conference Research. University of Manchester, &gl

KELLY, B., SLOAN, D., PHIPPS, L., PETRIE, H. & HAMITON, F. (2005b)
Forcing standardization or accommodating diversitg? framework for
applying the WCAG in the real world, Proceedingghsd 2005 International
Cross-Disciplinary Workshop on Web Accessibility4®). Chiba, Japan.

KENNEL, A. R. (1996) Audiograf: a diagram-reader foe blind, Proceedings of the
second annual ACM conference on Assistive techmedodyancouver, British
Columbia, Canada.

KERNIGHAN, B. W. (1982) PIC - A Language for Typé&ssg GraphicsSoftware
Practice Experiencel2 1-21.

KERNIGHAN, B. W. (1991) PIC - A Graphics Languager fTypesetting User
Manual. IN DOCUMENTS, I. U. P. S. M. S. (Ed.).

KULPA, Z. (1994) Diagrammatic representation anasming.Machine Graphics &
Vision,3,1/2, 77-103.

217



KURZE, M., PETRIE, H., MORLEY, S., DECONINCK, F. & TROTHOTTE, T.
(1995) New approaches for accessing different etasdg graphics by blind
people, Proceedings of the 2nd TIDE Congress. Pamsterdam.

LARKIN, J. H. & SIMON, H. A. (1987) Why a Diagrans (Sometimes) Worth Ten
Thousand Word€ognitive Sciencel,1 65-100.

LEWIS, R. (2006) The meaning of ‘life": capturingtant from web authors,
Proceedings of the 2006 international cross-dis@py workshop on Web
accessibility (W4A): Building the mobile web: redasering accessibility?
Edinburgh, U.K.

LOHSE, G. L., BIOLSI, K., WALKER, N. & RUETER, H.1094) A classification of
visual representation€.ommunications of the ACN37,12, 36-49.

LOHSE, J., RUETER, H., BIOLSI, K. & WALKER, N. (199 Classifying Visual
Knowledge Representations: A Foundation for Visslon Research,
Proceedings of the Visualization '90. San Franci€&g USA.

MACKINLAY, J. (1986) Automating the design of grdphal presentations of
relational informationACM Transactions on Graphics,2, 110-141.

MARRIOTT, K., MEYER, B. & STUCKEY, P. (2004) TowasdFlexible Graphical
Communication Using Adaptive Diagrams, Proceediofythe Advances in
Computer Science - ASIAN 2004.

MCCATHIENEVILE, C. & KOIVUNEN, M.-R. (2000) Accesbility Features of
SVG, Available ahttp://www.w3.0org/TR/SVG-accesd/ast accessed 2009.

METATLA, O., BRIAN-KINNS, N. & STOCKMAN, T. (2008) Constructing
relational diagrams in audio: the multiple perspechierarchical approach,
Proceedings of the Proceedings of the 10th intenmat ACM SIGACCESS
conference on Computers and accessibility. Halifoya Scotia, Canada.

MICROFORMATS (2005) MICROFORMATS, Available at
http://microformats.org/Last accessed 2009.

MIKOVEC, Z. & SLAVIK, P. (1999) System for Picturmterpretation for Blind,
Available at http://cs.felk.cvut.cz/~xmikovec/bis/interact99/edhtml Last
accessed 2009.

MILLER, G. (1956) The Magical Number Seven, PlusMinus Two: Some Limits
on Our Capacity for Processing Informati®sychological Revievg3 81--97.

NARAYANAN, N. H. (1997) Diagrammatic communicatioA:taxonomic overview.
IN KOKINOV, B. (Ed.) Perspectives on Cognitive Sciencgofia: New
Bulgarian University Press.

NBA (2000) Excerpts from the NBA Tape Recording Mal Third Edition,
Available athttp://www.w3.0rg/2000/08/nba-manuadl/ast accessed 2009.

218



NCAM (2006) Beyond the Text project: Design GuideB for Electronic
Publications, Multimedia and the Web, Available at
http://ncam.wgbh.org/publications/adrhast accessed 2009.

NCAM (2008) Effective Practices for Description $€ience Content within Digital
Talking Books, Available at
http://ncam.wgbh.org/publications/stemdx/index.hthast accessed 2009.

NCTD (2008) RNIB National Centre for Tactile Diagra, Available at
http://www.nctd.org.uk/index.asjhast accessed 2009.

NEUBERG, B. (2009) SVG in Internet Explorer and @bogle, Available at
http://www.svgopen.org/2009/keynotes.shthdst accessed 2009.

NIELSEN, J. & MOLICH, R. (1990) Heuristic evaluatioof user interfaces,
Proceedings of the Proceedings of the SIGCHI cenfss on Human factors
in computing systems: Empowering people. Seattlgsihgton, United
States.

NOY, N. F. & MCGUINNESS, D. (2000) Ontology Developnt 101: A Guide to
creating your first Ontologystanford KSL Technical Report KSL-01-05

NVDA (2010) NonVisual Desktop Access, Available dtttp://www.nvda-
project.org/ Last accessed 2010.

OMG (2007) XML  Metadata Interchange (XMI), Availabl at
http://www.omg.org/technology/documents/formal/xmin. Last accessed
20009.

OU, K. N. (2009) Guidelines for describing visuahthing material, Available at
http://kn.open.ac.uk/public/workspace.cfm?wpid=270&st accessed 2009.

PATIL, S. R. (2007) Accessible image file formattse need and the way (position
paper), Proceedings of the Proceedings of the 2@@tnational cross-
disciplinary conference on Web accessibility (W4Banff, Canada.

PETRIE, H., HARRISON, C. & DEV, S. (2005) Descrigitmages on the Web: a
survey of current practice and prospects for theréy Proceedings of the 3rd
International Conference on Universal Access in HowComputer
Interaction International (HCII). Las Vegas, NEVADA

PILGRIM, M. (2003) The Vanishing Image: XHTML 2 Migtion Issues, Available
at http://www.xml.com/Ipt/a/1240Last accessed 2010.

PROTEGE (2009) Open source ontology editor and kedge-base framework,
Available athttp://protege.stanford.edu/ast accessed 2009.

RESKINOFF, S., PASCOLINI, D., ETYAALE, D., KOCUR, I,
PARARAJASEGARAM, R., POKHAREL, G. P. & MARIOTTI, L. (2004)
Global data on visual impairment in the year 2G@@#losp.

219



RIBERA, T. M. (2008) Is the PDF format accessibleformation Technology and
Libraries 27,3, 25-43.

RNCB (2009) T3 Talking Tactile Technology, Availakdthttp://www.rncb.ac.uk/t3/
Last accessed 2009.

RNIB (2009) Royal National Institute of Blind Peepl Available at
http://www.rnib.org.uk/ Last accessed 2009.

ROTARD, M. & ERTL, T. (2004) Tactile Access to Salle Vector Graphics for
People with Visual Impairment, Proceedings of thv&GSOpen 2004. Tokyo,
Japan.

ROTH, P. & PUN, T. (2003) Design and EvaluationMuiltimodal System for the
Non-visual Exploration of Digital Pictures, Proceegb of the Interact 2003,
9th ICIP TC13 Int. Conf. on Human-Computer Intei@ct

SAP (2005) Accessing Maps, Diagrams, and similaje@Oriented Graphics, The
Science Access Project, Available at
http://dots.physics.orst.edu/graphics.hthdst accessed 2009.

SECTION508 (2009) Section 508 of the Rehabilitatidxct, Available at
http://www.section508.govLast accessed 2009.

SHNEIDERMAN, B. (1996) The Eyes Have It: A Task bgata Type Taxonomy for
Information Visualizations, Proceedings of the 198kEE Symposium on
Visual Languages.

SLOAN, D., HEATH, A., HAMILTON, F., KELLY, B., PETRE, H. & PHIPPS, L.
(2006) Contextual web accessibility - maximizing thenefit of accessibility
guidelines, Proceedings of the 2006 internationass:disciplinary workshop
on Web accessibility (W4A): Building the mobile welbediscovering
accessibility? Edinburgh, U.K.

STROBBE, C. (2008) SVG Accessibility Issues, Proaegs of the SVG Open 2008.
Nuremberg, Bavaria.

SUWA, M. & TVERSKY, B. (2002) External Representeits Contribute to the
Dynamic Construction of IdeaBiagrammatic Representation and Inference.
Springer Berlin / Heidelberg.

SWAN, H. (2009) Just how accessible is SVG?, Awdda at
http://www.iheni.com/just-how-accessible-is-svigast accessed 2009.

T2RERC (2003) Proceedings from the StakeholderrRayn Visual Impairment. IN
STROBEL, W. & BAUER, S. M. (Eds.).

TAKAGI, H. & TATSUYA, |. (2007) Technology Advanceand Standardization
Toward Accessible Business Graphiosiversal Access in Human-Computer
Interaction. Applications and Services.

220



TAKAHASHI, S., MATSUOKA, S., YONEZAWA, A. & KAMADA, T. (1991) A
general framework for Bi-directional translatiortween abstract and pictorial
data, Proceedings of the 4th annual ACM symposiumUser interface
software and technology. Hilton Head, South Cagllonited States.

TAYLOR, M. (2008a) Describing graphs, charts andagdams, Available at
http://kn.open.ac.uk/public/workspace.cfm?wpid=275#st accessed 2009.

TAYLOR, M. (2008b) Flow chart template, Available t a
http://kn.open.ac.uk/public/workspace.cfm?wpid=304dst accessed 2009.

TENNISON, J. (2005) Managing Complex Document Gatien through Pipelining,
Proceedings of the XTech

TUFTE, E. (1990) Envisioning Information Graphics Press USA (1990),
0961392118.

TUFTE, E. (1997)Visual Explanations: Images and Quantities, Eviderand
Narrative Graphics Press USA (1997), 0961392126.

TUFTE, E. (2001)The Visual Display of Quantitative Informatidraphics Press
USA; 2nd Ed edition (Jan 2001), 0961392142.

VIEWPLUS (2009) IVEO Tactile Touch and Audio Leargi System, Available at
http://www.viewplus.com/products/touch-audio-leapiVEO/. Last
accessed 2009.

VISHWANATH, K., VISWANATH, V., DRAKE, W. & LEE, Y. (2005)
OntoDiagram: automatic diagram generation for caitge heart defects in
pediatric cardiologyAMIA Symposium754-758.

VISIONS (2009) Services for the Blind and Visuallynpaired, Available at
http://www.visionsvcb.org/org chart graphical.htinhst accessed 2009.

VISWANATH, V., TONG, T., DINAKARPANDIAN, D. & LEE, Y. (2006)
Ontological modeling of transformation in heartetgfdiagrams. 799-803.

VORBURGER, M. (1999) Altifier: Web Accessibility Bancement tool.

W3C (1999) Web Content Accessibility Guidelines ,1.(Available at
http://www.w3.0rg/TR/WAI-WEBCONTENT/#content-struce. Last
accessed 2009.

W3C (2000) Authoring Tool Accessibility Guidelined.0, Available at
http://www.w3.0rg/TR/ATAG10/ Last accessed 2009.

W3C (2001) Scalable Vector Graphics (SVG) 1.0 Spmtion, Available at
http://www.w3.org/Graphics/SVGLast accessed 2009.

W3C (2002) User Agent Accessibility Guidelines 1.0Available at
http://www.w3.org/TR/IUAAG10/ Last accessed 2009.

221



W3C (2004a) Architecture of the World Wide Web, Mwole One, Available at
http://www.w3.0rg/TR/2004/REC-webarch-2004121I5st accessed 20009.

W3C (2004b) Composite Capability/Preference Prefil€C/PP): Structure and
Vocabularies 1.0, Available abttp://www.w3.org/TR/CCPP-struct-vocab/
Last accessed 2009.

W3C (2007) Gleaning Resource Descriptions from &t of Languages (GRDDL),
Available athttp://www.w3.0org/TR/grddl/Last accessed 2009.

W3C (2008a) RDFa Primer: Bridging the Human andaD#tebs, Available at
http://www.w3.org/TR/xhtml-rdfa-primerl ast accessed 2009.

W3C (2008b) SPARQL Query Language for RDF, Avaiablat
http://www.w3.0org/TR/rdf-sparqgl-queryl ast accessed 2009.

W3C (2008c) Web Content Accessibility Guidelines0,2. Available at
http://www.w3.0rg/TR/WCAG2Q/Last accessed 2009.

W3C (2008d) The World Wide Web Consortium (W3C) HAafle at
http://www.w3.0rg/ Last accessed 2008.

W3C (2009) HTML5 A vocabulary and associated ARIs HTML and XHTML,
Available athttp://dev.w3.org/htmi5/spec/Overview.htrhlast accessed 2009.

W3C (2010) Accessible Rich Internet Applications AIAARIA) 1.0, Available at
http://www.w3.0rg/TR/2010/WD-wai-aria-20100916ast accessed 2010.

WAI (2009) Web Accessibility Initiative (WAI), W3C, Available at
http://www.w3.org/WAI/ Last accessed 2009.

WALL, S. A. & BREWSTER, S. A. (2006) Tac-tiles: ntmhodal pie charts for
visually impaired users, Proceedings of the Praogsdof the 4th Nordic
conference on Human-computer interaction: changteg. Oslo, Norway.

WEB, A. F. A. (2002) How to Create Descriptive Tdat Graphs, Charts & other
Diagrams, Available at
http://www.cew.wisc.edu/accessibility/tutorials/daptionTutorial.htm Last
accessed 2009.

WEBAIM (2009a) Survey of Preferences of Screen ReamdJsers, Available at
http://webaim.org/projects/screenreadersurviegst accessed 2010.

WEBAIM (2009b) Web Accessibility in Mind, Availablat http://www.webaim.org/
Last accessed 2009.

WEBAIM (2010) Creating Accessible Flash Content, afable at
http://webaim.org/techniqgues/flast/ast accessed 2010.

WHITNEY, G. & KEITH, S. (2008) European Developmenn the Design and
Implementation of Training for elnclusion Sprindgarlin / Heidelberg.

222



WILMOT, P. D. (1999) Graphicacy as a form of comneation. South African
Geographical Journal2,81

WILSON, B. (2008) MAMA - the "Metadata Analysis arMining Application”,
Available athttp://dev.opera.com/articles/view/mamisast accessed 2009.

XBRL, I. C. (2007) eXtensible Business Reportingngaage, Available at
http://www.xbrl.org Last accessed 2009.

YU, W., REID, D. & BREWSTER, S. A. (2002) Web-baseulltimodal graphs for
visually impaired people, Proceedings of the lsimfradge Workshop on
Universal Access and Assistive Technology (CWUAATEambridge,
England.

223



Appendix A

Graphical Formats on the Web

There exist many file formats for diagrams. Thate fbrmats can be grouped
into two main types: raster and vector. The choire either depends on its
application; some file formats are more appropridi@n others depending on the
context they are used in. A review of the most camiyfound formats on the web is
presented as well as their main characteristicstlagid limitations. A review of Web
file formats is presented in (DUCE et al., 2002).

The following raster vs. vector format discussienntentionally nuanced as to
the context intended in this thesis which focusesliagrams.

Most of today’s web graphics are raster-based fnieg., GIF, PNG, and
JPEG). Despite its advantages for photographic @siathis earliest support for web
graphics presents many limitations for other typésgraphics such as diagrams.
Vector graphics formats (e.g. SVG, WebCGM and SV@R)the other hand, present
many advantages over raster-imafggmats for representing graphics such as

diagrams.

A.1 Raster formats

Raster-based formats consist of a rectangular afajxels. The information
describing every individual pixel (colour, opacitgic.) is needed to render the
graphic.

These are appropriate for some applications, fangie sharing photographs
on the Web, but they also have several limitatitmrsother applications such as
rendering diagrams. Their limitations can be suniredras follow:

s Time consumed in downloading large filesThe size of raster formats is
important which can be an issue for their transimissTo tackle this issue,
two kinds of compression technique are implementggaending on the file
format: lossless and lossy. With lossless comprasshe file size is reduced
without losing image quality whereas lossy compagssnvolves losing

some information depending on the level of compoess
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% Resolution dependentRaster graphics cannot be scaled without losindjitgua
Indeed, being a resolution dependent format, expgrtie size will impact
on image quality.

* Not searchable: Raster graphics are not searchable as they doamot the
information represented in the image but only tifermationconcerning the
pixels to be rendered. The information concernlmgdiagram represented is
lost. To overcome this limitation, optical charactecognition (OCR)
techniques are used to recover the lost informatien these techniques
present some limitations themselves (i.e. noise htmigngender some
mistakes from the OCR).

Raster graphics are stored as a rectangular arfrgyixels. The structural
information of the diagram is lost. Although metiadaan be injected in some raster
formats, this facility imposes some constraintsh@scontent can only be described as
a separate part of the file format and not at midkvidual level of objects.
< Inability to style or make changes to the imageVery often the modification

of a diagram represented as a raster diagram esgrecreating the diagram
as it is either not possible to alter it or simpdy time consuming. This is
because it is not possible to edit individual pEfrtsuch raster graphics as
separate objects. Raster graphics do not havehility 40 be styled as no

separation between content and presentation is.made

< Inability to link or interact with the image: Although, linkage to some part of
the raster graphic is possible in HTML using imaggps which allows areas
of the image to be hyperlinked to further inforroati It is difficult to link
and interact with raster graphics as only an actessrendered version of

the information is available.

The three main raster formats used on the web B¥eRBIG and JPEG

A.1.1 Graphic Interchange format (GIF)

This format is suitable for simple computer graghsach as simple illustrations,
shapes, logos or diagrams with at most 256 coldurs format is widely supported
and used on the web as it can be efficient with moamnbers of colours. It also offers
transparency, interlacing and limited animationpup It compresses the graphic

without losing data or distorting it.
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A.1.2 Portable Network Graphics (PNG)

PNG is a free open source lossless file format.gksasaved as PNG are
efficiently compressed. PNG was developed as annaltive to GIF and provides full
colour (up to 24 bit in colour) support and is guteble for real world images. PNG,
which is a recommendation of the W3C and an ISO/MEahdard, was designed to be
used on the web.

PNG allows a short text description of the graptocbe embedded. This
information can be accessed by search engines.

A.1.3 Joint Photographic Experts Group (JPEG)

JPEG is the standard format for photographs onmdile as it supports a full-
colour image (16.7 million colours) which producgsod results for this type of
graphics. JPEG uses the lossy compression technwjueh offers a good
compression ratio but unlike GIF/PNG, JPEG losasesof its information when
compressed. Progressive JPEG allows a foggy viethveoéntire image while the rest
of the image is downloaded.

This format allows metadata to be embedded withm file header offering

additional information about the image.

A.2 Vector formats

Vector formats define a rich set of geometric otgiewhich can be rendered to
produce a visual image. The vector objects arerprééed and then drawn by
translating them into a raster image if displayedaoraster display. Vector formats
present many advantages over image format:

% Resolution independent:Vector formats are fully scalable without loss of
resolution. It is possible to alter the size withanoy impact on the quality as
the geometry adjusts to the changes. So, they eaaobimed and resized as
needed as they adapt well to arbitrary resolution.

s Smaller size: Files are “generally” smaller and the size is irefegent of
resolution, so they can often be downloaded andedefaster than raster
images.

«»  Searchable:Additionally, the text of the graphics can be skattwhen text is
represented as text strings (it is sometimes rt#se). Indeed, text is also a

vector object, so it can be accessed by searclmenglihe text can also be
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selected, copied, edited and modified. Additionébimation (metadata) can
be added and made an integral part of the struofuie graphics.
Both proprietary standards such as SWF and opedatds such as WebCGM
and SVG can be found.

A.2.1 Computer Graphics Metafile (CGM or WebCGM)

CGM, an ISO/IEC standard, is a file format for 2Bctor graphics, cell-array
graphics and text. CGM provides a rich set of piias and attributes to describe
graphics.

It allows 2D graphics data interchange. CGM usesdilps to enable it to be
tailored to the needs of specific application aigasell-controlled ways.

WebCGM is a profile of CGM and an ISO/IEC standfmd2D vector graphics
on the Web. It was developed by CGM Open in collabon with the W3C. It is a
recommendation of the W3C. WebCGM is mainly usetkahnical documents.

A set of metadata in WebCGM allows the supportygfdn linking and links to
the application data, layering, document navigatiocture structuring, search and
guery of the graphical information.

WebCGM does not have an XML representation and doemake use of CSS,
which can be seen as a limitation for some aptinat

With WebCGM 2.0 which became a W3C Recommendatioth an Oasis
Standard in 2007, metadata are XML-based usingXtte Companion File (XCF)
and WebCGM objects can be accessed using the DOM.

A.2.2 Scalable Vector Graphics (SVG)

SVG is a vector graphic open standard developedhbyW3C and heavily
influenced by the PostScript/PDF rendering modeld aprimitive/attributes
(FERRAIOLO, 2008).

The emergence of this W3C Recommendation (W3C, 26a& changed the
way 2D graphics are created on the web. SVG staiffeas a popular web format for
desktop computers and aimed at being a major vecamhics format for the web. It
has been widely supported by mobiles, authoringstaad browsers. Adobe, which
provided the Adobe SVG viewer (ASV) for IE, termied its development and
support. The lack of support of SVG in IE (SWAN,02) has been seen as the
biggest hold-up in its popularity. However, thissheeen addressed by Google
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(NEUBERG, 2009) who provide SVG support in all beans (e.g. Safari, Opera,
Firefox, IE) using either the native SVG support®vG Web” which is an advanced
JavaScript library that provides support for SVG.

Unlike WebCGM, SVG is an XML language and makes o$ehe CSS

mechanism supported on the Web.

A. Advantages and Accessibility features of SVG

SVG has introduced some accessibility features (MTEIENEVILE and
KOIVUNEN, 2000) that raster formats do not offeTEOBBE, 2008). When using
SVG, information about the graphic is availablehte browser in terms of the objects
it is composed of.

SVG presents many advantages and accessibilityrésgt some originating
from the vector graphic model, some inherited bse&sVG is an Extensible Markup
Language (XML) based language and some are pé#neafesign of SVG itself.

» Origination from the vector graphic model

* SVG inherits the advantages previously mentionedh sas resolution
independence, small file size, scalable, zoomadtéen text format and
maintainable.

» The structural information of the diagram coulddpeintegral part of the
graphic.

» Created graphical objects can be reused, making sthecture of
complex graphics easier to manage and understand.

» Being an XML based language.

* SVG is encoded as plain text offering new posgiedi for assistive
technology (text contained in text elements ard k@pct as such).

« SVG offers all the advantages of XML: interoperaypil Unicode
support, wide tool support, textual nature of XMloipression).

* SVG can be used as an XML namespace, so can terusenjunction
with other XML languages such as MathML, SMILE oHXML for
example. It also integrates well with other webhtexdogies (DOM,
CSS, XSLT, XPath, etc.). This allows appropriateglaage markups to
be used suitably by authors, increasing accegsibili

» Content can be adapted to the characteristicgfefeht clients through
the use of styling and scripting. CSS2 and XSLT learused to modify
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the presentation of an SVG graphic which is impurfar accessibility.
The rendering can be adapted to the needs of #re Tisis can be done
in different ways: style definition, using classasd grouping or by
providing style definitions for different media. 63 and XSLT allow
the user to modify the presentation of the graphiesy. colour,
visibility). SVG supports dynamic interactivity hag Scripting
potential, (EcmaScript).

» The information can be enriched by metadata whedp provide more
information about the graphic and can help thectefar information.

* Interaction becomes possible as an access to th 8lfdws assistive
technology to access the underlying structure efgttaphic.

> Part of the SVG design itself

» Alternative equivalent descriptions at the indiatlgraphical element
level allow authors to include a textual descriptend a title for each
logical component of graphic in order to conveyde in the graphic.

* It is possible to provide alternatives based on thdrea feature is
supported by using theswitch’ element and its defined attributes
(requiredFeatures or systemLanguage).

» SVG provides a number of style features beyondotperties defined
in CSS. These provide the ability for author toateecontent that can be
adapted to users needs; examples of such featucaslé masking,

filters, etc.

B. Limitations of SVG
Nevertheless, a number of limitations remain, asGSyraphics are not
automatically accessible.

e Structure might not be suitably authored: Even though SVG stores
structural information about the graphic as angrdakpart of the graphic,
the amount of structure is mainly author depend&he author has to
provide a well constructed structure. Some SVG dwnis are very badly
structured and therefore less informative. So dooafly, re-ordering the
hierarchical structure of the SVG to organize ofgjdgoto proper groups
may be necessary. The structure of the SVG magatethe sequence of

operations used to create the diagram, rather thanintrinsic object
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DEF GHI

structure within the diagram itself. This is likety be the case for diagrams
created with a general-purpose drawing tool. If a@ated using such a
tool, the final structure is dependent on the autlmme drawing tools
embed additional information in an SVG documenttisat higher level
structure (e.g. connectivity information) can beawered by the drawing
tool when the document is subsequently modified.c@irse one could
argue that SVG being an XML language, XSLT couldubed to achieve
the transformation.

Presents information at a low level of abstractionSVG does not capture
diagrams at a high enough level of abstractioms tore a “final form”
presentation, which has some drawbacks in thetdireation of complex,
highly structured, diagrams. It may be difficult this level to handle
resizing (which in general may involve a changethe layout of the
diagram, not just a change of scale) and re-positgpof different shapes
in complex diagrams. A simple modification suctchanging the layout of
a tree from vertical to horizontal can be awkwargtes the coordinates of
graphical elements have to be changed other thaapbplication of an
affine transformation (Figure 97).

ABC — DEF

|

| ABC —

— GHI

Figure 97: Example of simple modification in SVG

No adaptability possible: SVG does not allow ‘flexible’ readjustment of
layout in response to viewer requirements and fleaiag environment
such as different screen formats (PDA, mobile phate.). The issue is
that the intentions of the author are not totalfptared. This issue is
partially addressed with the “switch” statement ethialong with some
specific attributes provides the ability to specifjternative viewing
depending on user’'s capabilities or language. Salternative can be

provided depending on whether or not a featureppasrted.
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* Limit in generating alternative presentations: Although SVG stores
structural information about graphical shapes amtagral part of the SVG
document and allows metadata to be attached toitprés, there is little
real scope for generating alternative presentafiamms a description at this
level. If a document is not properly structuredg(e.careful use of
<g>elements), it becomes very difficult to provaleernative presentations
even if alternative descriptions are provided fatividual elements. Most
editors do not encourage authoring accessible Sy@obrectly grouping
elements or prompting for “title” or “desc” attritas for example.

» Implicit semantic of the information: An additional issue is that an SVG
document contains the semantics of the diagram iombyicitly. Authors
can include a text description for each logical ponent and a text title to
explain the component’s role in the diagram, buis thpproach of
“alternative equivalents” could become tedioustfa creation of complex
diagrams and also if the metadata added by theoraatte not accurate
enough, the semantics of the diagram could diffemfthe description
obtained from this metadata.

* Problems with keyboard accessibility:SVG does not provide keyboard

access support.

A.2.3 Small Web Format (SWF)

SWEF is a binary file format intended to deliver i@cgraphics and animations
on the web. SWF files can be generated from diffefelobe products, Flash being
an example.

It delivers vector graphics, text, audio (version Adeo (version 6) over the
internet. The file format SWF was initially desighley Future Wave Software; it was
then purchased by Macromedia and finally acquireédobe in 2005.

Adobe made the SWF format a partially open forrmat2008. The Flash
technology is widely used on the web. SWF files barplayed by the Adobe flash
player (either as a browser plugin or standaloageol).

Being of multimedia nature Flash has the abilitycteate highly accessible
content: multiple ways of presentation (audio, teyaphic, video, etc.), scalable,
keyboard accessible, extracting audio from the ahon is possible replacing the

need of a screen reader.
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Flash can be made accessible but to take advaofatieese abilities, many
issues have to be taken into account while credliadiles. For example, to address
blindness issues, the creator should ensure sceagler accessibility or provide an
accessible alternative, ensure keyboard accesgibilo not interfere with screen
reader audio or keyboard commands, provide texéggiivalent for all non-text
elements.

Flash can be made accessible if the Flash develdeeelops it with
accessibility issues in mind, such issues are egas many tutorials aiming at
directing such development (e.g. WebAIM article G&&MV, 2010)).

SWEF presents various drawbacks. It is not suppobgdany browser and
requires the use of a plugin. It is in a binarynfat which is not human readable. It
does not support cubic Bezier curves, font debnitihas limited zooming and limited

filtering.
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SUMMARY OF GRAPHICAL FORMATS and ACCESSIBLITY of INGRAMS on the WEB

Vector Formats: “set of geometric objects”

Raster Formats: “rectangular array of pixels”

Appropriate for charts, technical drawings, logets,
Resolution independent: fully scalable withouslo$ resolution
Generally small files size independent of resohutio

Appropriate for photographs and images using coxmgih@ading

TGRS Searchable when text is represented as text strings
Metadata can be added and made an integral ptr¢ structure of the
graphic
Not appropriate for a photograph File size, slow downloading speed
Resolution dependent: expanding will change afterguality
Structural information of the diagram is lost asyatata describing individual
Limitations pixels of the image is available, inability to sgafor the content of the image

Linkage to some part of raster graphic possiblenbtieasy
Not possible to edit individual part of such vedioages as separate objects
Appearance of the graphics cannot be styled

SVG WebCGM SWF PNG GIF JPEG
w3C A profile of CGM Partially open Open file format Best suited for simple Best suited for
Recommendation W3C recommendation and| Binary file format | W3C recommendation and| illustrations, logos or| Photography

open format
XML Based languagsg
Uses CSS and DOM
Native support in

ISO standard

Mainly used In technical
documents

Metadata which can be

Most used format
on the web for
displaying simple
animated vector

ISO/IEC standard

Efficient lossless
compression technique
Supports 24-bit true-colour

diagrams with only
solid colours or area
of uniform colours
Fixed 256 colours

Support full colour
images (16.7 million
colours)

Lossy compression

Characteristics | most browsers added are XML based usinggraphics images palette maximum technique
the XML companion File Browser plugin Acceptable for real world | Lossless compressionJPEG2000 also offers
(XCF) and support the required images technique lossless and lossy
DOM Offers transparency and Offers transparency | compression.
There is no XML better interlacing interlacing and
representation of WebCGM limited animation
WebCGM does not use CSS
Alternative Metadata can be added Keyboard Mechanism for adding Supports metadata whig
I descriptions Content accessible descriptive text to the image can be embedded in the
Accessibility ; : .
f Title Layerdesc Multiple way of file header
eatures .
Desc grnode presentation
g Text equivalent
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Appendix B

Accessibility

B.1 Definition

The World Wide Web (WWW) is an important resouréendormation which
has an impact on our every day life: education, mence, finance, politics, etc. The
World Wide Web Consortium (W3C), which is the imational consortium
developing Web standards, aims at “leading the Wklide Web to its full
potential”. It has defined four main goals with tfiest one being a “Web for
Everyone”, which involves making the benefits th&\W¥ offers “available to all
people, whatever their hardware, software, netwiafkastructure, native language,
culture, geographical location, or physical or marmbility” (W3C, 2008d).

In other words, accessibility involves providingcass to this information for
ALL, disregarding their disability, environment atethnology.

The word “accessibility” is used here in a sensat tis illustrated by the
following quotation (WAI, 2009):“Web accessibility means that people with
disabilities can perceive, understand, navigate] ameract with the Web, and that
they can contribute to the Web. Web accessibilgy benefits others, including older
people with changing abilities due to ageing. Welzeasibility encompasses all
disabilities that affect access to the Web, inalgdrisual, auditory, physical, speech,
cognitive, and neurological disabilities ... a kpyinciple of Web accessibility is
designing Web sites and software that are flexiblemeet different user needs,
preferences, and situations.”

Web accessibility has to be seen as a collectifeetdb improve the web, not
only by web developers who create the web contentalso by user agents (web
browsers, assistive technologies (e.g. screen re&adsed to access web content
(W3C, 2002) and by the web software producers wbweige tools (W3C, 2000) that
support and encourage accessible web design byosimp and propagating
guidelines developed by specific accessibilityiatives within the W3C, such as the
WAI (WAI, 2009). All over the world, legislation lsabeen put in place to ensure that

efforts are made by all.
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B.2 Legal Frameworks

Many laws and policies have been passed regardely accessibility. Web
accessibility has been long seen as a social regplity but the development of new
laws makes it a legal requirement. Many countriesirad the world (France, UK,
United State, New Zealand, etc.) have enforced wetessibility by setting up
specific legislation on the matter.

In the U.S, the Rehabilitation Act and the Amerganmith Disabilities Act
(ADA) are civil rights laws protecting disabled gd® from discrimination. The ADA
iIs more general, it does not deal directly withesmsibility of the internet. It is more a
law to make sure disabled people have equal oputds for education,
employment, transportation and inclusion. In 1988, amendment to section 508
(SECTIONS08, 2009) of the Rehabilitation Act instisuthe federal agencies to make
their Electronic and Information Technology (EITkcassible to people with
disabilities, which includes web sites.

In the UK, in 1995, the Disability DiscriminationcA(DDA), part Il aimed to
tackle the discrimination many disabled faced. gividers of goods, facilities and
services to the general public are required to iake account disable people. In
1999, amendment to this Part 1l mentions explicdileb Accessibility requiring web
sites to be accessible.

More recently, accessibility follows a path fromlegal obligation into an
opportunity for society inclusion. The European dmilooks at accessibility in a
different perspective through the “e-inclusion” timiive (EUROPEAN, 2009): an
opportunity rather than a solution to be imposedklgyslation.

This initiative aims at guiding society towards tlestablishment of an
“Inclusive Information Society” taking into accouttie whole range of population
differences: age (e-Ageing), disabilities (e-Acdafity), education (e-Competences),
geographical location. It does so by investing eselarch for the development and
deployment of technologies, by developing policeas] by promoting best practices.
ICT is seen as essential (WHITNEY and KEITH, 200&), opportunity for both
individuals and organisations to overcome tradaldvarriers to acquire information
much needed by all to be fully involved and playaative role in society (e.g. screen

readers allowing blind users to access current newede, pay taxes, live
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independently, etc.). Europe wants to be an “Adbesdnformation Society”, e-

accessibility, by promoting ICT accessibility, esipdly web accessibility.

B.3 Accessibility Guidelines

Accessibility has become a very important issue tfee World Wide Web
(WWW), and even more so, since the report on Webessibility from the UK’s
Disability Rights Commission in 2004 (DRC, 2004b).

The World Wide Web Consortium (W3C) is one of thading organisations in
promoting Web Accessibility and in developing gulines and techniques to
encourage the development of accessible web cotitemigh work from the W3C
Web Accessibility Initiative (WAI).

Web Accessibility guidelines have been defined upp®rt and promote web
accessibility. These guidelines have been set by Atxessibility standards. The
W3C Web Accessibility Initiative (WAI) (WAI, 2009leveloped the Web Content
Accessibility Guidelines (WCAG) (W3C, 2008c, W3®9B). The WCAG have been
developed over several years involving many paaicis including experts and
individuals sharing the same interest. They are thest widely accepted
recommendations to ensure web content accessiHiliy first version of the WCAG,
WCAG 1.0 (W3C, 1999) provided techniques to achiageessibility which were
mainly related to HTML. The second version WCAG ZW3C, 2008c), which
became a recommendation in December 2008 aimeeirad more general by taking
into account different advanced technologies treatehmade their place in today’s
web content and more precise so that compliancéd coe tested automatically.
WCAG 2.0 focuses on four principles of accessMiiliPerceivable, Operable,
Understandable and Robust (POUR) aimed at providiniexible framework to
encourage conceptual thinking throughout the poadsdesigning accessible web
content. Some techniques are presented as sefdacat@ents.

Many other organisations have developed guidelin@sed on the WCAG.
Another well known guideline is the one aiming as@ring the implementation of the
section 508 (SECTION508, 2009) of the U.S Rehalitih Act of 1973 which was
reinforced in 1998. Both the WCAG and section 5QG8/éh developed a set of
guidelines and techniques to address issues ortavebnt accessibility.

There are different kinds of disabilities. The fooain types are:

» Sight: blindness, low vision, colour-blindness
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* Hearing: deafness

* Motor: inability to type on a keyboard or/and mangie, control a mouse,
inability to click on small links

» Cognitive: clinical disability (includes autism, mentia, Down syndrome
or traumatic brain injury) and functional disabilit{difficulties with
memory, problem solving, attention, reading, lirsgigi verbal
comprehension, visual comprehension, mathematicapeehension).

Each type requires a certain amount of considerathen designing web
content. It is important to understand that suchsmerations benefit not only
disabled people but everyone finding themselves situation where one or many of
their senses might be impaired (e.g. broken armtdrjoscreen too small to display
graphic (sight), noisy environment (hearing), watkiin parallel on another task
(cognitive), etc.).

B.4 Blindness

The term blind is used in the following sense: thiass is defined as a total
absence of useful vision. It involves loss of ukaight caused by various origins
(inherited, disease, diet, etc.).

Blind cannot make use of external visual represems Some visually
impaired who are not clinically and socially categed as blind but do not make use
of external visual representation are also cons@len this research, as they depend
on other means of access than visual.

According to (RESKINOFF et al., 2004) in 2002, #hewvere 161 million
visually impaired people in the world, of whom ab@r million were blind. The
RNIB (RNIB, 2009) states that there are two milljggople with sight problems in the
UK of which 183,693 are registered as blind. ThellRBlIso specify that this number
is an under estimate as many blind people do mgster themselves as blind either
because they are not aware of the services thegrditbed to or they simply do not
want to.

Blind users are not able to see the screen sodbeyot rely on the computer
monitor and mouse that others use everyday toacttevith computers. Blind users
nearly always rely on screen readers to accesdgatavand interact with the
information presented to them on computers. Screader users mainly use their

keyboards as a way of navigating the web. As weltanverting text into speech,
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screen readers can also convert text into Brdiéaxcters on Braille devices for users
who might prefer Braille access or users who aed-tknd.

Screen readers provide access to speech or Bdallees. It is important to
mention the difference between blind people thatewgorn blind and those that
became blind later in life. People with congenitishdness and later in life blindness
have different ways of treating information (HELLEF989, KENNEL, 1996) as they
have different personal knowledge. Blind people weye not born blind recognise
and interpret graphical information much more gasil

B.5 Screen Readers

A screen reader is an assistive technology thatemakformation on the
computer screen accessible to blind users. It casept this information either in
speech or in Braille on a refreshable Braille devié screen reader often offers
functionalities through keyboard keys to interadthwmost of the information
presented (e.g. manage the flow of text, direcesedo lists, navigation of tables,
etc.). The most popular screen readers are JawSHBRMSCIENTIFIC., 2009),
Window Eyes (GWMicro, 2010) and NVDA (NVDA, 201®igure 98).

In the UK, agencies recommend NVDA and once theqeis proficient he can
judge if paying for another one is worthwhile. lled@mber 2008- January 2009, Web
Accessibility in Mind (WebAIM, 2009a) conducted argey of preferences of screen
reader users. WebAIM specifies that the sample coten reader users was not
controlled and so not representative of all screader users. Out of the 1121 persons
who took part at the survey, 74% use Jaws, 23%Wselow Eyes and 8% use
NVDA.

Screen reader types

T5%

Figure 98: Screen Reader Usage (WebAlIM, 2009a)
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When using a screen reader to access informati@veeb page, the interaction
experienced by the blind user, will depend on haall the web page is encoded.

Users of screen readers are presented the infanmiattia linear way, generally
from top left to bottom right, one line at a tino#,using other navigation methods for
example through the links, the frames, the headieigs

Using these assistive technologies, blind usens igaiependence. They do not
depend any more on others to access informatias triie for textual information but
is it true for other kinds of information: what alicaccess to graphical information?

What about diagrams?
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Appendix C

Accessibility of Diagrams

C.1 Diagrams on the Web

Currently it is possible to insert both vector drigg and vector images (raster

graphics) within a web page.

C.1.1 Diagram inserted as vector images

Vector images appear in web pages via dmag> element in HTML. The
location where the image is stored is specifiecdhgighe src attribute. The author
could add an alternative text for the image usgar¢éeide an equivalent alternative in

case the image cannot be seen.

e.g. <img src=" Mylmage.gif “ alt=" Text Alternative for My image” /> |

Depending on the context, HTML offers different gdities to add such
alternative descriptions using tladt-text and longdescattributes within the <img>
element. If the description cannot be done brifgn aralt textis not enough, so it is
necessary to either:

» Use the longdesc attribute to link the vector imegea long description.

» For user agents who do not support longdesc, th®ta d-link, which is a
link to a long description of the vector image, wlobe added after or next
to the image.

C.1.2 Diagram inserted as vector graphics

Vector graphics (e.g. SVG, SWF) can be embeddedeim pages via either the
<embed> element, the <iframe> element or the <tbjetement. However each of
these are supported differently by browsers (STRBBR008). Introduced by
Netscape, the <embed> element, even though supdoytenost browsers, has never
been accepted in HTML standard until it appearedhan HTML 5 working draft
(W3C, 2009). The <iframe> element is not suppoligdXHTML 1.1 (Strict) and is
slowly being replaced by the <object> element.

For the <object> element to be accessible to screaders, descriptive text,

HTML or other information should be enclosed withime object body. A text
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equivalent can be provided by inserting it betwd#enopening and closing tag as seen

in the following example:

e.g. <object data="Mylmage.svg” type=" image/svg+xml “>
Text equivalent for my vector graphic...
</ object >

In the event the <object> element cannot be digplahe code between its
opening tag (<object>) and closing tag (</objett>¢xecuted. This is called the fall-
back mechanism and should be used to provide amative way of presenting the
information.

When using <object> it is also possible to provmeger descriptions within the
element’s content. Unlike the alt-text attributetlbe <img> element, alternative
descriptions provided within the content of theeabjelement are not limited in size
and can include markup, adding more flexibilitythe type of information provided
(e.g. links). One extra advantage with the <objeddement is to provide alternative
representations of information by embedding othged elements within the content
of the current object element.

C.2 Guidelines for diagrams accessibility

At the time of writing this thesis, it is believatiat there are no specific
guidelines for making vector graphics accessiblehenweb. Guideline 1.1 from the
WCAG 2.0 (W3C, 2008c) attempts to address the aduéty problem of diagrams
represented as vector graphics or as vector imégey non-text” content) by
recommending the use of text alternatives. Suclometendations present some

limitations.

C.2.1 WCAG 2.0 - Guideline 1.1 Text Alternatives

In the context of web graphics accessibility, theimmguideline (Guideline 1.1
Text Alternatives in WCAG 2.0) states that it iscessary to“Provide text
alternatives for any non-text content (includes fexample pictures, charts, applets,
audio files...) so that it can be changed into otHerms people need, such as large
print, Braille, speech, symbols or simpler langua@ewhich involves providing an
alternative textual description of the informatioepresented graphically. When
possible, it is also recommended to provide a dasan of the image within the
general text.

As mentioned earlier if a diagram has been reptedess a vector graphic and

inserted using the <object> element, a text alter@sshould be provided using the
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fall back mechanism that the <object> element alawthe diagram is represented as
a vector image and inserted within a web page usleg<img> element, a text

alternative should be provided.

C.2.2 Limitations of Text Alternatives

Despite the efforts in developing Web accessibiktyandards, still many
designers either ignore them or simply do not feltbem properly (DRC, 2004b).

The two main problems concerning the descriptioneattor images on the web
(DRC, 2004a) are stated as:

» The omission of alt text attribute on many images
» The lack of useful information in the case of imagehich include a
description as an alt-text and/or longdesc attebut

MAMA (WILSON, 2008), the “Metadata Analysis and Nig Application”, is
a structural Web-page search engine developed bgraOpMAMA examined
3,509,180 URLs in 3,011,668 domains. Out of theasatysed, 91.74% used the IMG
element and out of this 78.30% included an Altilaste. This research does not
specify the validity or nature of the Alt attribute.g. valid and usable, empty) but its
frequency. Studies by Jeffrey P.Bigham (BIGHAM &t 2006b) found that out of
500 most high traffic websites, only 39.6% of sfgaint images found on their
homepages were assigned alternative text.

Some tools have been developed to facilitate trditiad of the alt text by
formulating, when possible using the context, araliging alt text automatically to
images (WeblInSight (BIGHAM et al., 2006a) and Adif VORBURGER, 1999)),
but these tools work only on some images, for #mainder human labelling is
suggested and encouraged.

Web Accessibility standards have provided an ingydricore in ensuring a
more accessible web but as stated by Brian Kellgl.etKELLY et al., 2005b) they
prove challenging in implementation in certain attans. As an example an alt text
attribute can be present but how do you validadé tie alternative text describing the
image is an appropriate alternative?

Sometimes even if they are used they are not usablearry the wrong
alternative text: as Kelly et al. (KELLY et al., @dga) point out the ALT tab merely
names, not explains an imag&o, if it is not the case it will still confornmotthe
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WCAG but won't be usable (i.e. the alt-text destoip is not useful). In this case
technical accessibility would be satisfied but Usazcessibility will not be achieved.

In an attempt to deal with all these issues, whigy support in a survey of 100
homepages, Helen Petrie et al. (PETRIE et al., PpfEsented the initial stage of a
program to encourage and improve the ALT-text dpsons by producing a set of
standard guidelines to produce useful descriptifmsiages. There are different kinds
of images used on the web, decorative images t@ai@vand structure a web page
and there are images that convey content informatiio understand a web page.
Vector images of diagrams are images which conwaytent information. Such
images can be classified in two group “simple” acmmplex” vector images.

The proposed guidelines allows decorative and smplages to be made
accessible using appropriate alt tags for shortrge#gns or longdesc attributes for
long description. Some (non-standard, non-official)delines have been produced in
an attempt to guide the creation of alternativecdpsons of diagrams (CORNELIS
and KRIKHAAR, 2001, OU, 2009, NCAM, 2008, NBA, 2008CAM, 2006, AULT
et al., 2002).

Most of the issues ALT-text presents have beengmsed and standardised.
Indeed, the HTMLS5 specification (W3C, 2009) prowde set of requirements (part
4.8.2.1 of the HTML5 specification) for providingxt to act as an alternative for
images depending on what the image is intende@goesent. But all these are not
enough (PATIL, 2007) for complex vector images @fgdams which are sometimes
“worth a thousand words” (LARKIN and SIMON, 1987)ndeed alternative
descriptions of complex diagrams are not triviaptoduce and their quality depends
on the expertise of the person authoring it. Dependn the author of the description
the process can be complex and costly in terrmad &ind effort.

Descriptions which are too long and too hard to ensénse from can become
confusing, tedious to read and hard to follow doelimited working memory
(MILLER, 1956). The distinction between overview damletails is hard. Such
description requires a reader to listen to a whadscription even if only some
specific information from the diagram is needed wité versa. This makes access to
complex diagrams an issue. Furthermore, some dregyrare really difficult to
describe or simply are inappropriate for textugbresentations as they provide
complex information which is not always accessibeguentially (LARKIN and
SIMON, 1987, MILLER, 1956).
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C.2.3 Screen Readers and diagram accessibility

Blind users are known to face a certain numberaofiéxs while accessing the
WWW (WAI, 2009) inaccessible graphics and poorlysadéded images with
inadequate description are some of them.

A screen reader is an assistive technology thatemakformation on the
computer screen accessible to blind users. A mwathildd description of screen
readers can be found in (Section B.5). Screenersaddave some limitations, they
cannot describe diagrams by themselves and they amlalternative description
information attached to the vector image. Diagraemesented as vector graphics

also present some challenges for screen readers.

A. Diagrams as vector images on the web

When the screen reader finds a vector image onbapage inserted using an
<img> tag in HTML, the screen reader looks for #ieattributes, three situations can
happen:

» If the alt-text attribute is present, the screemdss will read the attribute
which should in ideal cases provide a useful dpson of the vector image
of the diagram

« If the alt-text attribute is an empty string, thereen reader ignores the
image

 If the alt-text is missing, the screen reader im®ithe user that an image is
present but that no description is provided. Socnees readers in that case
convey the “image file path” (e.g. “file11022545@3%.jpeg”) or simply
the word “graphic” with no extra information. Scethiser is simply denied
access to information that could be important whislially leads to the
feeling of frustration.

Most of the older screen readers did not recogihisdongdesc attribute, which
is also poorly supported by browsers. Jaws (FREESGCMNTIFIC., 2009) for
Windows was the first product (from version 4.04)support the longdesc attribute.
Although now available in latest screen readersabsge it is used so infrequently,
many users are unfamiliar with the longdesc atteblA link to access more
information about the image is recommended for sitagtion.

Even if an alternative description of a vector imag read out by the screen

reader it does not mean that the screen readecarauey the meaning of all images.
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This is for reasons explained previously (i.e. adey and accuracy of the alternative
description or very long descriptions which areided to listen to and follow due to

working memory limitations) and which are indepemdef the screen reader’s

capabilities.

B. Diagrams as vector graphics on the web

Despite its many accessibility features (MCCATHIBNEE and KOIVUNEN,
2000) (see Appendix A section A.2.2), SVG is cutlsemot yet well handled by
screen readers (SWAN, 2009). The reasons why atkeamand various (browser
support and compatibility, not easy keeping up wist emergence of new
technologies, etc). Although a load of work is rexetb get screen readers to support
SVG and its accessibility features, the problemcisnowledged and progress is under
way.

The Accessible Rich Internet Applications documefWgAl-ARIA) (W3C,
2010) could become a future solution. It definegag to make Web content and Web
applications more accessible to people with digadsl by defining new ways for
adding information to be provided to assistive retbgy. WAI-ARIA is only a step
before becoming a recommendation and several brevesel assistive technologies
already support it. ARIA 1.0 does not focus muchSMG but will apparently do in
ARIA 2.0.

For Vector graphics inserted into an HTML page gshre <object> element, to
be accessible to screen readers, descriptive teattesnative representation should be
enclosed within the object content. But the faktbbenechanism of the object element

is not well supported by screen readers (PILGRIBN3).
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Appendix D
Accessibility of Diagrams and the WCAG 2.0

The four main principles of WCAG 2.0 (W3C, 2008@vk been used in this
thesis for specific visual web content: “diagram¥he focus is particularly on
perceivability, operability and understandabilitiy dagrams represented as “vector
graphics”.

In the context of this research project, the mmgtdrtant principle considered is

“Perceivable” as it is the principle for which assdo diagrams differ the most.
D.1 The POUR Principles of the WCAG 2.0

D.1.1 Perceivable

Users must be able to perceive the informatiosented using at least one of
their senses, if the content cannot be perceived th cannot be accesséd.the
information must be perceived...that is the firspgie accessibility upon which all
others are based, and without which accessibibiyrot happeh(WebAIM, 2009b).

Diagrammatical communication is only possible ifople can perceive the
diagram content. They need to have access to theerdopresented to be able to
process its information. For example, blind pecgle unable to use their sense of
vision. They mainly rely on their sense of touchd amearing to gain access to

information.

A. Availability of the information behind the diagram

The user needs to have access to the informatioindée diagram in order to
understand, think, reason, judge, analyse, navigatt memorize the information
presented in the diagram.

The availability of the information relies on twmportant considerations: the
author’s willingness to make it accessible andftinmat used to store it.

1. Origin of the information

s Author’s willingness

If the author is amenable, it would be useful & triginal information from

which their diagram was constructed was made &vaila the user.
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At this stage what the author wants should be takiEnaccount. It is believed
that for various reasons most authors would naefpr that to happen. One possible
reason could be the unwillingness to invest therefBut perhaps the author might
not want the real data to be showed as the diagnéght have been deliberately
simplified or distorted to convey a misleading naggs It is his right as accessibility
guidelines only expect “equivalent” content of \atuepresentation of diagrams
rather then deep description of the original undieg data which might expose
potential misleading messages enabling the intethieoauthor.

If the information presented diagrammatically wiaked to the presentation of
the diagram then this information could be adamed accessed according to the
user’'s needs.

It is believed that it would be more useful if tiiformation represented
diagrammatically is captured at the creation stapes would allow a “direct access”
as opposed as an “indirect access” to the infoonagpresented in the diagram. In a
“direct access” a user obtains the information diyefrom the graphic and with an
“indirect access” the information is first inferreahd interpreted by a third party
(human or computer) and then conveyed to the usegan alternative format.

The exploration of that information should theroallthe user to understand and
process the diagram.

« Format used to store the information behind the digram

The format to be used to make it happen is verymant.

Given the vector graphic format, it will be goodtlife information behind the
diagram could be preserved to be made accessible.

For vector graphics to be made perceivable theyldvoeed to have all the
necessary information of the diagram encoded witkiformat:

» the information it represents should be well stited (use of groups and
ids) and appropriately coded (e.g. use text far text rather than paths)

« facilities offered by SVG should be used propetitye|, desc, comments)

» appropriate metadata should be added when needed

» separation between presentation and content: thtermioshould not depend

on the way it is presented (use of class attribiatestyling).

no

Graphic format used to store the diagrarivhat format is used to store

the information of the diagram
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B. Type of information stored: structure and semantics

It would be useful to have access to the strucaé the semantics of the
diagram in a machine understandable way.

SVG allows both to be achieved. SVG stores strattunformation about the
diagram as an integral part but the author hasduige a well constructed structure
using the appropriate facilities (e.g. groupingpr&ge of the well-defined data-model
behind the diagram and the knowledge representgdmnvthe diagram represented as
ontologies would be of benefit in making the sentaoit diagrams accessible.

This information should be “programmatically detered”. This means that the
information is authored in such a way that it ischnae-understandable. User agents,
including assistive technologies, could then haseess to the information.

As previously explained the benefit of presentingocdinate positions of the
objects composing the diagram has been investigatddlavid Bennett (BENNETT,
2002) and has proved to provide no benefit in thie-visual presentation of diagrams
in audio for example. The information concerning tayout of the diagram is not
important information whereas the concepts andiosiships between these concepts
represented in the diagram are important informrmatio

But requirements concerning the information neetledbe accessed vary
depending on intended tasks, user’s capabilitiesepences and objectives.

For example the individual requirements of blinéngsare different. Congenital
blind and later in life blind have different way$ toeating information (KENNEL,
1996) as they have different personal knowledgedBpeople who were not born
blind recognise and interpret graphical informationch more easily. Depending on
the information researched, the blind user mighihberested in either the structure or
the semantics of the diagram.

3. Type of information available What kind of information is available to
the blind user? The structure or the semantic efdlagram? Is it the

implicit semantic or the explicit semantic?

C. Multimodal presentation of the information behind the diagram

When the visual channel cannot be used to perctiee diagrammatical
information, this information has to be convertattoi alternative presentation
modalities that can be perceived such as audiaatite. This information needs to be

presented in a way which can be easily perceivedhbyblind person using their
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available sensesSince not everyone has the same abilities or egsalof the same
senses, one of the main keys to accessibility surgmg that information is
transformable from one form into another, so thatan be perceived in multiple
ways’... “Overall, text is the most easily and most univéygahnsformable formét
(WebAIM, 2009b).

4. Output modalities what are the output modalities supported and/or
possible? Textual, graphical, Tactile, Audio, Tad¢fiudio, Haptic,
Haptic/Audio?

The alternative information presented should netrie the blind person. The
blind person should be allowed to gain access apbbee the information or a subset

of this information according to its need.

D. Access and exploration of the information
<> Provide ways to access and navigate the informatof the diagram:
* Being able to adapt the level of information pr@dd general overview,
detailed, etc.
* Being able to access and navigate only relevartgsanformation hiding
unnecessary details (“viewing options”)
» Possibility to navigate between different preseatamodalities (e.g. from
textual presentation to visual presentation)
* History mechanism, annotation mechanism “bookmanrksiuld be useful
if possible in order to come back to past explorabr as memory cues
% Support active interactive exploration

Query and search the information of the diagram pmedent the result in an
accessible adaptable way. It should be possiblguery the structure and the
semantics of the diagram.

The query system gives some power to the user,dgbmes what information
he wants from the diagram, what information isvate for him to be communicated?
Giving this power to the user can solve the probtémdeciding what information is
relevant, allowing the user to decide for him-sigpending on the task he wants to
achieve.

5. View of information provided Power given to the user on the view of

information provided (overview, detailed).
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6. Type of exploration Active or passive exploration? In a “passive”
exploration the user cannot interact with the infation provided whereas
in an “active” exploration the user interacts witte information by
querying it, annotating it, adapting it to his needhile exploring it
(pause, hide, and stop). If “active” exploratiorerthspecify facilities
offered to interact with and navigate the inforraat{ability to annotate, to
query, details-on-demand enables getting detailedrmation from
specific elements of interest, ability to hide,opstrepeat, pause, travel

forward and backwards when needed).

E. Adaptability

This concerns the facility provided to adapt théormation to user and /or
device requirements. Create content that can atlapthe specific needs and
preferences of the user without losing informataomd in a location convenient to
them (preserve meaning, relationships, readingrprdée aim is to obtain diagrams
which adapts to individual needs and preferences.

Adaptation facilitates access to information by o/ reconfiguring this
information to specific input/output devices, math, filtering, transforming or
removing/adding aspect of the current presentatioio a different modality
depending on user requirements.

7. Adaptability. Is adaptability considered? Does the output tateeaccount

device and/or user requirements?

D.1.2 Operable

Users must be able to operate the access to themation of the diagram. For
example operability for both sighted and blind sderpermit possible collaborations.
Guidance should be provided to explore the diagramstructions, error alert,
warnings, etc.

Multimodal access should be considered. Keyboaogssibility allows many
technologies to be operable providing alternativeden in allowing search,
exploration, navigation and interaction with thdommation, allowing access to
different disability types. Blind users use the@ykoard as their primary means for
navigating the web.

So keyboard accessible or other accessible inpdahty adapted to blind users
(Braille, voice) should be provided to access thiermation behind the diagram.
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D.1.3 Understandable

The usability of the information accessed relies its1 Understandability
“...providing alternative or supplemental represeaateg of information can often
increase understandability” (WebAIM, 2009b).

Users must be able to understand the informati@semted as well as the
operations the system offers. Functionalities effeto explore the information in its
alternative forms should be understandable (e.gvigagon and interaction
functionalities).

The language employed should take into accountntieeded audience taking
into consideration educational background, knowdedmmiliarity with the domain
content, etc. The knowledge such as the type ofradm would allow a better

understanding of the information provided.

D.1.4 Robust

Careful thought needs to be given into the choitéechnologies used with
regards to compatibility with existing technologi®sch as web browsers, assistive
technologies (e.g. screen readers), etc. The dragtould remain accessible, no
matter how the technologies evolve.

Extensibility, interoperability and deployment skbbe taken into account.

SVG support in all browsers (native and/or usingGSWeb) and continuous
improvement makes it a good format to use for ogerability.

A standard should also be provided for capturiraprc information at a higher

level.

D.2 Existing approaches in the context of the defined

requirements

The following tables (Table 9 and Table 10) provate overview of all the
existing approaches reviewed. The following infotiorais presented.

Aim result of the project:Describe the aim result of the project in terms of
general outcome (methodology, system, guidelines). e

AdvantagesPresent the advantages of the approach

Limitations: Present the limitations of the approach

1. Origin of the information
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. Graphic format used to store the diagrarihat format is used to store
the information of the diagram

. Type of information available What kind of information is available to
the blind user? The structure or the semantic efdlagram? Is it the
implicit semantic or the explicit semantic?

. Output modalities what are the output modalities supported and/or
possible? Textual, graphical, Tactile, Audio, Tad¢fiudio, Haptic,
Haptic/Audio?

. View of information provided Power given to the user on the view of
information provided (overview, detailed).

. Type of exploration Active or passive exploration? In a “passive”
exploration the user cannot interact with the infation provided whereas
in an “active” exploration the user interacts wiltie information by
qguerying it, annotating it, adapting it to his neeghile exploring it
(pause, hide, and stop). If “active” exploratiorerthspecify facilities
offered to interact with and navigate the inforraat{ability to annotate, to
guery, details-on-demand enables getting detailefrmation from
specific elements of interest, ability to hide,opstrepeat, pause, travel
forward and backwards when needed).

. Adaptability. Is adaptability considered? Does the output tateaccount

device and/or user requirements?
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REVIEW OF BOTTOM-UP APPROACHES FOR VECTOR IMAGESdaviector Graphics ACCESSIBILITY

Text Alternatives
(W3C Guideline,

WebInSight, Altifier, Ault AUdioGRAF T3 BIS GUIB
project, etc.)
Aim result of the project Guidelines, Corrective System System System Methodology

tools

Might make some simple

if comprehensible auditory
display then allow user to

provide effective access
for simple diagrams
multiple levels of details

Allows the exploration
of the structure and

for frequently used vector
images allows the work of

D

Advantages vector images accessible : which organize and allow | implicit semantic of a .
build a mental map of the . . one sighted person to be
) . a large quantity of vector image. .
information . ; used by many blind peopl
information
Interactive experience
Quality depends on
willingness and expertise . preparation work to be
. . preparation work to be ;
of its author preparation work to be . . done by sighted person
. : . done by sighted person, | preparation work to be .
Might be incorrect, done by sighted person . : . who has an important
. : . which can be time done by sighted persor L .
unusable, incomplete or | special equipment ; . 9 -~ [, responsibility, who decide
. . . consuming and require a | the description obtained . :
inappropriate a bad auditory system X . what information to
X . . certain level of expertise | depends on the person . .
automatic generation not | could deep the user into : o L . convey and imposes his
S . . which can be difficult to | creating it, who will .
Limitations 100% efficient confusion and so view

not trivial and not enough
or inappropriate for
description of complex
diagrams

can be costly in terms of
time and effort for
complex diagram

frustration and giving up
limited by the limitations
of tactile graphics
involves special equipmen
Tablet plus tactile graphic

t

carry around

diagram need preparation
limited by the limitations
of tactile graphics
involves special equipmer
Tablet plus tactile graphic

probably not be the
author of the diagram
and might omit
important information
tfrom the description

4

—

involves special equipmen
blind user depends on
sighted for rarely used
diagrams

involves special equipment
Audio accessories
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Text Alternatives
(W3C Guideline,
WeblInSight, Altifier, Ault
project, etc.)

AudioGRAF

T3

BIS

GUIB

1. Origin of the
Information

Inferred by Author or third
party

Inferred by Author or third
party

Inferred by Author or third
party

Inferred by Author or
third party

Inferred by Author or third
party

2. Graphic format used to
store the diagram
(Raster or vector)

vector image

vector image

vector image

vector image

vector image

3.Type of information
presented
(structure or semantic)

Information that the
graphics intend to convey,
visually

(implicit semantic) and/or
structure of the graphic
(depends on the author of
the description)

Structure, implicit semanti

| Structure, implicit
" semantic

Structure and implicit
semantic

Structure and or semantic|
depending on the sighted
person describing it

4. Output modalities

Textual description
accessed using screen
reader

Tactile/Audio

Tactile/Audio

Textual, audio using
screen reader

Audio through text-to-
speech device

5.View of information
provided
(overview, detailed)

Depend on how well the
guidelines are followed

Multiple levels of details,
the choice is given to the
user

Multiple levels of details,
the choice is given to the
user

Filtering information to
filter out unnecessary
information

Depends on the descriptig
provided by the person
describing it, , but user ha
no choice

6. Type of exploration

Passive

Possible Navigation
depending on the encodin
of the textual information

Active

Ynteraction using the touch

Active

Interaction using the touch

Active

Exploration of the
semantics or the
structural using the

Passive

and the screen reader used®"®! panel browser to navigate
(accessible XHTML) around the tree of
objects
7. Adaptability Not addressed Not addressed Notesded Not addressed Not addressed

Table 9: Review of Bottom-up approaches (part 1)

254



SIGHT

TeDUB

iGraph Lite

ViewPlus

SVG Linearization

Aim result of the project

System, methodolo

gy

Syste

System

System composed of set of tog

ls Methagolo

sometimes provides
intended message
successfully

does not require

allows the navigation and
annotation of diagrams
through a number of input
and output devices

Makes some information
carried by the vector
image accessible
attempt to make some
implicit features explicit
(e.g. max, min)

provide effective access for simpl
vector image and various vector
graphics

FGenerate accessibl
description of the
diagram if the SVG

Advantages . . Presents overview of the . L multiple levels of details which . : .
intervention of authon . : S Provides facilities to . | is appropriate will
) information by providing organize and allow a large quantity :
does not involve the . X access and explore X : well organised
g access to hierarchical data| . i of information . ;

use of specialized X .| information (e.qg. . . information.

structure for the informatior . Interactive experience
hardware ) sequential query system)

of the diagram

Open source, free
. .| preparation work to be done by
. .| Depends on plug-in which . 4
.| Rely on a semi-automatic ; sighted person, which can be time
Not 100% effective: might not be supported by ; . , ,
: process to recover the . o consuming and require a certain | Rely on author’s

message inferred nof ! . graphical applications . .

information form the vector ) ) level of expertise patience and
always the one . . . Some information are nof . S . -
. image which might generatg: information in SVG might need to| willingness
intended inferred and so not . . : . .

some errors due to some be reorganised or enriched with | adding RDF is an

Lo Based on . : . conveyed X N
Limitations . noises in the vector image extra information if missing onerous task for the

assumptions the present query system

Some technical issue
concerning the

amount and quality o
information presente(

n

Overcoming this issue
might require human
intervention and time
involves special equipment
computer game joystick

is not flexible and
depends on the sequentig
exploration of the textual
description

limited by the limitations of tactile
ilgraphics

involves special equipment Tableg
plus tactile graphic and embosse
which can be difficult to carry
around

author
might involves
zttedious efforts
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SIGHT

TeDUB

iGraph Lite

ViewPlus

SVG Linearization

1. Origin of the
Information

Inferred by automatic
analysis

Inferred by Semi-automatic
analysis

Inferred by automatic
analysis

Inferred by Author or third party

Inferred by Author
or third party

2. Graphic format used to
store the diagram
(Raster or vector)

vector image

vector image

vector image

vector insykvector graphics

Vector graphics

3.Type of information
presented
(structure or semantic)

Hypothesized
Intended message of
the diagram (implicit
semantic)

Structure and semantic
(implicit)

Implicit semantic

Structure and implicit semantic

Structure and
implicit semantic

4. Output modalities

Textual description
accessed using screg
reader

2ril extual, Haptic/audio

Textual, Audio using
screen reader

Audio and tactile

Textual, audio
using screen reade

[

5.View of information

General and detailed

Presents overview of the
information using
hierarchical data structure

Extract, explore and
navigate information
using

Flexible and scalable NL

Multiple levels of details, the

?(;\?Z'r?/?e%v detailed) E#gilfeer has no Eae\%”aeg ?jisagtr);rsrlgle to dialogue, Sequential choice is given to the user No
’ query system
iGraph-Lite navigation
tool
. Active Active and/or passive
Passive but plan to Diagram exploration and | Textual description using| Active
6. Type of exploration provide facilities for g P P 9 Passive

interaction

information searching,
annotations facilities

screen reader or query
system

Interaction using the touch panel

7. Adaptability

Not addressed

Not addressed

Notessa:d

Not addressed

Not addressed

Table 10: Review of Bottom-up approaches (part 2)
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