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Abstract

The rise of ubiquitous computing devices has provided the catalyst for the next generation World Wide
Web, one that shifts the focus from the desktop computer to mobile devices such as cell phones and
PDAs, in an ever increasing range of modalities. Web interaction management in this setting must con-
tend with a plethora of interaction interfaces and a diverse range of content types in addition to helping
realize the full potential of multimodality (i.e., supporting flexible and personalized interactions between
humans and sites). This thesis presents WS://IM, a new software framework for web interaction man-
agement that is capable of supporting multimodal interactions. In addition to presenting a loosely bun-
dled, factorized architecture that supports hyperlink interaction, WS://IM has the unique facilitation for
out-of-turn interaction. Out-of-turn interaction is a novel technique that helps realize mixed-initiative in-
teractions between humans and Web sites. Design methodology, implementation details, and exposition
through three implemented case studies are provided.
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Chapter 1

Introduction

The Web is arguably the most complex and ubiquitous content distribution medium ever invented. It has
evolved from its humble origins as a simple hypertext navigation system on desktop computers to support
pervasive computing on mobile devices, such as 3G cell phones and personal digital assistants (PDAs),
using several, and ever-increasing, modalities. This multi-device, multimodal context fosters a rich suite of
user interaction paradigms, such as browsing [22], personalization [62], location-aware computing [42], and
social networking [45].

1.1 Web Interaction Management

The focus of this thesis is Web interaction management—the problem of mediating communication between
users and content providers. This term has traditionally involved a broad range of issues, such as automated
delivery of statically, as well as dynamically, generated pages, sessioning, accommodating simultaneous
users, concurrency control, stateful implementation of client-side functionality such as cloning windows
and pursuing back buttons, and domain-specific language (DSL) support for targeted applications such as
form-field interaction and database-centered services. The stateless nature of the HTTP protocol, on which
interaction is realized, makes Web interaction management difficult, and thus, a legitimate topic of WWW
research. In addition, the advent of the multimodal Web has expanded this scope further and necessitated
an interaction management framework that combines diverse interaction media, in order to support flexible,
contextual, and personalized interactions.

1.2 In This Thesis

The primary Web interaction management research issues studied in this thesis are:

1. Maintaining user state in an interaction (HTTP is stateless),

2. Distinguishing a given user from other users (session management),



3. Supporting rich, personalized dialogs (mixed-initiative interaction), and

4. Uniformly supporting interfaces using different I/O modalities and presentation styles.

The central thesis of my research is that rich and contextual multimodal Web interactions can be supported
through a factorized software framework using distributed components and centralized management of in-
teraction. The primary context of my work arises from the staging transformations for multimodal Web
interaction project at Virginia Tech [55]. When this project was initiated, it provided a transformation-based
approach to supporting user-site dialogs but lacked session management, modality application, and support
for multiple sites. The research presented in this document fulfills these requirements by developing a web
interaction management framework called WS: //IM (Web Service for Interaction Management) and in-
stantiating it for several important and relevant case studies. The case studies help assess the feasibility and
scalability of the approach through different interaction interfaces and presentation styles.

The primary software artifacts described in this thesis are:

1. A fully-functional Web interaction management software framework for the staging transformations
project. At a basic level, this framework resolves concurrency issues and provides session mainte-
nance for the staging transformation engine.

2. New interaction interfaces using different modalities and presentation styles, exposing the concept of
cascading modality application as a means to provide a tailored user experience.

The contributions of this work are:

1. For developers: Rapid development time due to reduced requirements for content provision.

2. For users: Flexible, contextual, and personalized dialogs facilitated through the multimodality and
staging transformation capabilities inherent in the system design.

These contributions build on the current research in interaction management software frameworks as sur-
veyed in this thesis. Outside the scope of this thesis are issues such as usability assessment of dialog-based
web interaction management and the theory of transformations (see [59] for a discussion of these aspects).

1.3 Outline of Thesis Document

1. Chapter 2: An exploration of the Web’s history, investigating the underlying content delivery model
inherent in the system. Specifically, I discuss the highly recommended three-entity factorized model
of Web content delivery and identify a fourth entity, modality, which will become important with
respect to the next-generation of Web interactions.

2. Chapter 3: A survey of related research in Web interaction management which identifies various de-
sign perspectives related to the model discussed in Chapter 2. Each perspective is organized by levels
of implementation abstraction in which I situate several showcased systems. All of these systems
follow the three-entity factorized model; none instantiate the fourth.



3. Chapter 4: A detailed description of the WS://IM framework highlighting the design decisions and
implementation details necessary to enable rich, contextual, multimodal dialogs between users and
Web sites.

4. Chapter 5: A discussion of three case studies: Project Vote Smart, a site providing content on the US
Congressional Officials, the Online Virginia Tech Timetables of Courses, and the CITIDEL digital
library. For space considerations, these case studies are depicted through at most two modalities or
presentation styles supported by my framework. Lastly, this chapter evaluates my framework with
respect to the systems surveyed in Chapter 3.

5. Chapter 6: A summary of conclusions drawn from the implemented framework as well as a discus-
sion of possible future directions for this research.



Chapter 2

Background

Over the past decade, the Web has evolved into an interactive medium, driven primarily by new requirements
and technologies. From its modest beginnings as a simple content delivery system, the Web now extends
into more fields and modalities than other information delivery systems such as newspapers, telephones, and
bulletin boards.

It is instructive to examine the history and evolution of the Web in its basic role as an information deliv-
ery mechanism between providers and consumers. A key milestone was when T. Berners-Lee proposed
a simple hypertext system that was accessed through a well-defined, efficient protocol (HTTP), with the
content encoded in a Standard Generalized Markup Language (SGML) derivative, aptly named HyperText
Markup Language (HTML) [70]. The next major step in the development of the Web was Mosaic, which
not only contributed to the rapid popularity of browsing, but also accelerated the development of HTML.
Many corporations entered the fray and vied for supremacy of the medium by adding new features and func-
tionality with little to no forethought of standardization [15]. By this time, the scope of document markup
was becoming considerably expanded, to incorporate considerations of both application logic and style of
presentation. This trend continues to this day; for instance, the rise of ubiquitous computing devices fore-
shadows the emergence of modality as an additional ingredient into the Web model and promises to alter the
way the Web is used. The combination of the above four distinct entities (i.e., content, logic, presentation,
and modality), while reflecting the modern instantiation of Web, does not accurately capture how today’s
Web actually works. To see why let us study this evolution more closely.

2.1 Evolution of the Web

The Web was arguably originally intended as a document retrieval system, whose interaction model can be
given by:
UserGoal = Content 2.1

This model is an accurate portrayal of the original intention of the Web, but due to initial technological
constraints (e.g., network bandwidth, screen resolution), content could not be entirely distributed directly to
the user. In order to answer these constraints, Berners-Lee envisioned a hypertext system in which informa-
tion shards could be connected to one another using hyperlinks that leverage Uniform Resource Locators



(URLSs) [68]. To facilitate this functionality, the content provider must design interaction pathways or deci-
sion trees through the information content. Implementing these crafted interaction pathways can be handled
in two ways: statically or dynamically. The older, static implementation requires developers to enumerate
every node in every interaction pathway and decision tree as an individual Web page. Hence, developers
handling static implementations typically incur the cost of large updates across numerous pages every time
content is altered or the interaction pathway is modified. The dynamic implementation approach employs a
programmatic method constructed in CGI, Java Servlets, PHP, ASP, or similar technology to algorithmically
generate the multitude of pages for all of the pathways from some data repository.

Due to the statelessness of the HTTP protocol, context about interactions between a user and the content
provider was not maintained from one request to another. For this reason, a logic layer is typically im-
plemented within the Web site (statically or dynamically) with the responsibility of maintaining state and
interaction information, commonly referred to as ‘session’ information. Thus, the interaction model extends
to include some means for handling navigation and interactivity, producing Equation 2.2:

UserGoal = Content + Logic 2.2)

Besides textual content and interaction logic, such stylistic objects as images, fonts, embedded applications,
and layout styles assist in the presentation and readability of a document, not to mention the character of
a website as a whole. It is because of these added, specific features that the explosion of the World Wide
Web actually began, and helped migrate the Web from academic circles into the corporate world, drawing
contenders such as Microsoft and Netscape into the development fray. The ability to transport not only
content, but also style, is what defines the modern browser; unfortunately this capability also has littered
the landscape of the Web with an array of platform specific and proprietary HTML tags [70] and differing
implementation models [72]. Our next model of Web interaction is thus:

UserGoal = Content + Logic + Style 2.3)

This model, described in numerous books and papers [33, 48], presents the main entities within the scope of
modern Web development. It has been suggested [49, 70, 73] that these entities should be kept separate in
order to develop the ideal Web system; more discussion on this topic is presented later.

The rise of ubiquitous devices brings a fourth entity into this model as smaller screen sizes and alternate pre-
sentation formats become more prevalent. The impending explosion of multimodal devices, foreshadowed
by a call for top level domains specific to mobile devices [65], will require content providers to publish in
yet another medium. Furthermore, there has been a rise in hybrid, or more aptly, multimodal techniques
to facilitate user input. The rise is generally attributed to the work of Richard Bolt in his ‘Put-that-there’
paper [18, 44] — one of the first explorations into the effects of multimodal interactions as a means to rem-
edy recognition and comprehension problems associated with single modality interaction. Hence, to include
some means of detecting and presenting for specific modalities, a four entity equation has been defined
exclusively by the author of this thesis:

UserGoal = Content 4+ Logic + Style + Modality 2.4)

This equation summarizes the rising generation of the Web, one that is highly stylized, highly accessible,



and increasingly hard to maintain and develop for. The ability to convey and attain information through
more than one modality brings Web interactions closer to dialogs. A web interaction can be viewed as a
conversation between the user and site and, with the benefit of multimodality, users will be able to interact
via sequences involving both responsive and unsolicited interactions. This will lead to more natural and
compelling scenarios of usage than the traditional turn-based hyperlink systems currently available. How-
ever, note that Equation 2.4 in factorized format is an ideal equation representing the Web as most developers
advocate and, as we will see next, continues to be an elusive goal that modern web systems fall short of.

2.2 The Real Model

The problem with Equation 2.4 is not so much in the equation itself, but rather in its practice within the
current web landscape. The content provider, in order to develop and present content to the user swiftly,
would utilize a variant of the pure model in which two or more of the entities are tightly bundled into a
single unit. Such ‘bundled’ solutions typically fall into one of the following categories:

Template Driven Sites (User Goal = [ Content + Style ] + Logic)

— Weblog sites (e.g., MovableType, Blosxom)

Dynamically Stylized Sites (User Goal = [ Content + Logic | + Style)

- e.g., CSSZenGarden.com

Database Driven Sites (User Goal = [ Logic + Style ] + Content)

— News sites (e.g., CNN.com, WashingtonPost.com)

— Web search (e.g., Google.com, yahoo.com).

Statically Defined Sites (User Goal = [ Content + Logic + Style ])

— User homepages

In each of the above, since at least two of the entities are tightly bundled, they cannot be easily altered
without directly affecting another entity. If the model was completely factorized, one could easily afford
changes to a given entity as well as support the inclusion of new entities. The lack of factorized components
prevents separation and seriously hinders the usability and applicability of web systems in different settings.
To understand these flaws, the bundled solutions shall be analyzed both in historical context as well as
how they affect forward progress. As one might expect, the bundling of all three entities, as occurs in the
aforementioned statically defined sites, would suffer from all of the flaws mentioned.

2.2.1 Style and Content Bundling

This bundling was conceived as a result of the inclusion of presentation tags into HTML during the Browser
War [15, 73] mentioned earlier. For example, presentation tags such as the <font>,<b>, and <blink>
were included in browser implementations to facilitate stylization of content. In the early evolution of the



Web, embedding the style into the content was the only means for including any degree of presentation with
the content. As Microsoft and Netscape vied for control of the Web browser market, they added proprietary
presentation tags to their respective implementations. Done without forethought to the consequences of their
actions, the two companies left the Web a veritable mess with proprietary specifications of HTML that were
largely devoted to presentation and not content, contrary to the original intent of the language [53].

In response to this explosive growth, developers, in an attempt to keep up with the Web browser war and
ensure that their content would be available to all visitors, would produce content in a manner that was back-
wards compatible. The concept of backwards compatibility, as most appropriately defined in this context
by Jeffery Zeldman [73], refers to the ideal of designing content that will be displayable on all browsers.
It also refers to the practical version in which developers would utilize numerous proprietary tags and non-
compliant syntax to create the same look for their content across the two major browsers of the time —
Netscape Navigator and Microsoft Internet Explorer.

Backwards compatibility was hence originally encouraged so that content consumers could always see the
content that was being delivered, even if their browser did not recognize some specific tags. The solutions
adopted however are troublesome for the following reasons (aggregated from [53, 70, 73]):

e By combining style with content, all content carries the extra weight of the style. This drastically
increases the amount of bandwidth necessary to provide just the content, in addition to the processing
power required to render that content.

e Style information is interface-dependent and, by binding the content to a particular style, the solution
approach negates the possibility of presenting content to a different interface (such as cell phones or
PDAs).

e In practice, embedded style detracts from the structure of the content in that a developer might use
<font size=‘'‘14'’' face='‘arial’’'><b>Headingl</b></font> for a heading in-
stead of using the <hl>Headingl</h1> format. This lack of structure also reduces the accessi-
bility of a Web site as it prevents screen readers from being able to use structural cues to distinguish
document substructures (e.g., identifying a paragraph versus a header).

e Maintenance of the content requires the content provider to also understand style since she will have
to add in the style information for their content, ensure that changes to that content do not disrupt the
style, and maintain consistency across all pieces of content. This can be an enormous task, and one
that most interaction management frameworks (see next chapter) seek to resolve.

The above reasons are quite substantial as they prevent both forward and backward compatibility of the
content, and limit its delivery to a very narrow display medium. Furthermore, browsers do not all render the
same tag in the same manner, leading to numerous issues of consistency across the same medium. In order
to resolve some of these issues, the World Wide Web Consortium (W3C) released a style sheet technology
specification in 1996 called Cascading Style Sheets (CSS) [1] that facilitates the separation of style from
content. As good as CSS seems as a resolution, Web browsers were slow to properly, if at all, implement
it as specified by the W3C. Even to this day, Zeldman believes that 99.9% of all Web sites suffer to some
degree from this tight bundling of style and content [72, 73].



2.2.2 Logic and Content Bundling

The bundling of logic and content is one that dates back to the beginning of the World Wide Web. Web
pages are interconnected to one another utilizing URLs, as envisioned by T. Berners-Lee in his original
description of the World Wide Web [16]. A URL, as defined by RFC 1738 [68], is ‘the syntax and semantics
for a compact string representation for a resource available via the Internet.” As mentioned earlier, URLs
allow developers to craft and implement interaction pathways through their content, directing users to end
goals. The implementation of these pathways can be done either statically or dynamically — the former of
which produces a tight bundling of the logic and content of the Web site.

Statically implemented interaction pathways imply one of the following conditions to be true:

e URLs are defined to an exact location that includes a specific static file name (e.g., http://www.example.
com/index.html).

e Pathways are determined from a single snapshot of the content at development time, as opposed to
a dynamic format that continually reprocesses the pathways from a content representation at request
time.

e The interconnecting pathways between the pages are embedded in each page instead of utilizing a
navigation centralization scheme to consolidate pathway management and maintenance.

With these conditions set forth, logic and content bundling could be simply construed as developing a
Web site at a single instance of time and placing little to no forethought about future development and
growth. However, most sites are not single instance developments, but are rather iterative in nature that
are continually updated, added to, and removed from; any of these actions might drastically impact the
interaction pathways of that Web site. Altering a tightly bound logic and content Web site would require a
developer to go through every single affected Web page, identify which URLs have changed, and determine
the best manner to reference the new interaction pathway. As one might conjecture, this can be an enormous
task that invites the possibility of broken links, interaction pathway dead ends, and finally, a headache for
the developer.

In response to these issues, scripting languages and Common Gateway Interface (CGI) implementations
were developed and have since seen an enormous growth in recent years [39, 57]. The usage of scripting
languages or CGI interfaces allow developers to design a Web site while still maintaining well-practiced
software engineering principles, such as encapsulating the pathway logic through a Web site’s content into its
own entity. This engenders a dynamic approach which encourages the two entities, logic and content, to be
only loosely bundled. In this dynamic format, developers can utilize some algorithmic means to determine
interaction pathways through content, which, if designed correctly, should only require one development
cycle. Generally speaking, this algorithmic implementation can be encapsulated into a single or a small set
of scripts so that maintenance time or redesign of the interaction pathways implies only altering a small
isolated population of the Web pages in the system. Due to these advantages, most modern Web sites utilize
some degree of dynamic logic for maintaining the interaction pathways through their hypermedia systems.



Session and State

Another facet to content and logic bundling pertains to the statelessness of the HT'TP protocol [32], i.e., there
is no persistent information about interactions between client and server from one request and response to
the next. It was designed in this manner in order to increase the simplicity of the protocol, which is directly
attributed as the reason for its incredible adoption rate. However, the lack of state between interactions is
flawed since information from one interaction cannot be utilized in a later interaction without some degree
of external mediation such as cookies [56], thread management techniques [12], or specialized languages
specifically designed for maintaining state [14, 57].

Web sites with tightly bundled logic and content generally do not address the problem of session and state
within their interaction pathways. In these sites, the choices for the user to select from were made at design
time, not at interaction time. When a dynamic, loosely coupled implementation is employed, the system
can evaluate where the user has been, and attempt to extract some information about where the user might
be heading or present information adaptively. There has been a large breadth of research into this area of
personalization, especially systems that analyze web logs [54] and adaptive hypermedia [21, 22, 23]. The
implications of personalization specific to this document will be examined in detail later. For now it suffices
to note that these systems and the research areas they represent verify the advantage of dynamic, loosely
coupled content and logic entities as opposed to a static, tightly bundled design.

2.2.3 Logic and Style Bundling

The bundling of logic and style is not as salient as the previous bundlings, due mainly to the limited modality
in which the hypermedia of the Web is currently presented. To better expose this bundling, imagine a
database driven web site in which the content of the system is continually being modified, removed, archived,
or added to. To present this continually altering content body, developers will utilize fluid templates for their
style with the interaction logic embedded into the style. In this way, content can be presented in a consistent
manner through the templates and users can utilize interaction patterns common across all pages within the
Web site. This scenario is an instance of logic and style bundling because the interaction logic is statically
contained within the stylized templates and is bundled with the adopted presentation style.

As mentioned previously, the Web is being pushed beyond the desktop Web browser and into the handheld
cell phone or PDA. In order to present concise content on these devices, new languages are being employed
that are specifically tailored to the task. These languages (e.g., Wireless Markup Language (WML) and
xHTML Basic) have different logic and style requirements than HTML, such as form handling, hyper-
linking, and content headers. Since only a few content providers have even considered providing their
content in more than one modality, this bundling is rarely seen as an issue. However this narrow thinking is
analogous to the ‘backwards compatible’ scenario presented previously and therefore could be conjectured
to have about the same results — a tangled Web [53]. Since multimodality has made its stake and is gaining
ground with each new browser-equipped cell phone and PDA, this increasingly becomes more of an issue —
one that cannot be ignored. For this reason, it is critical to ensure that the logic being applied to content is
not tightly bundled to their presentation style and furthermore it is important to enumerate the fourth entity
that exposes this bundling: modality.



2.3 Advocacy

Numerous developers have advocated the three entity factorized model presented in Equation 2.3 [7, 70, 73].
This would provide complete separation between each of the entities, allowing dedicated developers of each
entity to work independently. This model was the original vision of Berners-Lee, but was lost during the
Browser War between Netscape Navigator and Microsoft Internet Explorer. Advocates today propose that
each content provider handle such separation individually, and even present varying means for factorization,
e.g., <bigwig> [19], Magpie [28], specifications like CSS and xHTML. While these implementations
attempt to resolve the issue of separating the three entities discussed so far (logic, content, and style),
none present a means for handling the fourth: modality. Furthermore, with these systems, the burden of
implementation and integration is placed on the content provider; this burden requires each content provider
to keep abreast with the ever-changing tide of the Web. The following chapter contains evaluations such
systems and identifies their resolutions to the problems addressed in this chapter, as well as potential issues
that are left unresolved.
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Chapter 3

Interaction Management

Interaction management, in the context of this thesis, refers to any architecture or framework that coordi-
nates user interactions and system responses to deliver modification of the available content of a Web site.
An interaction manager will commonly (although within this definition is not required to) implement some
notion of session management atop the stateless HTTP protocol in order to distinguish users from one an-
other and to support rich and personalized dialogs with the user. As shall be shown in the rest of this section,
interaction manager implementations range from being fully static to fully dynamic, and from generative
languages to embedded software systems. The wide range of research in this area clearly identifies the le-
gitimacy of the underlying problem and the necessity of interaction managers at large, data-intensive Web
sites. This chapter is arranged in a format that presents the most concrete and static implementations first
and progresses towards the more abstract or dynamic solutions. All interaction managers surveyed here,
with the exception of those covered in Sec. 3.4, assume the web development model given by Equation 2.3
whereas Sec. 3.4 adopts Equation 2.4.

3.1 Static Interaction Management

Static interaction management accurately portrays the lowest, most concrete level of Web development
currently available. At this level, there is very little management of interaction since it is all statically bound
along pathways identified at development time. Very few data intensive Web sites today are managed in
this manner, due to maintenance and development costs of continually redesigning and implementing the
interaction pathways every time a piece of information is added, removed, or modified.

3.1.1 HTML

Since HTML is an open interpretive language, any developer can create a Web site by coding it entirely by
hand. This procedure can produce some highly optimized HTML code that tightly fits the content being
present, in contrast to automatically generated HTML. However, the downsides of hand coded HTML —
maintenance and development cost— generally prevent its use for most data intensive Web sites.
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3.1.2 Visual Editors and Site Managers

In an attempt to reduce development and maintenance costs, direct manipulation tools such as Microsoft
FrontPage and Macromedia Dreamweaver became popular for light to medium data-intensive Web sites.
This allows the developer to visualize at design time the exact look and feel of the Web site as well as the
interconnections of that site. These tools automatically generate the underlying static HTML code for the
Web site and generally result in a solution where all three entities of Equation 2.3 are tightly coupled to
each other. In recent years, however, some of these tools [11] have begun to disentangle the automatically
generated code and utilize Web standards such as CSS [1] and xHTML [58] for the generated code.

3.2 Database Centered Interaction Management

Database centered interaction managers (DCIM) are characterized by their specific focus on a database man-
agement system (DBMS) for handling the majority of interaction management tasks [33]. These interaction
managers range from being no more than a Web based front end for a database view to an entire new class
of DBMSs. Within this section, the Araneus project is presented as a DCIM that exemplifies a distinct class
of DBMSs with its web base management system architecture.

3.2.1 Araneus

The Araneus web-base management system [13, 52] is an interaction manager that views Web based inter-
actions in the same manner as database interactions. More accurately, the Araneus project architects view
it as an evolutionary step in database management systems, in that it is a management system for handling
collections of heterogeneous, highly structured or semi-structured data [8], specifically targeted at the Web.
To this end, Araneus handles Web requests in a similar fashion to modern DBMSs by using queries, views,
and updates as application classes. However the main difference between most modern DBMSs (e.g., Ora-
cle and Microsoft SQL) and Araneus is that Araneus utilizes a page-oriented data model (called ADM), for
describing pages and navigation, whereas DBMSs do not utilize any such model. Templates are provided
for applying presentational style onto HTML structures.

The Araneus approach to developing a Web system presents an interesting model by which data can be stored
and requested almost directly from a DBMS. A key feature of Araneus, with respect to this discussion, is
the manner in which issues of structure, navigation, and presentation are kept distinct from each other. Also
of interest is the two distinct tracks for application of expertise, database and hypertext, methodology that
Araneus employs.

3.3 Model Driven Interaction Management

Model driven interaction managers (MDIMs) are held in high regard [33] due to their attention to life-cycle
issues, abstract level of automation, and ability to facilitate conceptual modeling. Each MDIM proposes
some conceptual model for defining how to handle interaction management. This model is then processed
to generate the code necessary to instantiate the model. This genre focuses more on the software engineering
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aspect of interaction management construction than the presentation functionality, although there is almost
always some provision made for presentation functionality.

3.3.1 WebJinn

The WeblJinn system [46] was born out of an attempt to alleviate software level issues inherent in modern
Web development. The designers of this system identified two key issues with common Web development
practices — tangling and scattering of code fragments. Tangled code in the perspective of the system devel-
opers accurately maps to the aforementioned tight bundling and intermingling of the entities of Equation 2.3.
The scattered code refers directly to the lack of encapsulation for any of the entities of Equation 2.3 within
modern Web development.

WeblJinn system designers state that the tangling of code ‘drastically increases the dependency between
different development groups resulting in high development and maintenance cost’ [46]. In an attempt to
resolve this issue, the model-view-controller (MVC) [36] paradigm has been employed in frameworks such
as Apache Struts to exert design restrictions that would discourage the intermingling of content, logic, and
style.

To resolve the issue of code scattering, the designers introduced a new model, Extension Point (XP), which
localizes the structure of the entire Web site. This model was arrived at by inspecting the nature of structure-
dependent code and noticing that it generally appears in clusters. The designers determined that by abstract-
ing out these clusters (creating an extension point), one could design a centralized structure framework that
is completely distinct from the abstract Web application that contains it.

The resulting hybrid of the previous two solutions is sometimes referred to as domain driven web devel-
opment (DDD) [46]. WebJinn/DDD makes it possible to construct Web application components as well as
applications built from those components, in a flexible and loosely coupled manner. The loose coupling in
the WebJinn systems reduces the development and maintenance cost of the Web application as a whole.

Of particular interest within the WebJinn framework, with respect to the topic of interaction managers,
is the identification of two key problems inherent with modern Web development systems and potential
solutions to those problems. Although WeblJinn does not attempt to directly solve the problem of interaction
management, it does present a platform for creating a loosely coupled Web system.

3.3.2 AutoWeb

The AutoWeb system [34] adopts a novel approach to the development of an interaction manager. The
system is more of an interaction manager generator than it is an interaction manager itself. AutoWeb begins
the Web development procedure by allowing the developer to visually model their Web site using the HDM-
lite modeling framework, a descendant of the entity-relationship model [27]. This modeling produces a
series of schemas representing the structure and organization of the desired Web site. From these schemas,
AutoWeb generates an interaction manager tailored specifically to the domain that was initially modeled.
This generated interaction manager is meant to be populated with content by the provider and stylized by
a designer. It should be noted at this point that the current implementation of the AutoWeb system does
not leverage W3C-complaint HTML or CSS. However, AutoWeb has the unique ability to apply human
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interface guideline specifications to the entire site, enforcing a standard, uniform presentation manner to the
user, and therefore reducing the burden of presenting a consistent Web site design.

Several of the identified benefits of the AutoWeb system include rapid development and prototyping, a wide
variety of navigation modes, and true model-driven approach. From a system perspective, the AutoWeb
system appears to be a very complex architecture — one that is meant to be used, not by content providers,
but by advanced Web developers who have experience in modeling Web systems.

3.3.3 JWeb

JWeb [17] is not formally classifiable as an interaction manager, but rather attempts to provide develop-
ers with a framework for prototyping a Web site. Systems such as JWeb provide some degree of interaction
management but may not be serve as an optimized, complete, and final solution. JWeb utilizes the HDM [35]
methodology to direct the user through the process of identifying and describing hyperbase schemas (con-
tent) and access schemas (logic), both maintained in an XML format.

This system is designed to create iterative design prototypes of a Web site in that it only generates a Web
site’s schema and not the program code necessary for a working implementation. However, schemas are
relatively meaningless for prototyping unless the developer can actually visualize and interact with them.
JWeb handles this issue through an HDM interpreter which captures user input, mimicking Web interactions,
and converts the user input into valid parameters for JWeb’s Navigation Engine.

The JWeb architecture is important to our discussion of interaction management because it utilizes XML
to achieve flexibility, modularity, and exchange of information between its software modules. In fact, the
developers of the JWeb identify that the use of XML facilitated “a very easy strategy of enhancement,
addition, substitution, or replacement of all different tools” [17].

3.4 Multimodal User Interface Interaction Management

The existence of multimodal user interface interaction mangers (MUIIMs) acknowledges the relevance of
modality within the Web development model (Equation 2.4). Currently, the interaction managers in this
category are primarily concerned with devising an intelligent method for detecting the capabilities of the
browser and rendering presentation information accordingly.

3.4.1 Adaptive User Interface Technology

Adaptive User Interface Technology (AUIT) [40, 41] is a set of JavaServer Pages (JSPs) custom libraries
for development of user interfaces that adapt to the device that is presenting it. These extended JSP tags de-
scribe device independent user interface elements and layouts, which are transformed at runtime into device
specific user interface information and delivered to the appropriate device. Since the user information is
stored in XML, the transformation is handled using the eXtensible Stylesheet Language for Transformation
(XSLT) [3]. AUIT includes a visual user interface designer that allows developers to quickly prototype their
interfaces for each of the possible presentation devices. Once the developer has decided on an appropriate

14



interface, the design is then automatically converted to the necessary JSP tags. This technology is specific
to the latter two entities in Equation 2.4 as no facilitation is included for handling the content and logic enti-
ties. AUIT currently supports presentation onto desktop Web browsers, HTML, and wireless Web browsers
(using WML).

3.4.2 User Interface Markup Language (UIML)

The User Interface Markup Language (UIML) [9, 64] is defined as a ‘meta-language for describing user
interfaces’ [69] in a operating system, platform, and interaction agnostic manner. In order to accomplish
this goal, UIML carves up any user interface into a six tuple comprising:

e Structure and flow — a structure defined from a provided domain specific vocabulary;

Style — elements in the interface that define its look; this may include color, font, or layout information;

Content — all text, images, and sounds that will be expressed in the interface;

Behavior — action rules that define interface reactions to user input or action;

Logic — includes the application logic for the interface elements; and

Presentation — includes interface controls such as buttons or text fields.

With UIML, developers can provide a consistent interface to multiple devices, modalities, and platforms
without creating an interface for each of them. As its name implies, UIML is an XML derivative thus
reducing the learning requirement for development. This design decision has the benefit of allowing novices
to expert programmers to rapidly design, construct, and deploy user interfaces with little to no training.
Once a UIML document has been created, it requires a mapping procedure to convert the platform agnostic
UIML tags into actual static program code for technologies such as Java/JFC, PalmOS, WML, HTML,
and VoiceXML [50]. One distinction between the aforementioned AUIT and UIML is that UIML provides
some means for both logic and behavior specification, exemplifying a multimodal interaction management
framework instead of a means for producing multimodal interfaces.

3.5 Domain Specific Language Solutions to Interaction Management

Domain specific languages attempt to reduce the degree of technical information required to create an in-
teraction manager by exposing a language that a domain expert would understand. These solutions provide
a layer of abstraction that allow the developer to create complex systems using very simple, domain depen-
dent languages (hence the name). Most of these languages are then processed to generate the interaction
manager, which is then used without modification, completely hiding the low-level program code from the
developer.
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3.5.1 The 5S Framework

The 5S framework and its language, SSL, while not aimed specifically at Web interaction management, is
pertinent here for its approach to factoring the design of large complex information systems. It is rooted in
the 5S formal theory [38], a specification of a digital library (DL) as viewed in five dimensions [37]:

e Streams — describes the type of content within a DL. Examples include text, video, and software
application;

e Structures — expresses the organizational format, and aspects thereof, with respect to a DL. Examples
of the model include hypertext, catalogs, and directories;

e Spaces — defines interfaces, both human and machine, of DL components. Examples include user
interface and retrieval models;

e Scenarios — describes the behavior of DL services. Examples include events, triggers, and actions;
and

e Societies — defines the human participants and their interrelationships that are rooted around a DL.
Examples include communities of interest, managers, funders, and users.

From these five different models, a declarative language was defined, aptly named 5SL, which can be used
for specifying and generating DLs. Furthermore, 5SL facilitates describing a DL at an abstract, domain-
specific level, thus allowing the creation of a DL by people with only domain expertise and not necessarily
any computer experience.

The 5SL framework, although being specific to DLs, provides insight into the adoption requirements of
any Web system in that by using domain-specific information, the SSL framework is capable of being used
by a broad range of users, so long as they maintain some degree of domain expertise. Also by describing
information in a human and natural manner, the SSL framework can be quickly understood through tacit
knowledge, instead of requiring DL-specific training. These benefits are directly associated with the ab-
straction layer provided by the SSL framework, a component that should, to some degree, be present in an
interaction manager as well.

3.5.2 Strudel

Strudel [29, 30, 31] focuses on utilizing a declarative language for a Web site’s structure and content, much
like SSL is applied to DLs. Strudel was designed to leverage a variety of concepts from database manage-
ment systems and Web-site creation tools. From these concepts, the designers of Strudel identified attain-
ment of separation of entities within Equation 2.3 as a key goal. Strudel’s declarative language, StruQL, is a
query language for specifying the content and structure of a Web site; it also can be viewed as a software ar-
tifact as it has been designed to improve modularity and reusability of Web site designs. From this language,
an interaction manager is derived and automatically generated through processing done by the Strudel query
inspector.
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Strudel is one of the few systems that adheres to Equation 2.3 at an initial design level. As an interaction
management system, Strudel provides a refined domain specific resolution to handling the issues inherent
with data intensive Web sites, while still retaining extensibility and reusability for future growth.

3.53 <bigwig>

<bigwig>[19] is a high-level, domain-specific language for programming interactive Web services. The
<bigwig>language was designed to be a descendent of the MAWL research language [12]. The design of
<bigwig>focuses mainly on the content and logic components of Equation 2.3, leaving a clean separation
between these entities, and from the presentation style to be applied. Also the design of <bigwig>affords
a strong type system since it is based on compilation instead of interpretation as employed for most scripting
languages.

As an interaction manager, <bigwig>focuses on users in a session centered approach, a design element
rooted in the MAWL project. This focus approaches interaction management as a collection of distinct
session threads akin to remote procedure calls (RPC). Each session thread relates to an ordinary sequential
program which describes the session’s intended flow. Further, each session thread is addressed as a unique
URL which points to the session’s current HTML page; this form of session caching, however, prevents
back button browsing, viewed as a non-necessary functionality.

To structure the session outputs, XHMTL templates are employed, including <bigwig>specific tags that
are replaced with session generated information at presentation time. The templates are handled in a man-
ner that facilitates document composition by allowing placement of xHTML fragments into other xHTML
fragments. This allows flexible construction of site structure, providing developers with a limitless degree
of options for site implementation.

To facilitate various domain-specific requirements, a declarative sub-language was developed to handle spe-
cific tasks such as form field validation. The <bigwig>language also provides functionality for dynamic
caching, concurrency control, security, and database connectivity.

The <bigwig>language is, without question, one of the most robust interaction managers surveyed here.
This robustness, however, comes at the cost of initial development for the content provider seeking to pub-
lish their information to the Web. <bigwig>requires the content provider to have access to software
developers who can understand the <bigwig>language, syntax, and semantics.

3.6 Discussion

It is clear from the above survey that the problem of interaction management can be approached from
diverse perspectives and that every project is indicative of a distinctive set of requirements, motivations, and
technological constraints. Our goal in this thesis is to develop a web interaction framework that brings us
closer to the vision of achieving human-web dialogs, that is well-factored from a software engineering point
of view, and is representative of the best practices of web technology.

17



Chapter 4

WS://IM Software Framework

WS://IM (web service for interaction management; pronounced as w-sim) deviates from the examples in
the previous chapter as it seeks to handle interactions between content providers and users in a manner
that implements the ideal model presented in Equation 2.4, with specific attention paid to supporting rich
contextual human-site dialogs. WS://IM is embodied as a centralized interaction manager that is capable of
providing intelligent multimodal interactions for a potentially limitless number of content systems. Going
even one step further, WS://IM offers the unique ability to facilitate interactions that are out-of-turn, which
allow users to substantially alter and transform Web site interaction sequences. This allows users to navigate
the content in a more effective and natural fashion than is facilitated by purely directed, in-turn interactions.
To understand what this capability means, it is helpful to consider a practical setting of multimodal web
interaction.

4.1 Setting

We pay careful attention to studying how interactions in a modality-rich environment differ from traditional
web access paradigms. A simple example can be seen in the use of speech to augment traditional hyperlink
based interaction. Notice that speech permits natural ways to perform certain types of tasks and helps
compensate for deficiencies in traditional hyperlink access (which can get cumbersome on small form-factor
devices). Second, speech-enabled websites help improve accessibility for the more than 40 million visually
impaired people in the world today. As a result, using speech leads to the possibility of a conversational
user interface [51] that combines the expressive freedom of voice backed by the information bandwidth of a
traditional browser. More importantly, while the common use of speech on a website is to support navigation
of existing site structure via voice, speech can actually be used to support new functionality at a website, not
otherwise possible.

4.1.1 Motivating Example

Consider the following dialogs between an information seeker (Sallie) and an automated political informa-
tion system.
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Dialog 1

System: Welcome. Are you looking for a Senator or a Representative?
Sallie:  Senator.

System: Democrat or Republican or an Independent?

Sallie: Republican.

System: What State?

Sallie: Montana.

System: That would be Conrad Burns. First elected in 1998, Burns ...
(conversation continues)
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Dialog 2

1 System: Welcome. Are you looking for a Senator or a Representative?

2 Sallie: Senator.

3 System: Democrat or Republican or an Independent?

4 Sallie: Not sure, but represents the state of Montana.

5 System: Then it is either a Democrat or a Republican, there are no Independents from Montana.
6 Sallie: Isee. Who is the Republican Senator?

7 System: That would be Conrad Burns. First elected in 1998, Burns ...

(conversation continues)

It is helpful to contrast these dialogs from a conversational initiative standpoint. In the first dialog, Sallie
responds to the questions in the order they are posed by the system. Such a dialog is called a fixed-initiative
dialog as the initiative resides with the system at all times. The second dialog is system-initiated till Line
4, where Sallie’s input becomes unresponsive and provides some information that was not solicited. We
say that Sallie has taken the initiative of conversation from the system. Nevertheless, the conversation is not
stalled, the system registers that Sallie answered a different question than was asked, and refocuses the dialog
in Line 5 to the issue of party (this time, narrowing down the available options from three to two). Sallie
now responds to the initiative and the dialog progresses to complete the specification of a political official.
Such a conversation where the two parties exchange initiative is called a mixed-initiative interaction [10].

At this point, it must be clear that system-initiated modes of interaction are easiest to support and are the
most prevalent in web interactions today. For instance, a webpage displaying a choice of hyperlinks presents
such a view, so that clicking on a hyperlink corresponds to Sallie responding to the initiative. The reader
can verify that the first dialog above can be supported by a three-level tree-structured HTML site presenting
options for branch of congress, party, and state. The second dialog becomes practical with the advent
of multimodal interfaces. For instance, if Sallie has the ability to talk into her browser, she can provide
unsolicited information using voice when she is unable to make a choice among the presented hyperlinks.
In addition, if the system can process such an out-of-turn input, it can continue the progression of dialog
and tailor future webpages so that they accurately reflect the information gathered over the course of the
interaction.

The above example highlights the unique perspective that WS://IM brings to bear upon web interaction
management — namely that of a flexible and personalized dialog, with shifts of initiative that can happen at
any step. How to support such flexibility in a factored system architecture is the contribution of this thesis.
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4.2 Design Considerations

In designing the WS://IM framework, several equally important, design considerations were asserted early
in the approach. The first was to directly address the issue of maintaining separation of the entities (Content,
Logic, and Style) within Equation 2.3. This makes WS://IM flexible enough to incorporate new entities,
such as modality, as they become prevalent. This view is validated in that WS://IM is not only feasible for
multimodal interaction, but in fact facilitates it. The second design decision was to seamlessly support the
co-ordination of human to site multimodal dialogs, irrespective of the conversational shifts of initiative that
might happen. The third design decision was to develop the architecture for WS://IM in a manner that could
be distributed across many machines as easily as it could be encapsulated on a single machine. Finally,
WS://IM was designed to facilitate a centralized approach to Web development such that the workload
burden is placed not on the content provider; rather, the emphasis shifts to facilitate easy adoption of the
technology. Some of these considerations are elaborated below.

4.2.1 Factorization

Web professionals, such as Zeldman and Veen, advocate that the separation of content, logic, and style
should be the goal of all Web developers [70, 72]. WS://IM follows suit by viewing the ideal, factorized
E.q. 2.3 as more than just an ideal and making it an initial design requirement. Each piece is encapsulated,
separated, and loosely coupled so that any of the entities can easily be removed, modified, or made anew
without affecting the other entities. In addition, by incorporating the fourth consideration of modality,
WS://IM is uniquely positioned to leverage the aforementioned next generation Web.

4.2.2 Multimodality

The issue of modality is a new entity that in all existing web interaction managers had been statically fixed
to screen-based Web browser interfaces and traditional forms of user input. The rise of ubiquitous devices,
as mentioned previously, has suggested that such a tight coupling of style and logic would be a poor design
decision. For this reason, WS://IM sought to easily and uniformly deliver the same content in an unlimited
number of modalities and uniformly capture input from different input mechanisms. Further requirements
stemming from this facet include:

e All modalities should be immediately available to all content.

e New modalities should be easy to incorporate into the system.

e The system should be capable of determining the best modality (or modalities) for presenting the
content and rendering it in such fashion.

e The capability of simultaneous modalities, e.g. utilizing voice and hypertext at the same time, should
be retained.

e The modality handling should not restrict a content provider’s distinctive creative requirements or
intentions per modality.
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Within the WS://IM architecture, an entire manager component is implemented to handle these require-
ments. This manager is responsible for determining the most effective modality or modalities for presenta-
tion, depending on the capabilities of the browser. This determination is made through a series of evaluations
ranging from browser provided HTTP request header information to JavaScript plug-in detection. Once an
appropriate combination of modalities is made, WS://IM applies a series of eXtensible Stylesheet Language
for Transformations (XSLT) [3] to cascade each modality onto the content. The term cascade in this context
is analogous to its usage in the cascading style sheets technology, in that each modality is layered atop all
previously applied modalities. This form of modality application allows WS://IM to present not just one,
but many different modalities in a single package.

The WS://IM modality manger functions in a manner that accommodates a system default styling per modal-
ity as well as a site dependent styling per modality, and any combination thereof. This flexibility has been
designed into WS://IM to allow each content provider the ability to provide a specific look and feel for their
content while still operating in a centralized framework, as explained further below.

4.2.3 Distributable Architecture

In designing the architecture for WS://IM, particular attention was placed on establishing an architecture
that facilitates and encourages growth and adoption. This is a vital component to any Web system since
it will operate in a realm that is constantly changing and reinventing itself. In order to facilitate growth,
WS://IM was designed to be distributed across numerous networked computers, allowing space and pro-
cessing power requirements to be identified and adjusted on a component basis, not on a system basis. As
for encouraging growth, the architecture of WS://IM leverages only open standard, XML based protocols.
This design decision was made to prevent proprietary lock-in and provides a language-agnostic communi-
cation medium [26]. Through these two critical design decisions, the architecture of WS://IM was made
flexible enough to facilitate rapid changes, distribute computing, and comply to open standards.

4.2.4 Centralization

Centralization is an interesting issue to introduce at this point, especially since it may initially seem to
contradict the previous design decision. However, centralization in this sense addresses the management of
interaction and not the components that make up the system. It refers to the handling of multiple content
providers through a single, centrally maintained interaction manager. This differentiates WS://IM from
most of the previously mentioned interaction managers, in that WS://IM is a single instance manager that
is capable of handling multiple Web content systems, simultaneously. The decision to centrally host the
interaction manager provides the following benefits over deliverable system distributions:

e Reduced start up costs for content providers, since they need only provide their content and do not
need to install, configure, and maintain an entire Web site.

e Single point maintenance of the system which, by virtue of the system design, updates all of the Web
sites created by the system.

e System maintenance and upgrades are handled by experts with the architecture and design of the
system.
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e Hosting costs for companies that utilize WS://IM are drastically reduced; since they only need to
deliver their content, WS://IM handles the rest.

4.3 WS://IM Architecture Overview

Interaction Manager Error handling
communication XML-RPC

SOAP  Input Expansion
Out of turn interaction REST
attainment Dialog Reflection
Modality Identification Staging

Transformation Dispatch

Session Control
Interaction Interfaces Transformation Engine
Modality Management

Network accessible Content Handling Web site content local
interaction pathways storage
ng pages for the end Interaction Manager Interf:\ction state
points of the pathways caching
Provision of "Look and Shared context facilitation
Feel" style sheet
y REST saQL
Content Provider Cache Database

Figure 4.1: Component architecture of the WS://IM framework.

WS://IM was designed to be a distributable component architecture, allowing various components to be
physically separate, while still acting as a whole. Fig. 4.1 presents the distributable components within the
WS://IM architecture as well as the set of functionalities associated with each component. As one may
immediately notice, the set of requirements on the content provider is at a minimum, a benefit attributed to
the design decision of system centralization. Another property of this architecture is that it is not limited in
scope to interaction management; in fact interaction management is merely a component of the framework,
and covers all of the functionality involved in mediating between the end user and the content provider.
Finally, this figure also identifies the connections between components, as well as the communication pro-
tocols employed for connecting them. The rest of this section shall describe each component and finally the
communication protocols between the components.

22



4.3.1 Interaction Interfaces Component

The interaction interfaces component can be viewed as the user’s gateway into the WS://IM framework
(see Fig. 4.2). Interaction interfaces provide a means for interacting with WS://IM in either a conventional
(in-turn) or non-conventional (out-of-turn) manner. The initial, and at this point most common, interaction
interface for WS://IM is the Web browser, which is capable of only facilitating in-turn interaction sequences.
The second (Extempore), leverages users’ familiarity with toolbar interfaces, and provides a way to supply
out-of-turn textual input. The third (SALTII, for SALT Interaction Interface, pronounced ‘salty’) utilizes
a rapidly emerging technology for integrating speech into Web browsing. The final interface (WMLOOT,
for Wireless Markup Language Out Of Turn, pronounced *wml-oot’), presents the user with a simple WML
form for providing text-based out-of-turn input on a cell phone or other handheld device. The Extempore
and SALTII interfaces employ a common JavaScript toolkit which handles communication with the inter-
action manager (see next section). This toolkit also is designed to reduce the development costs for future
interaction interfaces (e.g., PDAs and 3G phones).

— XML-RPC
Request REST
Interaction
Interface
JavaScript
Toolkit

Interaction Interfaces

Figure 4.2: The interaction interfaces component implementation within the WS://IM framework.

Web Browser

The WS://IM operates as a normal Web site would in any Web browser offering conventional, in-turn inter-
action that directs the user to their end goal. It is important to note that the WS://IM framework will work
in any Web browser as it complies with the W3C standards for xHTML 1.0 [58] and CSS Level 1 [1] when
using the default styles. Since content providers have the ability to alter the presentation style specific to
their own content, XHTML compliance cannot be assured. While this is the content provider’s prerogative,
WS://IM as a system does provide the basis for providing a Web site that is not, and for the foreseeable
future will not become, obsolete [72].

Extempore

The Extempore toolbar [61], shown in Figure 4.3, was developed using the XML User interface Language
(XUL) [2] and JavaScript for the cross-platform Mozilla Web browser. It was designed to be non-invasive
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and to become active only when the user is visiting a Website that leverages the WS://IM framework. By dis-
playing a lightweight, text-based interface, Extempore leverages users prior knowledge to provide a familiar
and easy method of interaction. It is important to note that Extempore is embedded in the Web browser, and
not the Web site. It also is not a site-specific search tool that returns a flat list of results similar to the Google
toolbar.

Nee US Congressional Officials (=

Extempore Out-Of-Turn Acceptor v 1.0
http://pipe.cs.vtedu/
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Input: \ t Clear ? About
Input 5o Far:

Figure 4.3: The Extempore toolbar, an interaction interface within the WS://IM framework.

SALTI

The SALTII interface is built using the SALT [5] XML-based markup language, which facilitates the em-
bedding of speech and grammar tags into HTML to realize Web pages capable of speech input and output.
The current SALTII implementation requires the SALT voice recognition plugin for Microsoft Windows
Internet Explorer 6.0. Using this interface, users could potentially carry out an entire dialog with speech
alone, using speech for not only out-of-turn interaction, but in-turn as well. Since it blends screen and voice
modalities, SALTII can be considered a hybrid modality interaction interface. Such cascading modality is
exposed in greater detail in the following chapter.

WMLOOT

WMLOOT, shown in Fig. 4.5, is a unique interface that allows users to quickly provide input in an en-
vironment that suffers from constrained screen space and reduced bandwidth — the wireless environment.
The WMLOOT interface brings the functionality of the Extempore toolbar into the cell phone and handheld
arena. It differs from Extempore, however, in that it is actually delivered as an embedded component to the
accessed WML page. This was done to allow the interface to be displayed regardless of the browser that is
used, which is important given the plethora of WML browsers currently available.
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Figure 4.4: SALTII, a multimodal voice and text interaction interface within the WS://IM framework.
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Figure 4.5: WMLOOT, an interaction interface for wireless devices within the WS://IM framework, as seen
in a Sony Ericcson T68i.

25



Future Interfaces

The aforementioned JavaScript toolkit was designed with future development in mind and factors the entire
system to roughly five simple functions. Since it is developed using the ve XMLRPC JavaScript library, the
functionality of the interaction manager can be remotely accessed, enabling shared context scenarios [25].
This toolkit has been made available at the project’s Website (http://pipe.cs.vt.edu) for developers of other
interaction interfaces.

4.3.2 Transformation Engine Component

The transformation engine component of WS://IM, shown in Fig. 4.6, currently leverages staging trans-
Sformations [24, 55], a formal theory for reasoning about hierarchical staging notation and for simplifying
dialogs using program transformation techniques such as partial evaluation [43]. A key facet of this transfor-
mation engine is that the underlying simplification of the dialog is abstracted to a point that it doesn’t require
distinguishing between in-turn and out-of-turn input. This property is crucial to the non-anticipatory nature
of staging transformations. The WS://IM interaction manager (see next section) preserves this property
to the fullest. To apply the staging transformations theory, the transformation engine represents interaction
pathways within a Web site as XML documents and implements the transformations using XSLT technology.
The XML documents summarize the hyperlink structure, the hierarchical staging notation, and indirectly the
vocabulary comprising of legal partial input.

SOAP

SOAP Staging
Sever | Transformer

Transformation Engine

Figure 4.6: The transformation engine component implementation within the WS://IM framework.

The original version of the staging transformer, designed by Saverio Perugini, accepted the input necessary
for a transformation through a series of command line parameters. To accomplish the WS://IM design
decision of a distributable architecture, we resolved to bind a Simple Object Access Protocol (SOAP) [6]
server onto the Staging Transformer using the gSOAP toolkit [4]. This process was relatively trivial since
the toolkit was capable of automatically generating the entire SOAP server when given a function header
stub file. This generated SOAP server was then compiled directly into the staging transformer producing the
transformation engine component.
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4.3.3 Interaction Manager Component

Transformation
Dispatch

Session Control
Modality Manager

Content Handling

Interaction Manager

Figure 4.7: The interaction manager component implementation within the WS://IM framework.

The interaction manager, shown in Fig. 4.7, is the focal point for the WS://IM framework. It is essentially
responsible for the coordination of communication between one or many content providers, a single, non-
concurrent transformation engine (explained later), and one or many interaction interfaces. It is at this
point that the WS://IM framework embodies the ideal Equation 2.4 as each facet is enumerated into its own
subcomponent and the interaction manager merely serves as the summation of those parts. The following
sections provide a brief overview of each of the interaction managers subcomponents.

Content Handler

The primary responsibility of the content handler is to dynamically determine if a Web site is manage-
able by the WS://IM framework. To determine this, the content handler uses a simple representation
state transfer (REST) request for a document named ‘content.xml’ located at the content provider’s root
Web directory (i.e., the Web site http://www.example.com would be manageable if there exists a file at
http://www.example.com/content.xml) . This document is meant to supply the representation of the Web
site’s entire content structured in a manner that conveys the desired in-turn hierarchy (out-of-turn interac-
tions are handled by explicit manipulation in the transformation engine). If the content file is not present, it
indicates that the Web site cannot be managed by the WS://IM framework. The content handler is also re-
sponsible for retrieving, caching, and updating content from compliant Web sites. The content file is cached
in an external database (MySQL is used in the current implementation) for fast transformation computa-
tions. It also will signal a trigger event that will initiate the activation of the aforementioned interaction
interfaces, as appropriate. From this point, the content handler is responsible for ensuring the currency of
the representation and updating the file as appropriate.

Interaction state caching, also managed by the content handler, was originally implemented by trivially
associating intermediate dialog states with content files generated over the course of an interaction. A more
sophisticated solution was later employed that utilizes a caching policy to exploit the structure of program
transformations. Under this caching policy, if a user is requesting a partial evaluation with respect to ‘digital
library multilingual,” but the cache only contains a document that has been evaluated with respect to ‘digital
library, we can partially evaluate this document internally with respect to the remaining input, namely
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‘multilingual’, thus removing the need to partially evaluate from the root document. This revised approach
to interaction state caching has drastically reduced the storage and processing complexity of the overall
WS://IM system; a highly beneficial improvement especially when dealing with large content systems.

Transformation Dispatch

The transformation dispatch is responsible for handling communication with the transformation engine com-
ponent. It handles connecting to the transformation engine as well as notifying the interaction interfaces if
such a connection cannot be made. This notification is done to prevent potential invalidation of users’ ex-
pectations due to a system error, abstracting the user from dealing with internal errors until they can be
fixed. If a connection can be made, transformation dispatch is responsible for attaining user input, agnostic
of in-turn or out-of-turn provision, from any of the interaction interfaces. With this received partial input,
transformation dispatch formulates a message including the partial input and the content file that the input
applies to, for delivery to the transformation dispatch. Recall the transformation engine component will not
know, or need to know, whether the partial input is a result of browsing or of supplying some information
out-of-turn; this is why the transformation dispatch formulates the message the same regardless of input
manner. Finally, transformation dispatch supports the marshalling and un-marshalling of transformation
requests into Simple Object Access Protocol (SOAP) messages, as well as the transmission and reception of
those messages across HT'TP in accordance with the SOAP specification.

Session Control

Session control has a responsibility that differs from most other Web systems’ concept of session man-
agement. The notion of ‘state’ within a dialog is just its representation, since it succinctly summarizes all
remaining dialog options. Furthermore, the transformation engine does not explicitly manipulate state and
is therefore a purely functional entity. Thus the goal of this system’s session control is merely to distinguish
one user’s interaction session from another. Due to our uniform handling of in-turn and out-of-turn inputs
and the variety of interaction interfaces available, session tokens (in this case a ten decimal digit session
identifier, size and format was arbitrarily chosen) are stored in multiple different places, one in each interac-
tion interface and a final in the browser itself. This multi-headed session format negates the application of
most modern session management packages, which are primarily concerned with tracking browsing interac-
tions. Session control was specifically designed to handle this issue as well as to handle the normal session
management issues (e.g., back button browsing and threaded browsing).

Modality Manager

The modality manager is responsible for transforming the information returned from the transformation
engine into the visitor’s native presentation format. Towards this goal, the modality manager must first
identify the user’s browser capabilities and determine how best to stylize the content. Notice that the modal-
ity manager evaluates and potentially utilizes all of the presentation styles, instead of just picking a ‘safe’
presentation style, like HTML. To handle the multiple possible combinations of modalities, the modality
manager enumerates the following two types of modalities:
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1. Base —a modality type whose syntax, structure, or language requires a complete and total restructuring
of the existing document. Examples of base modalities include HTML, WML, and XML — as they
cannot be embedded into any other language as per their respective specifications.

2. Extension — a modality type that can be embedded into another language’s syntax. Examples of
extension modalities include SVG, SALT [5], and VoiceXML [50].

With these two enumerations, the modality manager will first determine and apply the most appropriate
base modality to the content. This is generally determined through analysis of the HTTP request headers
sent by the Web browser in a field labeled ‘USER_AGENT.” With the base modality applied to the content,
the modality manager will analyze which extension modalities are also appropriate for application to the
modified content. Notice that potentially more than one extension modality may be applied, whereas only a
single base modality is ever applied. In order to fulfill the requirements of some modalities, such as SALT
based voice modality, the modality manager might have to define and introduce suitable content specific
tags into the HTML page, which is accomplished by analyzing the remaining dialog options. Currently, the
modality manager supports xHTML, WML, and SALT, but is capable of easily supporting any structured
presentation format including X3D, VRMLO97, PDF, and raw text by simply defining a XSLT style sheet to
convert an XML file to that format.

The modality manager is also responsible for evaluating if a content provider has developed a look and feel
that is specific to the content. Development of a content-specific look and feel can be done by downloading
the publicly available modality style sheets (http://pipe.cs.vt.edu/pipe/style/) and modifying them to accom-
plish the desired look and feel. If a content-specific look and feel has been developed, it can easily be used
within the WS://IM framework by placing it in the same directory as the previously mentioned content file.
The modality manager will utilize a REST request to obtain the file and use it in place of the system version
of the same file. This content-specific look and feel application allows WS://IM to accommodate multiple
Web sites, each having a unique look and feel, to coexist through the same framework.

4.3.4 Cache Database Component

The cache database component, as previously mentioned, is used to store both pure XML content documents
as well as interaction state caches. This component can be any SQL compliant database server and is
implemented in the WS://IM instantiation at the time of this writing using MySQL version 4.1. The database
cache component for WS://IM is trivially implemented in two tables — one for the pure XML content and
one for the cached interaction states. These two tables are separated in order to ensure a distinction of the
original content and the reduced content that represents interaction state. Since the database component is an
open standard format, it facilitates the potential for various shared context initiatives [25]. A shared context
system could easily search and retrieve a user ’s interaction state from this database component, based on
information such as time and user identification. In the current WS://IM framework, the user identifier is
automatically generated, as described in session control, but it conceivably might be replaced, or used in
tandem, with a shared context login and password identifier.
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4.3.5 Content Provider Component

Within the WS://IM framework, the content provider component’s responsibility was deliberately kept to a
minimum. This is done in order to reduce the degree of labor required for any content provider, regardless
of Web experience, to present a quality multimodal Web site. The content provider component has a series
of requirements that require adherence to, in order for the content to be considered ‘WS://IM compliant’
and, therefore, capable of utilizing this framework. The following sections present the relatively small list
of requirements in the suggested order of completion. They assume that the content provider maintains the
Web site located at the URL http://www.example.com in order to illustrate naming issues.

Providing the Content

The main catalyst, and hence requirement, for the WS://IM framework is the content of the Web site. The
content of the Web site should be structured as a well formed XML document that adheres to the following
specifications:

1. Each element within the document is representative of a single interaction step.

2. All element names should have meaning within the application domain except for the root element,
which must be a <db> tag.

3. All element names must be lowercase.
4. In order to facilitate multiple word elements, use an underscore (_) in place of a space.

5. The children and descendants of any element represent the possible interaction pathways from that
point.

6. Since these specifications are somewhat limiting of the presentation of the information the following
two attributes are supported:

e category — used to present the genre that information at this level represents. An example would
be would be a category value of ‘Scholastic Level’ for an element named ‘graduate.” This
information is also useful for specializing levelwise dialogs and supporting sophisticated dialog
reflection capabilities.

e display — used during presentation of this pathway, facilitating the usage of any allowable at-
tribute value, including spaces and upper case letters. An example of this would be a display
value of ‘Graduate’ for the previously mentioned graduate element.

7. The leaf node of the XML document will always be an absolute URL that links to the Web page

presenting that information.

Fig. 4.8 provides an example content file within the application domain of Commonwealth of Virginia’s
Congressional Senators. Notice that the element tags use an underscore instead of a space for two word
element names like ‘senior seat’ and ‘junior seat.’
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<?xml version="1.0"7>
<db>
<virginia display ="Virginia” category="State” >
<senate display ="Senate” category="Branch of Congress”>
<republican display ="Republican” category="Party” >
<junior_seat display ="Junior Seat” category="Seat”>
http://www.vote-smart.org/bio.php?can_id=CNIP9093
</junior_seat>
<senior_seat display =”Senior Seat” category="Seat”>
http://www.vote-smart.org/bio.php?can_id=S0920103
</senior_seat>
</republican>
</senate>
</virginia>
</db>

Figure 4.8: An example XML content file showing the Commonwealth of Virginia’s Congressional Senators.

Once this content file has been created, it should be made accessible to the WS://IM framework by placing
it in the root Web accessible directory of the Web site with the name ‘content.xml.” In the current example,
this would mean that an XML document meeting the aforementioned specification would be made publicly
available at the URL http://www.example.com/content.xml. At this point, the WS://IM framework will
automatically detect and cache the content file (see content handler) when the first user with a WS://IM
interaction interface accesses the Web site. Notice that the content provider does not have to register with
the WS://IM framework; the framework will automatically detect if the Web site is compliant or not.

URL Redirection

The astute reader might observe that, since it is the content provider’s prerogative to allow the ‘content.xml’
file to reside in the defined location, how does one access the WS://IM version of the site? This is a valid
question, and one that brings up the second requirement to be WS://IM compliant — a simple URL redi-
rection. WS://IM requires a URL within the Web site’s domain in which the ‘machine name’ identifier
‘personalize’ is mapped to the canonical name of pipe.cs.vt.edu. In technical terms, this implies adding a
CNAME reference for personalize.example.com to pipe.cs.vt.edu in the administrative DNS server for the
domain, a relatively trivial network administration operation. This is required of the content provider due to
the dynamic and flexible nature of the WS://IM framework. Since it will automatically detect and register
sites as they become ‘compliant,” WS://IM must have some means for always calling back to itself, while
still retaining the Web site’s domain name information.

This method was chosen from a variety of mechanisms, ranging from those that involve the full participation
of the Website, to proxy-based bypass schemes. The chosen solution has the attractive property that mixed-
initiative interaction can be enabled at as fine or coarse a level of granularity as desired by the content
provider. This gradient of granularity allows the content provider to determine at which point they would
like the WS://IM framework to handle all, some, or none of the interaction management. The proxy-based
approaches were far less configurable solutions and required a high degree of participation from the content
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provider to avoid loss of functionality. Also in contrast to the other solutions, addition of a DNS name
mapping to a defined location required the least amount of work from the content provider, an original
design goal for both this component and the WS://IM framework as a whole.

4.3.6 Component Communication Protocols

Throughout the architecture description, component communication protocols have been hinted at; we now
expose these communication protocols and the justification for their usage, in greater detail. The following
section will be broken into subsections according to the connection points enumerated in Fig. 4.1.

Interaction Interface to Interaction Manager

Since the interaction interfaces reside on end user systems, the connection between them and the interaction
manager will potentially pass through one or many high latency communication channels (e.g. dial-up). For
this reason, size of the communication packets is critical to the success of the framework. Two lightweight
solutions—REST and XML-RPC—were employed as the communication protocols of choice for this con-
nection. Since REST is merely an architecture applied to the World Wide Web, its implementation within
this communication was trivial. XML-RPC however was a different story, especially since the interaction
interfaces were to communicate using browser interpreted JavaScript. To accomplish the XML-RPC con-
nectivity, a third party library known as veXML-RPC was employed to create the JavaScript client module
as well as the interaction manager server module.

Interaction Manager to Cache Database

All communication between the interaction manager and the cache database is done through the standard
SQL protocol. Messages are passed between the two using the SQL interface specification for connecting
and SQL message structure for interfacing with the database. This connection was trivial to develop as the
programming language that was used for the interaction manager had native support for connection and
communication with most SQL databases, including MySQL.

Interaction Manager to Transformation Engine

In contrary to the interaction interface to interaction manager connection, the connection between the inter-
action manager and the transformation engine components will most likely only be separated by negligible
latency communication channels (e.g. LAN connection, gigabit ethernet, localhost). Because of this prop-
erty, the packet size for the information does not need to be at a minimum. Also since the information being
transfered is naturally XML format which requires to stay intact, it was determined that the simple object
access protocol (SOAP) would be the most desirable, and functional, solution for this connection. As was
already mentioned, the transformation engine was revised to include a SOAP server automatically gener-
ated by the gSOAP toolkit. The interaction manager portion of the connection required some integration
and extension of the third party NuSOAP library in order to get it to marshall and un-marshall the content
files. This process however created a very interesting problem since the SOAP server of the transformation

32



attempted to bind to the network port 80, which the interaction manager was already bound to listening
for HTTP requests. The SOAP server was hence modified to listen on network port 18083, allowing the
WS://IM interaction manager to listen on port 80.

Interaction Manager to Content Provider

As previously discussed, the connection between the interaction manager and the content provider is a simple
REST request to attain the new or updated content file. The utilization of REST was decided mainly because
it requires no extra work from the content provider and must be implemented for the content provider to
provide any manner of information delivery on the Web. Also bandwidth may be an issue for content
providers and moving the entire content file is already a large task in and of itself; thus the extra overhead
commonly associated with XML-RPC or SOAP would arguably do more harm than good.

4.4 Implementation Notes

The WS://IM framework was developed in a wide variety of languages including PHP, JavaScript, XSLT,
and C. The framework currently works in the Apache Web server, but can operate in any Web server en-
vironment on almost any platform. As mentioned, MySQL server was utilized to implement the cache
database component of the framework, but any database could be used with little to no modification of the
current implementation. In the current instantiation, all of the components of the system coexist on the same
computer system, but the system has been tested in a distributed manner across a local area network with
only a negligible performance degradation to the end user.

4.5 The WS://IM Workflow

This section shall present an end to end workflow for the WS://IM framework. Within this scenario, the user,
Joe, will be interacting with the Web site www.example.com, a simple hierarchical Web site that contains
the information sought by Joe. The workflow for this interaction is illustrated in figure 4.9, but only shows a
single interaction; multiple interactions repeat the same process with minor alteration of parameters specific
to the interaction.

Joe begins by entering the address “www.example.com” into his Mozilla Web browser. At this point,
www.example.com transparently redirects Joe’s Web browser to “personalize.example.com,” turning over
the interaction management to the WS://IM framework. At this point (1), the request from Joe’s Web
browser (interaction interface) is sent to the interaction manager component. The request is parsed in order
to extract a session ID; if none is found, a unique session ID is generated, starting a session for Joe’s current
interaction interface. At this point, a simple NOOP request is made to the transformation engine, ensuring
connectivity and operation of the system. If the request can be completed, the interaction manager will
redirect the user back to the root Web site, www.example.com with a ‘refer” HTTP parameter indicating that
the redirection came from the interaction manager.

The interaction manager delegates the request to its content handling sub component, which will first check
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the cache database to see if there exists a stored content file for that Web site. For the sake of this sce-
nario, it will be assumed that no such content file is stored in the cache database, therefore requiring the
content handler to make a HTTP GET request for the content file from the content provider (2). If the
file does not exist or is not a valid XML document, the interaction manager will immediately send a redi-
rect to Joe’s interaction interface in the same manner described above. In this scenario, though, the url
www.example.com/content.xml returns a valid XML document to the content handler (3). The content han-
dler then stores this file in the cache database for later use (4), reducing the delivery time of the content for
future interactions (5), since communication with the cache database will be through either a local or low
latency connection.

Once the content file has been attained, the content handler will provide it to the transformation dispatch
subcomponent, triggering it to initiate a simple object access protocol connection with the transformation
engine. Transformation dispatch is responsible for formulating a proper message to the transformation en-
gine which will include the content file, or reduced content file if there has already been previous interactions
between the user and WS://IM, explained later, and the user’s request, which in this case would be an empty
string since Joe has not identified anything as a request (6). Upon receipt of this request, the transformation
engine will process the two pieces through a series of input expansion, dialog reflection, and staging. This
transforms the provided content, reducing the available options for interaction, and returns this reduced con-
tent in the form of a SOAP message to the interaction manager. If the transformation engine identifies an
error with the input with respect to the content, it will return a SOAP exception message to the interaction
manager, which will propagate the message to the user in a manner appropriate to the interaction interface,
but since Joe’s request is empty and the content file is valid this situation does not happen (7).

The session control component of the interaction manager will cache both the returned content file and
the request that was made, including the entire history of requests made by Joe to get to this point in the
dialog. This is done in order to facilitate back button browsing as well as advanced context aware caching
in which if another user makes a similar request, the aforementioned content handler only needs to return
the reduced content. This advanced context aware caching has the added benefit of reducing overall system
operation time, since it eliminates the request and processing steps associated with the transformation engine
component.

At this point, the reduced interaction options, which are embodied in the transformed content file, are ready
to be delivered to the user; however they still remain in a raw XML format. At this point, the modality man-
agement subcomponent will determine the best modalities and styles to apply to the content. This is done
through analysis of the HTTP request headers set by Joe’s interaction interface. Once the appropriate modal-
ities and styles are identified, the modality management subcomponent will attempt to pull those stylesheets
from the content provider’s Web site; if a stylesheet for any modality or style cannot be found, the WS://IM
default stylesheet for that missing modality or style will be employed. Each modality or style is applied in
cascading fashion to the reduced interaction options producing a Web page that is specifically tailored to
Joe’s browser and its capabilities. This page is returned to Joe’s browser (8), which is then responsible for
appropriately interpreting and rendering the information. This concludes the workflow process description
of the WS://IM framework for a single interaction. Joe’s iterative interactions are handled in the exact same
manner, with the provision of the request being something other then the empty string used in this example.
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Chapter 5

Case Studies

In order to exercise the WS://IM framework, three Web sites, each from very different application domains,
were chosen as case studies. These sites were selected on the basis of their hierarchical content structures,
supporting rich dialog completion capabilities:

e Project Vote Smart — http://www.vote-smart.org/
e Virginia Tech Timetables — https://banweb.banner.vt.edu/
e CITIDEL Digital Library — http://www.citidel.org

To attain the content necessary from these Web sites, each one was crawled using a simple PHP script,
except in the case of the CITIDEL Web site, where access to its back-end database was available. Since this
means of information retrieval is prone to error, a human verifiable subset of the total information was used
for these case studies (explained later).

For each of these sites, a pseudo Web site was made in the Internet domain smallbox.org. This was done for
a variety of reasons, the greatest of which was to be able to accomplish the second requirement for WS://IM,
a URL redirection, without affecting the actual Web site owners. Once these two requirements were fulfilled,
the WS://IM framework showed its powerful nature, presenting the three Web sites in a multimodal, out-of-
turn capable manner in a variety of interfaces, with no further work required.

5.1 Project Vote Smart

5.1.1 Overview

The Project Vote Smart web site, henceforth referred to as PVS, is dedicated to providing unbiased, accurate
information about the elected members of and current candidates for the United States government. This
Web site presents a range of information designed to assist voters in making educated electoral decisions. It
purports itself as ‘a national library of factual information, Project Vote Smart covers political candidates and
elected officials in five basic categories: biographical information, issue positions, voting records, campaign
finances and interest group ratings.’
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A section of the PVS Web site is dedicated to providing information pertaining to the almost 450 currently
elected officials of the United States Congress. This subset was the chosen for the case study since it was
narrowly defined, well understood by users, and lent well to being structured hierarchically within an XML
document. To this content, a hierarchical structure was extracted using the following as interaction keys: (i)
state, (ii) branch of Congress, (iii) political party, and (iv) either district or seat depending on branch infor-
mation. This well-formed XML document was then stored, as specified by the WS://IM requirements, at
the URL http://www.votesmart.smallbox.org/content.xml, which made the PVS website accessible through
WS://IM.

In order to make the WS://IM version of PVS appear like the real version, a style sheet for the desktop screen
modality was developed which nearly replicated the PVS look and feel. This also exposes the capabilities of
the WS://IM’s modality manager component to apply a specific look and feel to a content provider’s system.

We showwcase the PVS case study in the Extempore and WMLOQOT interaction interfaces, utilizing desktop
screen and cell phone screen modalities respectively. It should be noted however that all of the interaction
interfaces and modalities are available to the Project Vote Smart Site by nature of the WS://IM framework.

5.1.2 Extempore Interaction Interface and Web Browser Modality

The Extempore interaction interface was the first interface designed to facilitate the novel technique of out-
of-turn interaction [63]. Through this technique, users are capable of providing partial information in a
manner unsolicited by the website. To present the capabilities of the WS://IM framework, the user goal of
finding the Republican Senator of Montana (ref. previous chapter) is assumed.

Figure 5.1 presents the conventional method for determining such information. Notice that this task can be
completed without the assistance of the Extempore toolbar; it is only done in this figure to show that the
Extempore interface can accomplish in-turn interactions in the same manner as the browser. The interaction
model for the pictured sequence could be expressed as Montana = Senate = Republican = Senator Conrad
Burns, where a = indicates an interaction. This shows that the WS://IM can be used in the exact same
manner as every other interaction management suite, providing conventional in-turn based dialogs through
a desktop screen based modality.

However, WS://IM is not limited to in-turn interaction, as exemplified in Fig. 5.2. Notice that with the
Extempore interface, located at the bottom of the screen, a user can provide their partial information even
when such information is unsolicited. Also, the utilization of Extempore does not preclude future in-turn
interaction as is shown in the second screen of Fig. 5.2. Through the utilization of Extempore, the interaction
sequence can be reduced by one interaction: Republican Senator = Montana = Senator Conrad Burns.

5.1.3 WMLOOT and Cell Phone/PDA Modality

The WMLOQT interface provides the user with a similar means for providing partial input to WS://IM, but
for a very different reason. The cell phone/PDA modality is characterized by extremely limited bandwidth,
small available screen size, and a monochrome to limited color palette, a drastic difference from the afore-
mentioned screen modality. To further complicate the setting, there is no easily definable dominant browser
in this domain, thus creation of a toolbar interface like Extempore would bind the interface to a browser
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Figure 5.1: A conventional in-turn dialog with the PVS site using the desktop screen modality to reach the

webpage of the Republican Senator from Montana.
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Figure 5.2: A mixed-initiative dialog with the PVS site as facilitated by the Extempore interaction interface.
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that may not exist in the coming year. In order to create this interface, it was decided to actually send it
embedded within the returned Web page, and yet kept distinct by being on a separate ‘card'.” This manner
of interaction interfacing—embedding it into the resulting Web page—has the disadvantage of binding it
directly to the modality but, in this case, the binding is present regardless since it is only presented to users
operating in a cell phone/PDA modality.

ol | GED

Listing |

s Fiepublican
Senate]

Figure 5.3: The PVS site as presented in the cell phone/PDA modality on a Sony Ericsson T68i.

The presentation of the WS://IM managed PVS web site in this modality is provided in Fig. 5.3. One of
the most notable issues with this modality is the strictness of the language that is employed for delivering
content to it — Wireless Markup Language (WML). Implementations of the WML specification are extremely
strict in comparison to modern HTML Web browser implementations, a trait that may seem too aggressive
for most HTML developers. Two more key issues particular to this modality, as apparent in Fig. 5.3, are
the reduced screen size and lack of an input device to assist the user with scrolling, such as a mouse or
trackball. Due to these two traits, navigation through content becomes a hard task for the user. Due to the
design of WML, however, since WMLOQOT is always accessible from the top, a user can swiftly navigate the
content by providing their partial information out-of-turn. The provision of the partial information, much
like Extempore, will reduce the number of potential links applicable at a given point, making browsing a
relatively simple task even in a constrained environment.

5.2 Virginia Tech Timetables

5.2.1 Overview

Virginia Tech provides its course timetables online so that students can make educated decisions about
course selections for the coming semester. The information regarding courses is currently provided in a
table-based manner that is arguably hard to navigate through. In order to improve usability the developers
of this site have provide a search functionality at the top of every page, but the search functionality does not

!"The term card is used here in the manner most closely associated with a hypercard deck. This is the native deployment format
for the WML language.
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cover all of the possible views of the information that a student may desire. The Virginia Tech Timetables,
henceforth referred to as VI'TT, was therefore selected as the next case study to utilize the WS://IM frame-
work. Much like the previous case study, in fact using an extended version of the same script, the VITT
Web site was crawled for all of the available information pertaining to courses in eight departments:

e Accounting and Information Systems
e Business Information Technology

e Computer Science

e Electrical and Computer Engineering
e Industrial and Systems Engineering
e Mathematical Sciences

e Mathematics

e Statistics

From these eight departments, information about more than 630 courses was extracted and placed into a
hierarchical XML file according to the following keys:

e Department

e Academic Level
e Course Type

e Instructor

e Days

e Time

e Credits

e [ ocation

Similar to the PVS Web site, a pseudo Web site was established at the URL http://www.vttimetables.smallbox.org/
and the created content file was made available at the specified address. To prevent duplication, this case
study is illustrated through two alternative presentation options that are available in the WS://IM framework
instead of different modalities.

5.2.2 Table Interface

Table based interfaces represent a drastically different format and structuring mechanism for information.
Issues such as navigation and browsing are drastically different modes of operation for a user in comparison
to the normal hyperlink, turn based presentation format that was exemplified in the Extempore discussion
for PVS and in Fig. 5.4 for VITT. Finally, since the original presentation format for this information was in
fact a table interface, it was important to verify that even while using the WS://IM framework, this look and
feel could be retained.
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Figure 5.4: The Virginia Tech Timetables Web site as presented using the default, in-turn dialog format.
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Figure 5.5: The Virginia Tech Timetables Web site as presented in a table format showing all of the infor-
mation at once.
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Since the modality manager utilizes an XSLT [3]-based style sheet, the development of a table based in-
terface was a one time task, owing to the centralized methodology of WS://IM. The table based interface
is presented in Fig. 5.5; notice how once a selection has been made, ‘Independent Study’ in this case, the
entire table is reformed, pruning out all of the entries that are not ‘Independent Study’ course format.

5.2.3 Faceted Classification Interface

a6 Course Timetables

LEVEL:

Graduate Undergraduate
TYPE:

Lecture Lab Research Recitation Independent study Online course

LOCATION:

To be announced Whittemore Hall Torgersen Hall Burruss Hall Holden Hall Durham Hall Norris Hall hancock Hall Seitz Hall A
Squires Student Center Hutcheson Hall War Memaorial Gymnasium Wallace Hall Johnston Student Center Derring Hall

Patton Hall Randolph Hall Williams Hall Pamplin Hall Davidson Hall Robeson Hall McBryde Hall Smyth Hall Math Fmporium
Saunders Hall Litton-Reaves Hall

DEPARTMENT:

Electrical and Computer Engineering Computer Science Business Information Technology Statistics Mathematical Sciences
Mathematics Industrial and Systems Engineering Accounting and Information Systems

CREDITS:

DAYS:

Monday Tuesday Wednesday Thursday Friday Monday Wednesday Friday Wednesday Friday Tuesday Thursday Thursday
Monday Friday Arranged Wednesday Monday Wednesday Friday Monday Tuesday

TIME:

Figure 5.6: The Virginia Tech Timetables Web site rendered in a faceted classification interface.

In the same manner as the Table interface, faceted classifications also represent a very different structure
and interaction manner for a Web site. Faceted classification systems present all of the possibilities for
interaction in a clustered manner and mirror the levelwise nature of information hierarchies. Web sites em-
ploying faceted classification interfaces assist users by presenting them with all possible means for providing
their partial information while still supporting traditional in-turn mechanisms. This interface is depicted in
Fig. 5.6.

5.3 CITIDEL

5.3.1 Overview

At the time of this writing, the Computing and Information Technology Interactive Digital Educational
Library (CITIDEL) is an information repository that houses articles, papers, graphics, etc. pertaining to the
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broad topic of computing and information technology, which in itself has exploded in recent years. This
information was classified using the following four different, but overlapping hierarchical structures, the
first of which (CCS1998) was selected for this case study [60]:

e Association for Computing Machinery’s (ACM) Computing Classification System 1998 (CCS1998)
o ACM/IEEE Computing Curricula 2001 (CC2001) System
e Computing Research Repository (CoRR) System

o AMS Mathematics Subject Classification 200 (MSC200)

CITIDEL is organized alongside a series of SQL tables which required a processing step to convert to an
XML representation in order to be compliant with the WS://IM framework. The developed script to handle
this conversion step could be executed upon a request for the URL http://personalize.citidel.smallbox.org/
content.xml that would allow for the XML representation to always be a true reflection of the information.
Support for this feature was not actually implemented in the CITIDEL pseudo site, but is presented here as
a means to expose the potential for dynamic data retrieval by the content provider. It should be noted at this
point that other options, such as Open Archive Initiative (OAI) [47, 67], for retrieving this information were
investigated. Upon investigation, these options, in their current instantiation were decidedly not capable
of producing an XML file with the hierarchical structure of the entire system embedded in its metadata.
However since the OAI utilizes an XML based represnetation, it has been discussed that adaptations could
be made to the developed script which would convert the OAI XML to a WS://IM compliant XML format.

5.3.2 SALTII - Speech and Hyperlink Hybrid Modality

The SALTII interface brings the modality of speech to bear on all of the Web sites managed by the WS://IM
framework. As has already been mentioned, the hybrid or mixed modality presentation of the SALTII in-
terface, providing both hyperlink and voice modalities, nearly embodies the ‘concerted, natural user modal-
ity’ [18]. SALTII is constructed upon the Microsoft SALT plug-in, which currently only work in Microsoft
Internet Explorer on the Microsoft Windows platform. That being stated, the component which handles the
SALTII interface was designed not just to look for those specific qualities, as future growth may extend it
into the Macintosh or Smart Phone platforms, but to determine the presence of the SALT plug-in and embed
the proper tags into the return format, making SALTII agnostic of the format itself.

Figure 5.7 presents CITIDEL as rendered with the SALTII interface. The only difference between the
SALTII enhanced user interface and the site’s non-SALTII interface is the addition of a *Speak’ button in
the upper left corner of every page. This button allows the user to initiate a speech input session as indicated
by the presence of a ‘listen’ box which graphs the speech input as it arrives. This input is then processed
according to a WS://IM generated grammar file, defined from the remaining interaction options. If a valid
input can be identified, a request for a new page is issued to WS://IM. Since SALTII defines its grammar for
allowable inputs, the user can provide both in-turn and out-of-turn input through the speech modality. Also it
should be noted that the in-turn interaction capability inherent with the non-SALTII portion of the interface is
still retained, thus facilitating input through both speech and point-and-click modalities. Currently SALTII
has been tested on many platforms and browsers (to use the speech modality, a microphone is required):
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Figure 5.7: A example using the CITIDEL digital library with multimodal interaction as facilitated by the
SALTII interface.
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Microsoft Windows 2000, Windows XP, Windows Mobile (PocketPC 2002 and 2003), Internet Explorer
6.0, Internet Explorer 5.5, and Microsoft Pocket IE.

Continuous Speech Modality

The most natural facilitation of speech modality for the user would be simply begin speaking to the Web page
unhindered with the requirement of pressing a ‘speak’ button to initiate the input session. The SALT plug-
in does facilitate a means for continuous listening; however in the current implementation of SALTTTI this
feature is disabled. When this feature is enabled, SALTII would listen for and analyze all of the user’s speech
input to determine which elements can be used as valid input as determined by its grammar specification.
Future work for the SALTII interface would include the enabling of this functionality, but is not suggested
to be done until after the first full release of the SALT plug-in from Microsoft, which was at Beta 3 level at
the time of this writing.

5.4 Evaluation

In order to compare the WS://IM framework with respect to the previously mentioned interaction managers,
a series of metrics were defined. These metrics are focused on the two different classes of stakeholders:
the content providers and the users. Due to the nature of most interaction managers, the content providers
group must be extended to include designers, developers, and maintainers as well. The rest of this chapter
shall evaluate the WS://IM framework in comparison to database driven, model driven, and domain specific
language solutions to interaction management.

5.4.1 Content Provider Perspective Evaluation Metrics

The first set of metrics characterize the average requirements placed on a content provider if any interaction
manager was utilized. The evaluation metrics defined in this section are not specific to a content provider
as they are meant to include all human participants that are necessary to produce, develop, and maintain the
Web site.

System Setup

The initial impression of an interaction manager is generally in the system setup phase. This is where a
content provider gets a glimpse into the complexity of the interaction management solution adopted. This
metric is broken down into the various stages of system setup that start from installation of the interaction
manager and range to establishment of the actual interaction manager in working order.

o Installation Requirements

The installation requirements metric takes into account the amount of time and external knowledge
required to establish the correct environment for the interaction manager. This metric is designed to
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evaluate all of the requirements placed on the content provider in order to operate or use the interaction
manager.

The identified database driven, model driven, and domain specific language solutions require applica-
tion download and installation, a step common for interaction managers. This step requires a varying
degree of work, ranging from installation of language specific runtimes to specific SQL databases.
Most of the systems require installation of a specific type of Web server or the presence of a specific
library. As one might conjecture at this point, installation of these systems requires parsing through
numerous instructions and specifications in order to establish the correct local environment for the
system to operate. Such server configuration is necessary to be completed before any progress can
even begin with the interaction manager.

The WS://IM framework, however, makes system setup and installation as simple as providing an
XML file, which can be developed with applications ranging from simple text editors to specialized
XML creation tools like SyncRO’s <oXygen/> or Altova’s XMLSPY. Therefore, no special software,
libraries, or servers are required to use the WS://IM framework. This provides a drastic improvement
in terms of usability and the overall system cost for the content provider to the other interaction
managers. In terms of time and external knowledge required to establish the environment for the
interaction manager, the WS://IM drastically outperforms the other interaction managers.

e Network Requirements

To make the XML file available to the WS://IM architecture, a content provider will require a domain
name and web accessible network space, both of which are required by any interaction manager;
otherwise it cannot be easily accessed from the Web?. An interesting feature of WS://IM is that since
the content provider no longer directly handles interactions with users, the bandwidth and network
space requirements for the content provider are drastically reduced. This reduction is in contrast to
the previously mentioned interaction managers which require space for not only the content and style,
but also for the interaction manager and the libraries, languages, servers that it might require.

The WS://IM framework, by centrally handling interactions, reduces the bandwidth and processor
requirements for each content provider. Furthermore, since the WS://IM framework can handle a high
degree of simultaneous Web sites (bound only by processor and bandwidth requirements), the cost for
such a system can be apportioned across all participating Web sites, instead of each Web site paying
more for the same amount of processing power and network space. This distributable cost system
is a benefit of the architecture that was chosen for WS://IM, a design detail that is absent in any of
the other interaction managers. Therefore, one could attribute the centralized design strategy for the
WS://IM framework as the main contributor to its success in this metric.

e System Construction

The system construction metric refers to the amount of time and external knowledge required to
establish a working implementation of the interaction, withstanding the time required to install the
application and all of its dependencies. Most of the aforementioned interaction managers have de-
veloped a direct manipulation or interactive graphical user interface to specifically address this issue.
Such an interface is designed to assist the user in understanding the concepts that are being utilized in

The use of static IP addresses instead of domain names has been suspended from this discussion as it decreases usability for
the end user.
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the interaction manager, while still constructing the interaction manager, structuring the content, and
making presentation design issues.

In this metric, WS://IM may initially appear to fall short of the others, providing no graphical user
interface with which the content provider can construct the system. However, WS://IM allows the
content provider to use any proprietary text editor to produce their content in the specified format
or use a script to automatically extract the information from a data repository, as was done in the
CITIDEL case study. By using a standard data format in XML, WS://IM leverages applications
that the content provider is currently familiar with, like the previously identified XML creation tools
instead of requiring the content provider to learn a new suite of tools and technologies.

However, in the current implementation of the WS://IM framework, end points within the framework
point to actual web pages maintained by the content provider. This is an identified issue in the current
implementation and has been projected as future improvement for the WS://IM framework (see the
Future Work section for more details). This however must be taken into account as part of the evalu-
ation for the framework, which decreases the WS://IM framework’s value in the system construction
metric.

e Styling

Since the WS://IM framework operates ‘out-of-box’ with default styles for all supported modalities, a
content provider need not design, develop, and provide such styles until they are ready to do so. This
is in direct contrast to other interaction managers that require definition, or at least modification, of
HTML templates before the content can be made visible on the Web and only in one modality.

Furthermore, due to the adoption of Eq. 2.4 by WS://IM, complete separation of content and style
developments is facilitated. This in turn means that the content provider need not require anything
from the style provider and vice versa. For more stylistic Web sites, it is common practice, and one
retained but not enforced by the WS://IM framework, to define a standard naming and programming
interface between the two parties.

System Maintenance

The system maintenance metric includes two different forms of maintenance that affects the interaction
manager. First, content providers will frequently modify content to reflect changes that have occurred over
time. The second form of maintenance is general system maintenance and improvements for the interaction
manager system itself. This metric constitutes one of the most important desiderata of any interaction
manager as it represents the bulk of work done at any Web site.

e Content Modifications

Content modifications can be divided into two categories: minor and major. Minor modification
include spelling, grammar, on nomenclature alterations. In this category, almost all of the systems
fare equally well, requiring the content provider to simply modify their content storage (XML file,
relational database row, etc.). Major modifications, such as structure alteration, section removals,
section additions, provide a starkly different picture of the interaction managers. In this category,
domain specific languages suffer drastically as they require re-generation of the interaction manager
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to reflect the modification. Database driven and model driven sites also require a significant amount
of re-design and re-implementation in order to handle such drastic alterations.

WS://IM, however, only requires the content file to be modified and it will dynamically adjust itself to
handle the modification. Due to this, major modifications to the content are achieved using the exact
same workflow process as minor modifications, making major system modifications drastically easy
in comparison to the other systems. Because WS://IM handles style rendering, logic application, and
modality management for the content provider, system maintenance becomes a rather trivial task.

e Interaction Manager Maintenance

In the metric of interaction manager maintenance, WS://IM is unique. Since it features a centralized
architecture, maintenance is handled in one place and applies immediately to all of the Web sites that
utilize the framework. Furthermore, by being centralized, WS://IM maintenance can be handled by a
single set of trained professionals, instead of each Web site requiring a set of professionals who are
familiar with the employed interaction manager.

Due to the distributed nature? of the aforementioned interaction managers, updates may rarely be ap-
plied or, worse still, by erroneous updates may cause the Web site to become unusable or unavailable.
These issues are veritable nightmares for information technology professionals who are commonly in
charge of system maintenance, especially since they may not be fully, or even partially, trained in the
interaction management aspects.

Throughout these metrics, WS://IM either performs at par or exceeds the database driven, model
driven, and domain specific language solutions for interaction management. This indicates that, from
a content provider perspective, utilization of the WS://IM framework would reduce the overall cost,
in terms of time, monetary, and required knowledge, for providing content on the Web.

5.4.2 User Perspective Evaluation Metrics

The other human side, opposite of the content provider, for any interaction manager would be the user. The
following is a series of metrics to evaluate an interaction manager from the users’ perspective. They were
defined by analyzing the average web interactive techniques as well as the goals that are implied by those
techniques.

Interactive Navigation

Interactive navigation is one of the key aspects that defines the Web. Users and web sites conduct dialogs in
order to direct a user to some end goal. Facilitating this in some usable manner is the ideal goal of any Web
site, and in turn the goal of any interaction manager. All of the identified interaction managers provide an
in-turn navigation scheme where the partial information is to be supplied by the user in a rather restricted
format.

WS://IM is the only interaction manager to take the next step and allow the user to interject and control
the direction of the Web site, even if it is not designed in this manner. This allows users to provide their

3The word ‘distributed’ here refers to each Web site being in possession of its own, individual copy of the interaction manager
application.
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partial information at their own convenience and in their own vernacular. Preliminary usability analysis of
this out-of-turn interaction functionality has proven very positive [61].

Modality

As mentioned, the rise of ubiquitous computing indicates the increasing need to present information in a
multimodal manner. A few of the identified interaction managers, <bigwig>, AUIT, and Autoweb, offer
the ability, or planned capability, to present content in both HTML and WML formats, but none of them
extend beyond the screen based interface. The WS://IM framework, in its current implementation, takes this
logical next step and can present and interact with users through speech modality. To further extend this
multimodal functionality, future work for the WS://IM framework includes the ability to present content in
a 2D interactive graphics format (SVG), a 3D virtual environment manner (X3D), and highly interactive
speech modalities (Semantics Synchronous Understanding (SSU) [71]).

Dialog Management

Provision of information in multiple modalities facilitates an interaction manager to conduct dialogs with
users instead of turn based interaction sequences. This dynamic communication provides a natural interface
for information retrieval by the user, but brings an added complexity to deciphering user input for the inter-
action manager [51, 66]. Following from the previous evaluation criterion (modality), the only interaction
manager which is capable of a spoken language interface would be the WS://IM framework with its speech
modality. Furthermore, WS://IM, through its out-of-turn interaction capabilities, implements a means for
conducting dialogs between the user and the website.

Accessibility

In 1998, the United States Congress enacted the Rehabilitation Act that include a accessibility clause that
pertains directly to information technology. This clause, Section 508, was included to ensure that people
with disabilities have access to public information equal to everyone else. Attributed mainly to the date
created, none of the identified interaction managers directly address the Section 508 accessibility issue.

Towards Section 508 compliance, WS://IM provides all content in well-structured xHTML in order to pro-
vide meaningful metadata for screen readers directly in the content instead of through visual cues. Further-
more, as previously mentioned, WS://IM provides multimodal interaction for all of its users, meaning that
people with disabilities can directly interact with a WS://IM managed Web site using the modality that best
suits them, be it visual, voice, or tactile.
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Chapter 6

Conclusions and Future Work

6.1 Conclusion

The main contribution of this thesis is the validation of my original hypothesis — rich and contextual multi-
modal Web interactions can be supported through a factorized software framework using distributed compo-
nents and centralized management of interaction. Further, the enumerated software framework, embodied
in WS://IM, handles multimodal web interactions in a manner that reduces the requirements of the content
provider to a minimum. The provision of an entire abstraction layer to the interaction management paradigm
removes the content provider from having to perform any web development. In this framework, a means for
providing unique and different presentation styles per modality per content system has also been presented.
Similar to the previously mentioned abstraction layer, handling of styling is done in a manner that does not
require the style provider to interface with the rest of the system. With its provision of default stylings for
all modalities, WS://IM allows style providers to only develop presentation styles that are required to be
distinct, reducing the number of styles and modalities required for development to minimum.

This software framework further validates the staging transformation approach to interaction that is em-
ployed at the core of the WS://IM architecture. It provides a toolkit for future development of interaction
interfaces in any modality that can leverage the mixed-initiative interactions presented in this document.
In this sense, the research that has been presented in this document could be viewed as a web accessible
interface to the staging transformations modeling methodology.

The three case studies expose the ability of the WS://IM framework to simultaneously manage different
content systems in numerous different presentation and modality formats. The benefits of strict adherence
to the four entity, factorized equation of the Web (Equation 2.4) have been shown through the flexibility of
the architecture employed, the capabilities of the WS://IM system, and the extensibility of the framework to
facilitate future growth. Finally, an interaction management framework has been presented that encourages
the utilization of personalization techniques such as out-of-turn interaction for any content system.
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6.2 Future Work

This work has provided a flexible framework capable of extension to incorporate rising technologies. Future
directions for this work include:

1. Enhancing user-site dialog functionality:

The dialogs currently supported by WS://IM are primarily of the drill-down nature that utilizes a
fixed-length, hierarchical structure. We say that these dialogs are destructive in nature, since dialog
options are progressively narrowed. An interesting direction of future work is to relax this restriction
to support constructive dialogs, where the user can decompose a complex information-finding task
into a series of smaller subtasks, each of which involves simple mixing of initiative. Such dialogs
will become important with the rise of ‘social networking frameworks’ such as the Friend-of-a-Friend
(FOATF) specification [20].

2. Context creation and reuse
An important element of realistic dialogs is the ability to address and reuse context from earlier in-
teractions. Shopping carts at electronic commerce sites are a simple example of context creation and
use, but more sophisticated forms of context [25] could potentially be employed in user-site dialogs.
A second direction of future work would be to store WS://IM interactions as an addressable artifact,
that can be retrieved at a later date and possibly utilized in a different interaction.

3. Domain specific transformation engine component
The architecture of WS://IM was designed in a manner that the components could be replaced with
different components so long as they implement the interface in the specified language. Future work
could lead to development of domain specific transformation engines that implement that interface
and replace the current Web domain transformation engine. Examples of possible domain specific
transformation engines include the following two examples.

e Map coordinate processing engine that could dynamically determine localized information when
provided with geographical coordinate references.

e Semantic Web processing engine which could parse rich site summary (RSS) news feeds to
identify current information relating to some user provided topic.

4. Bi-directional mixed initiative interactions

This work has presented a means for facilitating mixed initiative interaction, allowing a user to supply
their partial information to the system. The current instantiation of the interaction, however, requires
the computer to wait until the user is finished providing all of their input, meaning that users do not
receive any feedback from the system until after they have finished. A bi-directional mixed initiative
interaction scheme would allow the system to begin processing the input while the user is still pro-
viding it, making the dialog highly interactive. Modern technologies such as Semantics Synchronous
Understanding (SSU) [71] already facilitate this level of interactivity; SSU would merely need to be
added as an interaction interface to the WS://IM framework using the publicly available JavaScript
toolkit.

Web based multimodal interfaces and the growth of ubiquitous computing devices represent the rise of the
next generation World Wide Web. The WS://IM framework provides a solid base for content providers
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to present their information using all modalities without having to continually redevelop their presentation
system to facilitate new modalities and presentation technologies.
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