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As we strive to identify useful information sifting through the vast number of resources available
to us, we often find that the desired information is residing in a small section within a larger
body of content which does not necessarily contain similar information. This can make this
Information Fragment difficult to find. A Web search engine may not provide a good ranking to
a page of unrelated content if it contains only a very small yet invaluable piece of relevant
information. This means that our processes often fail to bring together related Information
Fragments. We can easily conceive of two Information Fragments which according to a scholar
bear a strong association with each other, yet contain no common keywords enabling them to be
collocated by a keyword search.

This dissertation attempts to address this issue by determining the benefits of enhancing
information management and retrieval applications by providing users with the capability of
establishing and storing associations between Information Fragments. It estimates the extent to
which the efficiency and quality of information retrieval can be improved if users are allowed to
capture mental associations they form while reading Information Fragments and share these
associations with others using a functional registry-based design.

In order to test these benefits three subject groups were recruited and assigned tasks
involving Information Fragments. The first two tasks compared the performance and usability of
a mainstream social bookmarking tool with a tool enhanced with Information Fragment
Association capabilities. The tests demonstrated that the use of Information Fragment
Association offers significant advantages both in the efficiency of retrieval and user satisfaction.
Analysis of the results of the third task demonstrated that a mainstream Web search engine
performed poorly in collocating interrelated fragments when a query designed to retrieve the one

of these fragments was submitted. The fourth task demonstrated that Information Fragment



Association improves the precision and recall of searches performed on Information Fragment
datasets.

The results of this study indicate that mainstream information management and retrieval
applications provide inadequate support for Information Fragment retrieval and that their

enhancement with Information Fragment Association capabilities would be beneficial.
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1 INTRODUCTION

11 BACKGROUND

1.1.1 The Information Users’ Focus on Fragments

Even though the tools and the media available to us have changed dramatically over the
centuries, our objective as we gather information has always been the same. Our struggle has
always been to generate a set of interrelated information items useful to us for a specific project
we are working on. We prefer to consult multiple resources both in order to verify the
information we are gathering and in order to ensure that we have taken into consideration every
element useful to us. At the same time, we make an effort to focus on the specific parts of the
resources that are relevant to our project. In the process of selecting these specific information
items we also draw associations between them in order to ensure that as we revisit and focus our
attention on one of these items in the future we also have other closely associated items at our
fingertips.

The scholar who piles up books in a dark and dusty corner of a library, inserting little
bookmarks to identify the sections containing useful information, or the journalist who builds a

file of clippings from various sources, are both aware of the fact that useful information is often



found in specific passages within larger bodies of content. They are always in pursuit of
innovative ways by which this process may be facilitated.

For the purpose of our discussion, we call these specific passages Information Fragments
distinguishing them from the larger bodies of content which we call Information Entities. As for
the associations established between Information Fragments, we call them Information Fragment
Associations. Section 1.7 below provides more detailed definitions of these terms.

The concept of Information Fragment Association can be best demonstrated by a simple
example. Suppose that a scholar working on Sappho (first passage in Figure 1 below) wishes to
identify other instances in literature in which Love is compared to madness. The second passage,
from Sophocles’ Antigone includes such an allusion. We call Sappho’s poem and Sophocles’
tragedy Information Entities, since they are the large bodies of content produced as single works
by the authors. We call the selections of specific parts of the content Information Fragments. By
associating these two Information Fragments, a scholar makes sure that a visit to either of these
two Information Entities will allow navigation to the other one. The association by itself makes
some kind of a statement, but it can be further qualified by a description or by another

association to an article discussing the issue

O Eros, the conqueror in every fight,
Eros, who squanders all men’s wealth,
who sleeps at night on girls’ soft cheeks,
and roams across the ocean seas

and through the shepherd’s hut—

no immortal god escapes from you,

What in my mad heart was my greatest desire,

Who was it now that must feel my allurements,

Who was the fair one that must be persuaded,
Who wronged thee Sappho?

nor any man, who lives but for a day.

And the one whom you possess goes mad.
Even in good men you twist their minds,
perverting them to their own ruin.

You provoke these men to family strife.

The bride’s desire seen glittering in her eyes—
that conquers everything, its power

enthroned beside eternal laws, for there

the goddess Aphrodite works her will, [800]
whose ways are irresistible.

Figure 1 — Information Fragment Association
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1.1.2 Information seeking techniques and their limitations when it comes to fragments —

Fragment Association as a Statement

In general, we encounter information by employing two techniques:

a) Searching: In order to penetrate the content of the set of resources against which we
apply our search and pinpoint the exact passages containing a discussion of the topic of interest
to us, we employ free keyword searching. We try to translate our mental concepts into specific
keywords likely to have been used in relevant passages.

b) Browsing: We identify a resource we consider highly relevant and we follow any
references to other similar resources it may include. These potentially relevant resources can be
pointed to by hypertext links in a web page or, traditionally, by simple references listed in a
book’s bibliography section.

In reality, these two techniques are used in tandem.

Unfortunately, when it comes to trying to identify specific Information Fragments within
Information Entities, these techniques produce less than optimal results. It is particularly difficult
in the current web environment to pinpoint information contained in a small Information
Fragment. Navigation brings us usually to the top of an Information Entity or at best to a specific
point within an Information Entity. It does not identify and display the boundaries of the
Information Fragment. Similarly, keyword-in-context interfaces present us with a display of the
keywords used in the search specification surrounded by an arbitrarily defined fragment, not an
Information Fragment with exact boundaries. Moreover an Information Fragment may be highly
relevant but it may still not contain the keywords we are using. Even if our search mechanism
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employs lookup vocabularies supplying matching synonyms, a match may still not be possible.
As a result the Information Fragment may be missed by our query. The smaller the fragment, the

more likely we are to miss it.

1.1.3 Difficulties with Fragment Associations

One of the beneficial consequences of the written word’s moving from the scroll format to the
codex format was that the codex format made pagination possible. A reference to a specific page
in a book was perhaps not a perfect way of pointing to a useful fragment, but it was at least a
way of focusing on the area around a useful fragment. With the advent of the web, we have for
the most part moved back to the scroll format. Although it is not very common to have a body of
text of the length of an entire book in a single web page, a very large number of web pages are
too long to allow the reader to quickly scan them for a specific fragment reference. Even though
HTML provides the capability of defining named anchors which can serve a function similar to
pagination, their use has been very limited. Several web specifications[1-3] have dealt with the
issue of granularity and have provided very satisfactory solutions[4]. Yet, the reality we are
facing is that most web pages are still not built with any granularity defined, and even in the
cases in which granularity exists there is lack of consistency. The majority of web page creators
do not pay attention to such matters perhaps because they do not see any tangible evidence that
doing so will be worth their effort.

Of course, even if web page creators were given facilities involving granularity to create
references to fragments of their pages, our current environment would still not allow us to
emulate the reader’s mental process of identifying two fragments belonging to two different
resources and creating an association between them. Accomplishing that would entail being able
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to define unambiguous references to both fragments and being able to record this information.
Current web practice involves physically embedding the link in the referring web page. This
makes it necessary that the creator of this link have the appropriate privileges to edit that page.
Unfortunately, although this is possible in collaborative systems such as the wikis, it is not
possible in the majority of cases in which the integrity of the original document is paramount.
This is contrary to the spirit of anybody having the ability to associate any fragment with any
other fragment. In other words, a scholar working with two primary sources created by two other
authors has to be able to associate Information Fragments within these primary sources without
altering them in any way. The question we are faced with is how to contrive a solution providing
the capability of establishing XLink-like external links, ensuring persistency and incorporating
creator ownership.

The lack of exact boundaries may not seem very important when it comes to casual
browsing for information. It may be sufficient to point somebody in the general direction of
useful information, but when it comes to creating associations between two Information
Fragments, the inability to define boundaries may be crippling. An association between two
Information Fragments is a kind of statement; perhaps a statement that needs further
qualification, but still a statement. It is a statement expressing the relationship between two
statement sets. Each statement set is contained within one of the two Information Fragments
being associated. Boundary uncertainty can alter the interpretation of these statement sets thus

generating uncertainty about the nature of this association.



1.1.4 Organization and Access to Fragment Associations

All of the issues listed above demonstrate that we lack a consistent and global way of making
Information Fragment Associations available. Search engine results would potentially be
enhanced if we were able to manage to capture the intellectual activity of Information Fragment
Association creation and make it available to them. Current user interfaces for browsing also
lack the functionality of allowing the user to easily navigate from one fragment to another.

Browsing would be significantly enhanced by overcoming these shortcomings.

1.2  TYPES OF INFORMATION FRAGMENT ASSOCIATIONS

Information Fragment Association features as an indispensible characteristic of human
communication regardless of the format in which this communication is recorded. Written
communication strives to simulate mental activity. The tendency of carving a piece of content
out of a larger body of content and extending it by associating it with something else is always
present whether one uses papyrus scrolls or information systems. There is no difference in the
way Information Fragment Association manifests itself in different formats. However, there are
different types of Information Fragment Associations, the definition of which depends on the
way the association is applied to the content. For the purposes of this Study we define three types
of Information Fragment Association:

e Referential Information Fragment Association

e Annotative Information Fragment Association

e Relational Information Fragment Association



1.2.1 Referential Information Fragment Association

A Referential Information Fragment Association is defined as the association created in the
process of composition of information content as a reference to information content found
elsewhere. For example, a scholar writes an article in a paper publication and quotes verbatim,
paraphrases or simply provides a reference to a section within another article. This act is
considered to be a Referential Information Fragment Association. For the same reasons we
consider Ted Nelson’s Transclusion to be a form of Referential Information Fragment

Association. In Figure 2 Wilson quotes an Information Fragment from Winkler.

The scene in fr. 141 does seam,
however, to present a further s
conjunction of female/male workds, thare are two sides to double-

anather crossing of sexual boundaries. consciousness: Sappho both re-

It bacomes particulary obvious in ber enacts scenes from public culture
representations in this genre, that, to infused with her private perspective as

quote Winkler (1981: 77), the enclosed woman and she speaks
“there are two sides to double- publicly of the most private, woman-
consciousness: Sappho both re- centered experiences

enacls scenes from public culture
infusad with her private perspective as

the enclosed woman and she speaks Winkler J_J. {(1981) 'Gardens: of
publicly of the most private, weman- MNymphs: Public and private in

centered experiences” Sappho's lyrics', in Reflections of
Wiorman i Artiguity: B3-88

Lyn Hatherly Wilson (1996) Sappho’s
Sweat Biffer Songs

Figure 2 - Referential Information Fragment Association

1.2.2 Annotative Information Fragment Association

An Annotative Information Fragment Association is defined as the association created between
an Information Fragment residing within an Information Entity and a comment made about that
Information Fragment. This comment is composed with that specific Information Fragment in
mind. It does not constitute an Information Entity nor is it an Information Fragment within a
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separate Information Entity. It is simply an Information Fragment attached additively to an
Information Entity as an extension of its original content. The marginalia of a medieval
manuscript or the entries of a traditional Commentary would constitute Annotative Information
Fragment Associations. This is the type of Information Fragment Association supported by most
modern annotation systems. Figure 3 shows an annotation made in Kenneth Quin’s commentary

on Catullus. Quinn’s comment is attached to line 72 of poem 64.

An elegant, distancing line; the
latent metaphor in spinosas is
drawn out by serens

spinosas Erycina serens in peclora curas 4

>

Figure 3 - Annotative Information Fragment Association

1.2.3 Relational Information Fragment Association

A Relational Information Fragment Association is defined as the association created between
two Information Fragments residing within two Information Entities as a result of the realization
that these two Information Fragments have some relationship which needs to be pointed out.
Unlike the Referential Information Fragment Association, the Relational Information Fragment
Association is not created during the composition of an Information Entity. It is the means by
which a third-party associates information from two different sources. Traditional Commentaries
make extensive use of this type of association when in addition to the annotations they provide
about an Information Fragment, they point at similarities or differences between this Information
Fragment and other Information Fragments. The left side of Figure 4 shows an entry in a
commentary which refers to two other verses from two different poems of Catullus — poem 72,

verse 2 and poem 55, verse 17. According to the commentator Kenneth Quinn these two verses



are examples of use of the verb teneo having connotation similar to that of the same verb in
poem 64 verse 28. These two references constitute two Relational Information Fragment

Associations. These two Relational Information Fragment Associations are shown on the right

/ nec prae me velle tenere lovem

tene Thetis tenuil pulcherima MNereine?

\ nunc {e lacteolze tenent puellae?

Figure 4 - Relational Information Fragment Association

side of Figure 4.

28. tenuit: cf. 72.2 tenere and 55.17 nunc te tenent;
"held enthralled” rather than "held in her arms”

1.2.4 Use of the Three Information Fragment Association Types in this Study

The distinction drawn here between these three types of Information Fragment Associations is
made for the purpose of providing a more lucid outline of the scenarios in which Information
Fragment Association is being used. Information Fragment Association is seen as a single model
with three different manifestations. Each one of these types contains all of the characteristics of
the model but it functions differently depending on its objective.

The terms used here have some similarity to terms used in DeRose’s more detailed and
comprehensive taxonomy of links (2.3.1) but they are not quite the same. DeRose does not draw
the distinction between a reference and a relationship.

Having these three types in mind helps better understand the functionality of some of the
systems presented in the Literature Review. Some of these systems support all three types, some

of them only one. For example, the pure annotation systems support only the Annotative
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Information Fragment Association. This dissertation deals with Information Fragment
Association as a single entity. The discussion and conclusions of this Study apply to all three
types, so none of these types is ever referred to individually below. The focus, however, is
primarily on Referential and Relational Information Fragment Associations and far less on the

Annotative.

1.3 STATEMENT OF THE PROBLEM

As the universe of information resources keeps expanding, users often feel overwhelmed with
the quantity of content they have to consume in order to sieve out the specific information they
need. The desired information is often residing within a larger body of content which does not
necessarily contain similar information. On the other hand, similar information may reside in a
multitude of small fragments residing within other, seemingly unrelated resources. Keyword
searching is an invaluable tool used for penetrating through large bodies of content and
identifying possibly useful fragments. However, although keyword searching is often an
effective tool, we can easily conceive of two information fragments which according to a scholar
bear a strong association with each other, yet contain no common keywords enabling them to be
collocated by a keyword search. Associations can be drawn between thematic elements of
otherwise completely different contents. For example, in spite of the lack of any plot similarities
between Euripides’ Bacchae and Shakespeare’s The Merchant of Venice, some kind of

association may be established between portions of a scene in the Bacchae in which a man is

10



dressed like a woman and a scene in The Merchant of Venice in which a woman is dressed like a
man.

Regardless of its format, an Information Fragment may contain both explicit and implicit
content, the implicit content being evident to users with a common cultural or educational
background. For example, an art critic may observe that one of the characters depicted in a
Rafaello painting has the same melancholic countenance as one of the characters depicted in a
Michelangelo painting. A user mentally associates an Information Fragment with another one
judging that Information Fragment’s implicit or explicit content as bearing a relationship with
the implicit or explicit content of another Information Fragment. This judgment may be based on
fact or on opinion. In either case, this mental association has the potential of being invaluable to
other users. This Study attempts to estimate the extent to which the efficiency of information
retrieval will be improved if users are allowed to capture their mental associations and share
them with others using a functional design. Moreover, it attempts to evaluate the overall
usefulness of Information Fragment Association to users and to determine what facilities should

be employed in order to accomplish this.

1.3.1 Capturing and Re-using Users’ Mental Associations

Search engines strive to bring some order to the chaos created by the vast accumulation of
information resources on the Internet. Other than an often imperfect compliance with the HTML
specification, most of these resources share very few structural similarities. As these engines sift
through the mounds of available resources, they often benefit from any structured, commented or
interlinked information they encounter. Since they continuously incorporate new features
exploiting innovations in information generation, one cannot help but ponder of how much more
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needs to be done to present search engines with more hooks they can use to improve information
retrieval.

The lack of such additional hooks has deprived search engines from information that
users could have supplied with minimal effort and mostly as a result of their everyday routine.
Information users have the ability of mentally establishing relationships between specific pieces
of information as they encounter them. Ted Nelson points out that “links are made by individuals
as pathways for the reader’s exploration”[5] (p.2/23). The current web environment allows the
authors of web pages to provide links to be navigated by readers. Wouldn’t it be ideal if these
links were created by the readers themselves? Is there a way to capture this information while at
the same time facilitating the work of users instead of imposing an additional burden on them?
Whatever these hooks may be, it is safe to assume that their success would be related to how
simply they can be generated by users. Users have embraced the linking capabilities of HTML
because they are very simple to create. If we introduce something new, it has to be as simple as
that, or it will die of misuse.

These associations can serve as our additional hooks. How would these hooks be
generated? Are existing technologies adequate to accommodate them or would there be a need
for major changes? The answer to the last question is simple. Whatever is proposed here has to
complement existing technologies, not replace them. The answer to the first question will be

sought with further consideration of the issue.

1.3.2 Improving the User-friendliness of Currently Available Linking Technologies

Technical solutions to linking an information resource with an information fragment have been
introduced. W3C’s XML Pointer [6], XML Base [7] and XML Linking [8] Specifications
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provide such capabilities. But what does this mean for the average user? Is the average user
likely to embrace these technologies in their raw format in the same way that simple HTML
linking has been embraced so far? Are users able to use these technologies to point to any
information fragment in any information resource? The answer to both of these questions is no.
Can these technologies provide a key to a solution allowing users to establish such links? The
answer is yes. However, the particular techniques are not as important as the framework to which

they are to contribute for this envisioned contribution to become a reality.

1.3.3 Providing Typed Link Capabilities

For expediency, this Study did not require subjects to use typed links. However the tools used
were designed with that capability. The Study used the default typed link denoting “similarity” to
associate the Information Fragments and the results are viewed with that restriction in mind.

It is desirable to have the option of attaching descriptive attributes to associations. Doing
so may help search engines. Although anchor text is often invaluable as machines attempt to
determine the general nature of an expert’s comments, the brevity of the comments and the
ambiguity of the language used can lead to wrong readings. It is conceivable that an easy to use
interface allowing users to create typed links using options available in general or domain-
specific vocabularies would encourage some users to provide more “formal” information. Very
interesting approaches at providing incremental formalization of informal user input have been
proposed[9], albeit perhaps involving more steps than users would be willing to follow. If this
formalization is not very ambitious, but rather focusing on detecting one or two important

attributes such as negative vs. positive tone or the most descriptive term used in the anchor text,
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the creators of the links may not mind establishing these typed links if prompted for a simple

verification.

1.4  THE STUDY OF INFORMATION FRAGMENT ASSOCIATION

The study of Information Fragment Association is being carried out with the ultimate goal of
future development of a framework capable of handling Information Fragment Association and
related issues at the web scale. However, the study presented in this dissertation has one modest
goal: to assess the degree to which the enhancement of mainstream applications with Information
Fragment Association capabilities is advantageous.

To achieve this goal, a study involving human subjects on several tasks was conducted
around measuring the efficiency of the process of bookmarking and retrieving Information
Fragments, estimating the accuracy of association, evaluating the user experience, determining
the need for enhancement of results yielded by search engine when searching for Information
Fragments and calculating the recall and precision of searches for Information Fragments in
mainstream tools. Specifically, the study attempted to determine

e whether the total time needed for the entire process of bookmarking and then that of
retrieving two Information Fragments within two Information Entities would be shorter if
using a fragment association interface rather than using a mainstream social bookmarking
tool.

e whether the overall usefulness and usability of the process of bookmarking and then that

of retrieving two Information Fragments within two Information Entities would be better
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if using a fragment association interface rather than using a mainstream social

bookmarking tool.

e whether the rank difference of the two Information Fragments within the results of a

search query designed to retrieve the first one is less than 10

e whether Information Fragment Association could improve the Recall, Precision and F-
measure of keyword searches targeting a specific Information Fragment residing within
an Information Entity

The Study consisted of 4 distinct tasks and was carried out by 3 subject groups each
consisting of 6 University of Pittsburgh students. In Task 1 the subjects of Subject Group A and
B were given twelve pairs of news stories and asked to define Information Fragments and
establish an association between them. In Task 2, they were given the first Information Fragment
and they were observed as they attempted to identify the second one. In Task 3, Group C was
given the first Information Fragment of a pair and asked to compose a search query to be used to
retrieve that Information Fragment from Live Search. By submitting this query the distance
between the two Information Fragments within the search results was determined. In Task 4, the
test administrator submitted the queries provided by the third group to the two tools under
examination to determine Recall, Precision and F-measure.

The Study employed primarily quantitative research techniques but some qualitative
analysis was also performed. The choice of the quantitative approach as opposed to the
qualitative was based on the consideration of the objectives of the study and the nature of the
tests feasible within the timeframe of the study. Since the main objective of the study was the

examination of the effect that the presence or absence of Information Fragment Association
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functionality has on everyday information management and retrieval operations, the most

suitable approach was a quantitative-experimental approach.

1.5  SIGNIFICANCE OF THE STUDY

Although one can argue that the benefits of Information Fragment Association seem to be self-
evident, making such an assertion requires tangible proof.

This Study stemmed from the realization that by producing tangible evidence proving
that retrieval performance and usability is significantly improved when Information Fragment
Association is incorporated in mainstream applications, one can go a long way towards being
able to make a strong argument for an integrated solution providing Information Fragment
Association capabilities.

Another contribution of this Study was the fact that it provided an entirely different
perspective for viewing the results of mainstream search engines. It has proven that contrary to
our usual common assumptions it is often the case that two Information Entities containing two
Information Fragments determined by users to have some strong relationship appear very far
apart within the result sets of mainstream search engines. Sometimes a search query retrieving
the one does not even retrieve the other one. This can be the case even if the entire Information
Entities encompassing these two Information Fragments have related content. By demonstrating
one area in which search engine results clearly need improvement and by doing so using data
generated using a test prototype Information Fragment Association solution, this Study has

produced results making a strong case for enriching search engine results with an additional
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result set dimension allowing the searcher to take advantage of Information Fragment

Association data.

The outcome of this Study has given insights on the design of a comprehensive solution

providing Information Fragment Association capabilities. Although it did not tackle every

possible aspect of such a solution, it has provided a good basis for designing a framework for

implementations providing these capabilities.

1.6 LIMITATIONS AND DELIMITATIONS

1.6.1 Limitations

The news stories used in Task 1 and Task 2 of this test were pre-selected by the test
administrator. It would have been preferable if these stories had been selected by the
subjects themselves, but this would not have been possible within a reasonable amount of
time. It was very important to allow the subjects to concentrate on the Information
Fragment selection and submission rather than the preliminary task of identifying the
stories. This time consuming task was undertaken by the test administrator. Attention was
paid to making sure that the story pairs selected for this Study contained content with
enough similarities. This made it easy for the subjects to identify related Information
Fragments.

In Task 3, instead of using the more popular Google search engine as originally planned
this Study used the Live search engine. Google’s December 2006 decision to reduce the

resources available to its web services API affected the performance of the interface. For
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this reason, the Live search engine API was selected because of its robust performance.
This may have affected the findings of the Study slightly, but it is very unlikely that the
outcome would be different otherwise.

e For practical purposes only the first 1000 results were considered in Task 3. Since several
of these queries yielded more than 1000, in the cases in which the second Information
Fragment was not found within these 1000 results it was not possible to determine
whether it was at all present in the entire set of results. However the number was
sufficiently high to provide a very high degree of confidence in the conclusions of the
test. Any significant distance between the two Information Fragments was seen to
support the notion that search engines have a lot to gain from the presence of Information

Fragment Association capabilities.

1.6.2 Delimitation

The members of the test groups were primarily students with interest in news information
resources and with some professed degree of comfort using online computer interfaces. Although
advanced skills would have been beneficial to the test ensuring that they are highly motivated
and diligent, this could have been a drawback as well. Average users may be far less capable of
determining the topic of an Information Fragment than users with information management
skills. The Study targeted students in the Arts and Sciences instead of Information Sciences. The
varying degrees of commitment or competence of the subjects were taken into consideration for
the determination of their assignment. For example, a subject with limited computer interface
capabilities but with good searching skills was assigned to Group C which involved web
searching instead of Group A or Group B.
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1.7 DEFINITION OF TERMS

Information Entity -- Referring to instances of human communication can often be
imprecise, as the definitions of information objects created as a result of human
communication can vary. For this reason, a single term called “Information Entity” will
be used throughout this discussion. We can informally define “Information Entity” as a
single piece of human communication in a given state at a given moment. This means
that an updated version of that piece of communication constitutes a different Information
Entity. Specifically, as we are primarily talking about web pages, we can consider a web
page as it is viewed in a browser by a user at a specific point in time to be an
“Information Entity”. The ability to cache a page at that specific moment would ensure
the integrity of this Information Entity.

Information Fragment -- For the purposes of our discussion, an Information Fragment is
a content portion of an Information Entity the boundaries of which have been defined by
an Individual, the Fragment Association Creator.

Individual -- A person interacting with an Information Entity either as a creator or as a
consumer (user).

Entity Creator — An Individual who has created a given Information Entity

Fragment Association Creator -- An Individual who has created a given Information
association between two Information fragments

Identity -- An Individual or an organized group of Individuals (e.g. a Professional
Association) seen as a single entity. This Individual could be both an Entity Creator and a
Fragment Association Creator.

Identity Group -- An Identity capable of containing multiple other Identities

Information Fragment Association -- The association between two Information
Fragments created by an Identity. An Information Fragment Association may bear
additional optional attributes describing this association.

Information Fragment Collection -- A Collection of Information Fragments brought

together in a single unit by a single Identity. Its primary envisioned function would be to
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1.7.1

bring together Information Fragments located in different locations within the same
Information Entity and complementing each other in covering a particular topic.
Relationship Qualifier -- Any term or discussion used to describe the nature of a
Fragment Association

Descriptive Qualifier — Any term or discussion used to describe the content of an
Information Fragment

Creator-Specific Links -- The links to be used in this study will be called “creator-
specific links”. They will actually be “typed links” with the only required attribute being
the creator.

Collocation — The bringing together of two interrelated content items in the process of

browsing or searching

The Relationship between Information Entity and Information Fragment

An Information Entity and an Information Fragment are both containers of some information

content. An Information Entity is a container defined by the author and has some formal

boundaries. An Information Fragment is defined by the consumer of the Information Entity and

its boundaries are informal.
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2 LITERATURE REVIEW

2.1 REVIEW AREAS

Frank Halasz, the great hypertext visionary in a 1988 article[10] reflecting on the lessons learned

by his involvement in the development of the NoteCards hypertext system, lists seven issues:

7.

o a0~ w e

Search and Query

Composites (dealing with relationships between notes and references)
Virtual structure for dealing with changing information

Computation over hypermedia networks

Versioning

Support for Collaborative Work

Extensibility and Tailorability

Although every single one of these issues has been tackled with, a lot of work still needs

to be done for us to be in a position to say that we have really addressed them. This project

attempts to tackle to some degree issues 1, 2, 3 and 5. Specifically the endeavor undertaken with

this work has derived its inspiration from the study of literature covering the following main

areas:

Information Entity and Information Fragment (Halasz’ issue #2)

Information Fragment Association Theories and Reference Models (Halasz’ issue
#2)

Systems Supporting Information Fragment Association (Halasz’ issue #2 and #3)
Versioning (Halasz’ issue #3 and #5)

Search Algorithms and Search Engines (Halasz’s issue #1)
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e Social Bookmarking (Halasz’s issue #6)
Over the last 25 years or so we have seen remarkable developments in the world of

information systems. The introduction of the World Wide Web and the exhilarating possibilities
and daunting challenges it has brought forth have overshadowed some earlier work. During the
quest for inspiration for this work, it seemed very attractive to look at some of these earlier ideas

along with the new ones. The outcome was very rewarding.

2.2 INFORMATION ENTITY AND INFORMATION FRAGMENT

One of the major points that this work is dealing with is the fact that the current web
environment is designed to handle Information Entities, which are entire documents, but it fails
to adequately address Information Fragments within these Information Entities.

The following sections are dealing with the concepts of Information Entity and
Information Fragment and are attempting to incorporate some related theory. In the case of
Information Fragment, some examples of practical use of this concept by systems and

specifications are also presented.

2.2.1 Information Entity

Miksa[11] calls the universe of human knowledge representations the Information Entity
Universe. He states that “every object ever used intentionally by humans to record and convey
knowledge is theoretically included in this universe”. He further provides a definition of
Information Entity by describing the objects comprising this universe as “every formally

produced thing, but also every scrap of paper, every occasional note and memorandum, in short,
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every object ever imbued by humankind with a message and set aside in order to preserve and
convey the message it contains”.

For Schamber[12] such an object would constitute a “document”. However, for her a
document may also be a form of a meta- document constituted by a number of heterogeneous
items linked together, or a conceptual display of a number of related items. In general, what is
usually defined as a “Document” is the same or similar to what we consider here to be an
“Information Entity”. Of course as always, we have to be careful when we make generalizations.
The word “Document” has been given many different definitions and some of them bear a
weaker relationship with “Information Entity” than others. Buckland[13] presents various
definitions offered by prominent scholars in the field. He quotes Briet’s definition of a document
as "any physical or symbolic sign, preserved or recorded, intended to represent, to reconstruct, or
to demonstrate a physical or conceptual phenomenon". He also presents Ranganathan’s view of a
document as an "embodied micro thought” on paper “or other material, fit for physical handling,
transport across space, and preservation through time". These definitions have a weaker
relationship with what is conceived of as “Information Entity” here. For example, Ranganathan’s
“micro thought” used without any further qualification can easily apply to an “Information
Fragment” as well as an “Information Entity”. Nevertheless, in most cases, the definitions of
“Document” would encompass the same sets of human communication objects as the ones an

Information Entity is meant to describe.

2.2.2 Information Fragment

Ted Nelson, the visionary often credited with coining the word “Hypertext” [14], and whose

work has been very influential in the Hypertext community, has often been very critical of the
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current state of the World-Wide-Web[15]. In fact, his work and lifetime pursuits are
diametrically opposite in approach to the rapid and unbridled growth of the World-Wide-Web. Is
his vision completely utopian or simply ahead of its time? The answer can be found in the
numerous instances in which ideas articulated by him have found some kind of implementation
albeit under a different incarnation. This is why hypertext theory is still extremely useful as we
deal with the realities of today’s interconnected information resources. Nelson introduced the
concept of Transclusion[15, 16] which is essentially the ability of a document to include by
reference sections of other documents. Transclusion is in essence a Referential Information
Fragment Association as defined in 1.2.1 above. This means that although Nelson never used the
term Information Fragment, the most important aspect of his thinking was the realization that
referencing small fragments within a larger body of content was an important issue that system
design had to address. His elaborate tumbler addressing mechanism[5] aimed at being able to
define exact spans of content within the entire “Docuverse”. Even though the concept of a span
was far more complex and ambitious than the concept of Information Fragment, the two share
one fundamental characteristic, the fact that they represent an addressable slice of content within
a larger content. The difference lies more on the mechanics of implementation rather than the
concept. Nelson presents this concept masterfully, but when it comes to usage scope, he
concentrates on quotation which is just one particular use of Information Fragment. In other
words he has described the Referential Information Fragment Association but not the Annotative
or Relational Information Fragment Association. Transclusion was certainly the inspiration for
Information Fragment but the scope of Information Fragment is broader.

Nelson’s emphasis was on reuse, and he has certainly been very influential with that.

Modern website development capitalizes on that concept. Although Nelson’s vision has proven
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to be very complex, to some degree it has been realized with a variety of technologies. The most
simple implementation is the use of includes in web pages or the IFRAME tag in HTML,

although that implementation runs short of what Nelson had in mind..

2.2.2.1 Information Fragments and W3C Specifications

The need to address a fragment within a larger content body has been recognized by the
numerous web specifications available today. Many of these specifications are dealing with the
issue of granularity. Specific sections within XML documents can be referenced with a variety of
processes as long as the XML document is tagged in a way allowing for these specific sections to
be referenced unambiguously. Each specification elaborately addresses a need, and they are
roughly of two types: those used for manipulating or extracting information out of XML
documents and those used to describe documents or define the relationships between them.
Examples of the first type are those dealing with document presentation (XSLT[17]) , formatting
(XSL-FO[18]), data processing (XQuery[19]) etc. Examples of the second type include
specifications such as XLink[8], which allows for the description of extended links between
resources, RDF[20] which allows for the description of the resources themselves. One may call
this latter type of techniques as “external” since they do not alter the documents they describe but
rather maintain external references to them.

One of these “external” techniques is XPointer[6], a specification describing a way of
providing addressing for fragment identifiers. This particular specification recognizes and
attempts to address one very important issue: defining, describing and navigating to distinct
information fragment within a larger content body. Although it only deals with addressing and
not the broader issues and it provides a solution only for XML tagged documents, presupposing

that the desired fragment has been pre-tagged and defined as an XML element, this specification
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highlights an aspect of the web environment that deserves further examination. The main
difference between XPointer and the approach taken here is that XPointer simply concentrates on
the technique of defining the boundaries of Information Fragments and does not deal with their
function. In other words, XPointer can very well be used with appropriate extensions as part of
an overall framework providing Information Fragment Association functionality, but it does not

constitute an integrated Information Fragment Association framework by itself.

2.3 INFORMATION FRAGMENT ASSOCIATION THEORIES AND REFERENCE
MODELS

As the term implies a Link is an instrument used to connect two items. We have come to be very
familiar with the ubiquitous HTML links, but those links are only a small simplified subset of the
entire spectrum of links devised by traditional hypermedia systems. In his survey of Hypertext
systems, Conklin[21] has outlined the several functions performed by links in hypertext systems:

e They can connect the reference to another document to the document itself.

e They can connect a comment or annotation to the text about which it is written.

e They can indicate that some text is a subsection of some other piece of text, or other
kinds of organizational information (i.e. the link between a table of contents entry and its
section).

e They can connect two successive pieces of text, or a piece of text and all of its immediate
SUCCessors.

e They can connect entries in a table or figure to longer descriptions, or even sub-tables or

figures.
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In addition to these functions, hypertext theorists have introduced the concept of typed
links. Trigg[22] provides an exhaustive outline of typed links, which incorporate another
characteristic a link may have. These types are used to describe the relationship that these links
define between the two linked items. Examples of some of the links proposed by Trigg are
refutation, support, solution, explanation, correction, update, continuation etc. For example, in
a specific passage in an article an author B refutes a specific passage of an article by author A.
The link between these two passages (which we call Information Fragments) is a refutation link.

Yet another characteristic of more advanced links is directionality. Ordinary HTML links
are unidirectional, allowing the user to jump from one place to the other. In more full-featured
hypertext systems links are bidirectional, providing more navigation options.

Links can therefore incorporate far more functionality than ordinary web links. The
concept of Information Fragment Association is based on some of these additional
functionalities. In order to get a better picture of the nature of Information Fragment Association,
we need to examine some attempts at shedding some light on this complex concept. Links can be
categorized in many ways depending on their functionality or structure. Even though many
categorizations such as the one introduced by DeRose[23] and listed below are possible, most
scholars agree with Davis[24] that there are two primary kinds of links: Embedded and External.
Embedded links are those containing the linking information embedded within one of the two
documents being linked. External links employ some external storage component where the
linking information is being recorded.

The following sections are dealing with some theories regarding linking. First, a general
taxonomy of links is presented in order to offer a broader and more comprehensive view of the

topic. After that, we focus on the more specific issue of Information Fragment linking,
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presenting previous approaches. Finally, since we are committed to supporting a simple form of
typed links, a discussion of the concept is provided which includes a reference to the way typed
links can be used as descriptive attributes, the conditions for their use and their differences from

what has been traditionally proposed.

2.3.1 Taxonomy of Links

DeRose[23] has provided a comprehensive taxonomy of links to help us distinguish
between the variety of linking usages shown in Figure 5. According to DeRose, "the destination
of an intensional link is defined by some function that finds the desired ends, rather than being a
list of known ends". The link is thus inferred from the structure rather than being defined. The
fact that intensional links are predictable allows them to lend themselves to be used by
automated systems. However, they are not as sophisticated as the extensional links which have
the capability of being defined as links from any location (or fragment) to any location (or
fragment). These are the links normally created by humans after some content processing, or by
very advanced automated systems. The Information Fragment Associations being envisioned
here are “Extensional Links” of any possible subcategory, but they are primarily “Associative

Links”.
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2.3.2 Linking to an Information Fragment

The concept of linking to an information fragment is not novel. The ReferenceSpecifier defined
by Gregnbaek and Trigg [25] in their extension to the Dexter Hypertext Reference Model [26],
was based on a similar concept. ReferenceSpecifier was introduced as a specific type of
LocationSpecifier. LocationSpecifier was defined as a model of the capability of a hypermedia
system “to specify a location in a body of electronic material”. It specifies more than just a
location though. It contains an attribute called the “within-component structure descriptor” which
can specify among others position, span, video frame, chapter, paragraph etc. ReferenceSpecifier
had an additional attribute for specifying the parent component. The component was the
“wrapping” for a document. In other words, ReferenceSpecifier theoretically as a model contains

the attributes allowing it to establish an Information Fragment Association. However, this has

! From [23] S. J. DeRose, "Expanding the notion of links," in Proceedings of the second annual ACM

conference on Hypertext, Pittsburgh, Pennsylvania, United States, 1989, pp. 249-257.

http://doi.acm.org/10.1145/74224.74245.
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some inadequacies when it comes to adapting this within today’s environment.
ReferenceSpecifier evolved out of hypermedia systems that were for the most part within the
control of their designers. Even though the framework that Grenbak and Trigg presented was
part of the transition to open hypermedia systems, the functionality which would have allowed
Information Fragment Associations to be created could not be applied to the Web. Even though
the Web and its first search engines were already in existence at the time ReferenceSpecifier
appeared, the only relationship between that model and the Web involved the consideration that
the standard embedded URL could be expressed using this model as a simple LocationSpecifier.
This means that it was never intended to be a complement of the Web. The Web was considered
a simple implementation of this model, lacking most of its functionality.

However, this concept did appear as a desirable complement to the Web infrastructure
when issues like referential link integrity are considered. Davis [24] outlines all issues and
possible approaches to the content reference issue. He defines content reference as some kind of
pointer to the destination of a link and he tackles the content reference problem which occurs
when a document is edited but the references into the document are not updated causing the link
to point to the wrong point in the document. He does not attempt to present any solutions.
Instead, he presents several possible options, some of them better than others, but with the
awareness than none of these options provides a perfect solutions. In the interest of being
comprehensive, the first option he presents is doing nothing about the problem, just making sure
that the users are aware of this problem. The second option is to attempt to express links
declaratively (as some kind of queries). This of course, does not guarantee their accuracy. His
third option is realistic and practical. He suggests leaving the burden of fixing the links to the

users but at least providing them with some tools to make this easy. The forth option is the
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slightly utopian solution providing accurate just-in-time automated adjustment of a link when the
content changes. His last option is a solution requiring all hypertext objects, including the node
content to be part of the hyperbase which maintains the integrity of the links. Davis concludes
that none of these options are ideal and that all of them compromise the integrity of open
hypermedia systems. He suggests that depending of the scope of an application different degrees
of implementations of these options may be necessary. During the discussion he mentions the
versioning option, a variant of which is the approach taken here, imperfect as it may be.

The XLink[8] and XPointer[6] specifications are also comprehensive solutions aimed at
utilizing the current Web infrastructure to accomplish similar results. However, they are not
designed to handle existing information. They are a well-structured solution presented as the
prescribed way for offering external link capabilities and content referencing. This means that it
relies on the authors of the documents to provide some structure. We can expect to see more and
more structured documents in the future, but currently there are a lot of unstructured but valuable

documents on the Web, for which XLink and XPointer may not be the best solution.

2.3.3 Typed Links

Introduced by Randall Trigg[22], this concept allows for assigning attributes to describe the
relationship between linked items. Trigg divides typed links into two categories: Normal Links
and Commentary Links. Normal Links are the links describing the relationship between two
nodes. For example a Support link, which is a Normal typed link, can specify that A is a node
containing information supporting B. The implication here is that A and B can be independent of
each other, and they are simply associated with each other with a link describing a relationship

between them. Trigg’s Commentary Links are links between a node and statements about that
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node. This implies that these statements are dependent on the original node and are applicable
only to that node. They are therefore similar to what we call Annotative Information Fragment
Associations. Although the distinction between Normal Links and Commentary Links is very
helpful, it is too general and it fails to take into consideration the most important information
about a link, which is the creator of the link. To demonstrate this deficiency, we can consider the
following example:

a is the creator of A

b is the creator of B

The statement “A supports B” is insufficient unless we know who is making the
statement because we may trust the first scenario more than the last two:

a says that A supports B

b says that A supports B

c says that A supports B

Therefore it can be established that that at least as far as an Information Fragment
Association solution is concerned typed links are only part of the answer. It is important to be
able to have a structure allowing for these descriptive attributes to be attached to a link between
two Information Fragments. In order to provide a good Information Fragment Association
solution it is necessary to give users the capability of attaching descriptive attributes but not
require it. Complexity may be perceived by users as an impediment therefore, populating these
typed links with explicit attributes needs to be promoted with a simple interface which would
encourage users to select some terms describing the nature of these Information Fragment
Associations. The one absolutely required attribute would be the creator. The above example

demonstrates its importance and in a solution in which Identity tracking is an integrated
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component this issue is easily and seamlessly being addressed. It is unclear whether Trigg’s
framework had a provision for identifying the creator. The concept, however, has appeared
prominently in Neto, Pimentel and Truong’s work[27].

According to Trigg[22], typed links are explicit relationships between two nodes. The
function of a typed link is not to provide the information per se but rather, as Kopac[28] says
“what the link should be doing is telling us how the content of the destination node (modifying
information) is intended to alter our understanding or interpretation of the source node (the
object information).” The lack of typed links on the web has been bemoaned ever since it started
gaining popularity[29]. Typed links were envisioned and well-articulated within the Hypertext
community[26], but were never successfully applied broadly to web applications. As a
consequence of the lack of typed links, the vast majority of web resources provide no
qualification for the linked site. Annotation and Typed links provide an additional dimension to
information retrieval. An information entity has several attributes or associations with other
entities such as individuals or other information entities. A traditional information entity has
basic associations such as its association with its creator and its “description”, an example being
the Dublin Core basic elements. Typed links can only be useful if there is a certain formality in
their use, i.e. using consistent labels. This is why a successful implementation involving end-

users has to contain only a very limited number of link types.

2.3.4 Versioning

“Version” is a broad term used in everyday life in a variety of contexts and bears a variety of
connotations. For this reason Conardi and Westfechtel [30] divide versions into three types,
depending on the intention of its use. They call revision a version intended to supersede its
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predecessor, variant a version intended to coexist with other versions, and workspace a version
belonging to a set of versions maintained to support collaboration. Whitehead [31] goes further
to distinguish between a variant, a rendition and an alternate version. He defines a variant as “a
snapshot of an instant in the evolution of a work or entity, whose differences from other
snapshots can be precisely specified, or parameterized, in a form other than a delta” and a
rendition as a mechanically derivable variant, such as the PDF version of a Word document. As
an alternate version he defines a variant that is “sufficiently different from other instances of a
work or entity that causes it to have ... a change in identity”. He provides several useful
examples elucidating these sometimes misunderstood terms.

In spite of the fact that these terms are often used loosely and sometimes interchangeably,
the concept of a version and specifically the concept of a revision, which is what we are mainly
interested here, is rather simple and easily understood. However, the processes and techniques
involved in maintaining versions can be fairly complex and the various existing version models
differ substantially. According to Conardi and Westfechtel [30], a “version model defines the
items to be versioned, the common properties shared by all versions of an item, and the deltas,
that is the differences between them”. They go on to define a version as a representation of a
state of an evolving item. The item possesses some unchanged properties that are common in all
versions of the item. These properties are called “invariants”, and at the minimum they include a
unique identifier for the item, called OID. Each version is seen as having a unique version
identifier, called VID. Conardi and Westfechtel then define a versioned item as a container for a
set V of versions and they distinguish two types of versioning, extensional versioning and
intensional versioning. Extensional versioning defines the version set VV by enumerating its

members: V = {vy, ... vo}while intensional versioning employs a predicate to define the version
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set: V = {v|c(v)} where c are the constraints that must be satisfied by all members of V. In
intensional versioning, versions are constructed as a result of a condition, such as a specific
query for some required attributes.

Extensional versioning is more often called state-based versioning and intensional
versioning is called task-based or change-based versioning. Haake and Hicks [32] draw the
attention to the fact that the basic state-based versioning approach does not allow for tracking
coordinated sets of changes. They present the example of a bug-fix in a software development
project. The fix may involve changes in several files, yet it constitutes a single change. The
advantage of task-based versioning is in its ability to keep information regarding any existing
complex relationships between distinct files, thus becoming very suitable for a hypermedia

environments, as Vitali [33] points out.

2.3.5 Dexter Hypertext Reference Model

During the halcyon days of hypertext system development in the 1980s, developers came to a
realization that it was necessary to establish a common ground for all of these hypertext systems.
The goals and functionality of these systems were within the same realm, but the techniques and
terminology they were using were different. In an effort to create a common reference model to
help both with the comparison of the various functionalities offered by these systems and the
establishment of an interoperability platform, several developers put together the Dexter
Hypertext Reference Model[26] in 1998.

The Dexter Hypertext Reference Model represents the first comprehensive attempt to
standardize Information Fragment Association functionality. It was successful in providing a set
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of common syntax and semantics for expressing Information Fragment Associations which it
called “Span-to-span” links. The Model recognized that such functionality depends “on a
mechanism specifying substructure within components”. Information Fragments are represented
in the Model by Anchors. An Anchor contains both the information needed to retrieve the
Information Fragment and a unique identifier for it. A link simply associated two anchor IDs.
Even though this Model is based on Open Hypermedia Systems some of which predate the web,
and itself predated the significant advances of Web Services of the last few years, it lays the
foundation for future frameworks evolving around Information Fragment Associations.

One of the goals of the Dexter Hypertext Reference Model was to resolve terminology
conflicts. For this reason it uses the term component to describe the model abstraction containing
data. Every component has a unique identifier. The model defines three layers for a hypertext

system, shown in Figure 6; the run-time layer, the storage layer and the within-component layer.
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Figure 6 - The Three Layers of the Dexter Model as Embedded in an Actual System?

The node/link structure is defined for and stored in the storage layer. It defines the structure of

the links but not the content or format of the components. The within-component layer defines

% From [26] F. Halasz and M. Schwartz, "The Dexter hypertext reference model," Communications of
the ACM, vol. 37, pp. 30 - 39, 1994. http://doi.acm.org/10.1145/175235.175237.
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the structure within the components. The model does not define any of these particular structures
leaving them to the individual system design or to other more specific models. The run-time
component uses information encoded in the links for the presentation of the content. The model
defines three terms involved in the linking process, the link, the anchor and the specifier. The
function of these terms and the relationship between them is demonstrated in Figure 7. Individual

functions were defined each one of them conceptually handling a specific functionality of a

hypertext system.
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Figure 7 - The Dexter Storage Layer3

The Dexter Hypertext Reference Model did not offer a specific solution but it provided a
way of referring to the feature sets of different systems. None of the systems of its time
supported all of the functionality specified in the model, but it offered a way of determining the

strength of a system by the number and kind of Dexter functionalities it supported.

® From [26] Ibid.
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2.3.6 Open Hypermedia Protocol and the OHSWG Unified Data Model

The Open Hypermedia Protocol[34] is the product of the work of the Open Hypermedia Systems
Working Group (OHSWG). This group was formed in 1995 to address issues of interoperability
between OHSs. It met for several years during the International Workshop on Open Hypermedia
Systems. The framework was designed to support navigational hypertext, spatial hypertext,
taxonomic hypertext, hypertext by transclusion as embodied by Xanadu[5] etc.

The Open Hypermedia Protocol as originally designed was defining interoperability
between hypermedia services and client applications. It was soon realized, however, that this was
not sufficient to achieve real-life interoperability. Therefore, what was originally defined as the
Open Hypermedia Protocol was called the Content Handler Interface (CHI), and a new interface
was added to the mix called Hypermedia Database Interface (HDBI). The function of HDBI is to
enable interoperability between hypermedia services and hypermedia databases. The two

interfaces together are shown in Figure 8.
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Figure 8 - The OHSWG Unified Data Model*

OHSWG put together a detailed data model. One of the key elements of this model is
HMODbject which corresponds to the component in the Dexter Hypertext Reference Model, but it
is wider in scope. Subclasses of HMObjects are Context, Link, Endpoint, Anchor, Node,
Computation and PSpec.

OHSWG carried the concepts of the Dexter Hypertext Reference Model into a web-aware
environment. In spite of its complexity, it is a good model and it still maintains its support for
Information Fragment Association. It simply adds an additional abstraction to the mix by
introducing EndPoint, which consists of an Anchor identifier and a Link identifier. There is only
one Anchor and only one Link in an EndPoint, but the same Link and same Anchor may appear

in multiple EndPoints.

* From [34] S. Reich, U. K. Wiil, P. J. Nuernberg, H. C. Davis, K. Groenbaek, K. M. Anderson, D. E.
Millard, J. M. Haake, and K. Groenbaek, "Addressing Interoperability in Open Hypermedia: the Design of the Open
Hypermedia Protocol,” The New Review of Hypermedia and Multimedia vol. 5, pp. pp. 207-248, 2000.
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2.3.7 Spatial Hypertext

Spatial hypertext[35, 36] differs from navigational hypertext in that it does not use explicit links
to express content relationships. Instead, it uses maps of content structure. As Cathy Marshall
puts it "spatial hypertext is ... a way to take advantage of human perceptual abilities in hypertext
navigation and to provide users with a fairly intuitive medium through which they may express

new structures and manipulate existing structures”.
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Figure 9 - Collections at Different Stages of Organization5

One of the most important characteristics of spatial hypertext is that its structure can be
implicit and informal. Structure can start being built in the mind of the user as the user attempts
to make sense of content by moving symbols around in a manner similar to the way users handle
pieces of paper containing related information.

Spatial hypertext tools allow users to move content around and record the action, thus

providing their interpretations of the information they consume. In a system like VIKI

® From [36] C. C. Marshall and I. Frank M. Shipman, "Spatial hypertext: designing for change,"
Communications of the ACM, vol. 38, pp. 88 - 97, 1995. http://doi.acm.org/10.1145/208344.208350.
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collections can be organized by the user. Figure 9 shows five collections, some of which are
more organized than the others.

When it comes to Information Fragment Association, Spatial Hypertext presents a unique
way for its construction. Information Fragments can be associated together with visual
techniques such as position and color. For some users this may be a preferable and more
productive way of establishing Information Fragment Associations. As long as the visual
representations can be formalized and saved using common schemata in a common registry,
spatial Information Fragment Association tools can co-exist with more traditional Information
Fragment Association tools. The flip side of this can be conceived for browsing purposes.
Information Fragment Associations created with traditional tools would potentially be browsed
using spatial tools, as long as the spatial tools know how to represent every possible type of

relationship.

2.4 SYSTEMS SUPPORTING INFORMATION FRAGMENT ASSOCIATION

The term “Registry” has been used loosely over the years, but in general most would agree that a
Registry is a mission-specific compilation of information aimed primarily at providing a
consistent central reference for the purpose of enhancing some functionality usually contained
outside the Registry. A Registry is mission-specific in the sense that it has to accommodate the
specific needs it has been compiled to meet. Even the most universal registry of everything
known to mankind would probably not help a small hardware store owner locate items on the

store’s shelves.
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Registries are often part of larger systems, usually systems providing some kind of
service (with the term “system” used in a sense broader than that of an information system).
They can be either absolutely essential to that system or essential to just one piece of
functionality within the system. When a student registers for a course, most of the information
regarding the course and the student’s progress is registered in a registry, but the classes take
place outside the registry. In this particular case, the registry is very important but not absolutely
essential. An unregistered student auditing a course would still benefit equally from the course as
a registered student. The lack of a registry entry would simply deprive the student from receiving
academic credit. Other registries however, are tightly woven into a system and the system cannot
function without them. An example of such a registry is the one used by the Windows operating
system.

Open Hypermedia Systems[37] are systems designed to operate between application
interfaces and the resources that these applications are utilizing. The intermediate nature of these
systems allows for the creation of external links establishing relationships between resources
without having to alter these resources. Some of them were too ambitious to be successful, a fact
which served as a valuable lesson during the undertaking and design of this project.

A variety of different approaches and applications of the principles of OHS have been
introduced. Systems like HyperDisco[38] and Microcosm[39] support the integration of a variety
of distinct third-party applications.

Some of these systems are being presented here. They are by no means the only ones, but

they are representative of their respective categories.
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2.4.1 Traditional Open Hypermedia Systems

2.4.1.1 Microcosm

Microcosm was an open hypertext system developed at the University of Southampton[40]. It
consisted of several viewers, each one supporting a different information format. Microcosm
could use any viewer, as long as it was capable of incorporating a menu for follow-link,
compute-link, start-link, and end-link, sending the user selection to Microcosm and allowing the
user to specify the buttons (anchors) for the links.

The viewers, as Figure 10 demonstrates, would interact with Microcosm which would
send messages through several filters. A filter could respond to messages, pass them on or block
them. The most important filters were the linkbases which responded by finding the link
information. There was no internal markup of documents in Microcosm. Links resided in
external linkbases, and the viewers communicated with the linkbases to find and display the

links.
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Figure 10 - Microcosm®

There were different kinds of links in Microcosm[41]:
e Specific Links - from a particular object at a specific point in a source document
to a particular object in a destination document.
e Local Links - from a particular object at any point in a specific document to a
particular object in a destination document.
e Generic Links - from a particular object at any position in any document to a
particular object in a destination document.
Microcosm also supported Computed Links, which were essentially links generated by
various types of queries and not manually created by an individual.
Microcosm’s Generic Links make indiscriminate navigation inevitable by enabling a
situation such as the one described by Fountain[42] in which if a generic link to a word has been

created, any new document containing that word would contain that link as well. The generic

® From [41] H. Davis, W. Hall, I. Heath, G. Hill, and R. Wilkins, "Towards an integrated information
environment with open hypermedia systems,” in Proceedings of the ACM conference on Hypertext Milan, Italy:
ACM Press, 1992. http://doi.acm.org/10.1145/168466.168522.
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link approach arbitrarily interjects links within contexts which may very well be completely
unrelated.

Information Fragment Association as conceived of in this Study aims at enriching the
information universe with unique relationships between Information Fragments. The goal of
these relationships is both to augment the content of the Information Fragments and to qualify
them, thus maintaining precision as it improves recall. In other words, Information Fragment
Associations are not conceived as instruments of indiscriminate navigation. The approach taken
by this Study makes multiple associations to an Information Fragment possible, but it ensures

that each association is made by users with conscious deliberation.

2.4.1.2 DeVise Hypermedia (DHM)

DeVise Hypermedia[43] was a system developed by Kaj Grgnbak and Randall Trigg as an
application of the Dexter Hypertext Reference Model. It also added functionality to the Model as
it provided support for long-term transactions, locking and event notification. Event notification
is one of the features envisioned by Halasz[10]. It involves the ability of users to subscribe to a
feature allowing them to be notified of events (such as changes to a document) occurring and
involving shared content. Object access and locking is an indispensible feature that had to be
emphasized in these early systems and it was well handled by DHM using the LocSpec
parameter. The system was introduced around the time the Web had just started becoming
popular. A few years later, with the Web browsers maturing with the introduction of Java applet
and ActiveX capabilities, DHM was adapted for the Web[44]. This web adaptation of DHM
inserts external links to a web page by feeding an applet with LocSpec information[45]. Figure
11 shows an example of link information as it is passed to the applet the function of which is to

apply the link to the page. This particular example shows two links. This information consists of
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the URL of the document, the text to be selected, the context of this text, the position of the

selected text, the offset of the selected text and the last modification date of the document.

(1,2, ("http://www.authors.jp/oe.html""Ce""Eenzaburo
DE L rr'?cl L rrz L
"8E50650404™), ("'http://vwww.daimi.aau.dk/Japan.html"Ke
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Miyvamoto are my""230" "12""852100133™))

Figure 81
A response generated by FollowLinlk

Figure 11 - DHM FollowLink Response with LocSpec’

The very structure of DHM’s links points to the fact that its main concern is the ability to
apply links externally. This structure does not preclude the association of sizable Information
Fragments, but it is not very suitable for them. The current approach strives to put more

emphasis on the content of Information Fragments.

2.4.1.3 Chimera

Chimera was an open hypermedia system developed at the University of California, Irvine, with
an emphasis on the modeling of heterogeneous software engineering environments. It is a client-
server system with the server providing external link capabilities to the clients. Multiple users on
different machines could access a hyperweb from a dynamically changing set of viewers.
Hypertext events propagate from the one viewer to the other via the server. Client applications
could be written in any language accessing the server with the particular API provided for that

language.

" From [45] K. Grgnbak and R. H. Trigg, From Web to Workplace : Designing Open Hypermedia
Systems. Cambridge, Mass.: MIT Press, 1999.
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Since Chimera is geared to support software development environments it incorporates
several Concepts (Figure 12) into which tools can map. These concepts are Objects, Viewers,
Views, Anchors, Links, Attribute-Value Pairs and Hyperwebs. Objects are named, persistent
entities whose internal structure is unknown and irrelevant to Chimera. Viewers are named active
entities that display objects. Views denote a pair (v,0) where v is a viewer for an object. Anchors
are portions of a view defined as items of interest. A Link is a set of anchors. Links relate

portions of views.
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Figure 12 - Chimera Concept Example. Chimera's hypertext concepts are shown on the left. Two viewers are
combined with one object to produce two distinct views. An anchor is added to each view and then
combined in one link. On the right, an example hyperweb presents a data file (stored as a file in the operating
system) being displayed by two different viewers. One viewer displays the data as a spreadsheet, creating a
spreadsheet view of the data file. The other viewer displays the data as a chart, creating a chart view of the
same data. The two distinct anchors are indicated by a black box in the spreadsheet, and a black underline in
the chart. The anchors are stored in the Chimera database, not in the data file. The two anchors are members
of the link. Attribute-value pairs are not indicated to avoid visual clutter. The Chimera architecture consisted
of the Chimera Server, Clients, Process Invoker and External tools.®

® From [46] K. M. Anderson, R. N. Taylor, and J. E. James Whitehead, "Chimera: hypertext for
heterogeneous software environments,” in Proceedings of the 1994 ACM European conference on Hypermedia
technology Edinburgh, Scotland: ACM Press, 1994.
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Links can link to other links. An Attribute-Value Pair consists of two associated strings
where one string contains the attribute’s name, the other its value, providing run-time semantics,
such as the creator etc. A Hyperweb is a collection of objects, viewers, views, anchors, and links
along with their attributes.

Chimera’s architecture, as shown in Figure 13 consists of the Chimera Server, the
Process Invoker and the Chimera Client. The Chimera Server was designed to ensure the
persistence of a hyperweb by storing the hypertext Concepts and to receive, route, and generate
hypertext events. The Process Invoker was designed to be used whenever a hypertext event had
to be sent to a viewer which was not running at that moment. The Chimera Server would send
the Process Invoker the information about the specific viewer and the Process Invoker would
launch it. The Chimera Client encompassed the various clients used. Chimera also supported the

use of any External Systems the Viewers were using.
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Figure 13 - Chimera's Architecture®

° From [46] Ibid.
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In 1997 Chimera was reconfigured to work with the Web. While many systems prior to
the domination of the WWW were at the time in the process of attempting to be integrated into
the WWW, Kenneth Anderson argued for taking the integration into another direction i.e.,
integrating the WWW into an Open Hypermedia System[47]. The approach used the Chimera
Presence CGI script and involved changing the reference in the anchors of the links in a retrieved
web page and inserting an applet tag at the end of a page (see Figure 14). The applet was
downloaded into the web browser and interacted with the hyparweb manager and the client

Server.

Bafore:

<HTML><HEAD><TITLE=Example Orhe< /TITLE=< /HEAD>
cpODY¥»FPlease visit the <A HEEF="http://www.lcs.ucl.edu/pub/chimeras"=Chimera welkb page</A».
= fRODYe< HTML>

After:

<HTHL><HEAD><TITLE>Example One</TITLE=«</HEAD=

<BODY>Please visit the <A HREF= "http://www.some. domain/chimera/chimeraPresence?http://
www . ios.ueli, eda/pub/chimeras =

Chimera web page</h>,

<applet CODE="presence.class” CODEBASE="/applets/presence” WIDTH=500 HEIGHT=250>

<param names"page” valus="http: /S wew. 1cs. ucl . edu/pubfchimeras >

<pAram name="user”® value="kandersc">»

The Chimera Presence Applet</applet=

< fBODY >« FHTML>

Figure 14 - The Chimera Presence ScriptlO

Chimera focuses on the presentation of Information Fragments through different viewers
and less on their association. Moreover, in spite of the obvious benefits of Chimera’s approach
involving multiple presentations of an Information Fragment by multiple viewers, the current
approach defines different presentations as different Information Fragments. The formatting of
an Information Entity and the presentation of the context within which an Information Fragment

occurs is sometimes crucial to its interpretation.

% From [47] K. M. Anderson, "Integrating open hypermedia systems with the World Wide Web," in
Proceedings of the eighth ACM conference on Hypertext Southampton, United Kingdom: ACM Press, 1997.
http://doi.acm.org/10.1145/267437.267454.
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2.4.1.4 HyperDisco

HyperDisco is an open hypermedia system designed to integrate and extend other tools. It
provides a very flexible model for integration, allowing each tool to select which hypermedia
services to use. HyperDisco has two layers of hypermedia functionality, the integration model
and the data model (see Figure 15). Both of these models have some build in classes. The
integration model layer has basic linking services (anchors and links). The data model layer has
basic hypermedia storage services for hypermedia objects, such as nodes, composites, links and
anchors. The tool intergators reside in the in the integration model layer and the hyperbase
management systems (HBMS) reside in the data model layer. This example demonstrates
HyperDisco’s ability to handle diverse tools performing diverse functions through these

integrators which interact with the data stored in the hyperbase management system.

Tool Tool Tool Tool Tool
| ] | ] |
Tool integrator Tool integrator
| I
I I I
HBMS HBEMS HBMS

Figure 15 - The HyperDisco Architecture™

2.4.1.5 Hyper-G and HyperWave
Hyper-G[48] provides an excellent example of the power of a well-designed scalable

infrastructure accompanying the content of the World Wide Web and making up for some of its

" From [38] U. K. Wiil and J. J. Leggett, "The HyperDisco approach to open hypermedia systems," in
Proceedings of the the seventh ACM conference on Hypertext, Bethesda, Maryland, United States, 1996, pp. 140-
148. http://doi.acm.org/10.1145/234828.234842.
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inadequacies. Hyper-G was developed at the Gratz University of Technology in Austria.
Concepts such as the use of replication for scalability purposes and the ability to link to a
destination anchor within another document are powerful contributions of this system which was
perhaps ahead of its time. Hyper-G also provides support for multiple protocols and languages.
Documents can be arranged in collections which themselves may belong to other collections and
they can reside on different Hyper-G servers. A collection presents as a single unit physically
disparate resources.

A Hyper-G server responds to HTTP requests and through CGI it returns pages with
some functionality such as Menus, Collections and attributes added to them. One of the menu
items is search, which brings up a page allowing the user to submit a search request that could be
scoped to the current collection or subcollections.

Hyper-G eventually evolved into a commercial document management product called
HyperWave[49]. HyperWave uses an interesting approach[50]. It stores the documents and the
links separately. When a document is inserted into the database, the hyperlinks embedded in the
document are removed from the document and stored as individual objects. The object record
contains all of the information necessary for describing and recreating the link. When the
document is retrieved, it is retrieved as a plain document and the hyperlinks are added to it from
the object records.

One of Hyper-G’s main features is its support and integration of different protocols, such
as HTTP, Gopher FTP etc. This specific functionality is obviously outdated today, both because
some of these protocols are no longer in use, and because interoperability can be accomplished
with Web Services using HTTP in conjunction with any other protocol that may be used in a

given application. However, it presents a model for heterogeneity which can be emulated in the
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continuing struggle for bridging the various data formats available today. Hyper-G does not seem
to handle Information Fragment Association very well. The approach used in this dissertation

tackles this issue much better, but as it evolves in the future it can benefit from Hyper-G’s vision.

2.4.1.6 Distributed Link Service (DLS)
Distributed Link Service (DLS)[51] evolved out of the Microcosm hypertext system and it
attempted to extend the functionality of World Wide Web links.

The client is designed as a set of menus on the top of any application used as a document
viewer. It allowed the user to select a section of the viewed document by submitting a request to
the server (see Figure 16), and it is able to get a listing of the links available for that section (see
Figure 17).

The server component is a pseudo-server which acts like an ordinary web server
interacting with the web browser. The difference is that it does not store any documents. It
allows for creating and editing links which are stored in several link databases. These databases
keep information such as the source and destination attributes of the link, the type of the link, its
creation time and a link description.

DLS provides the capability of passing queries from a proxy server to a link server and
then to another link server if necessary (see Figure 18). Linkbase data could also be downloaded

and cached instead of being visited every time.
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Figure 16 - DLS - A user Requests a Link from the Link Service Using the Client Interface™
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Figure 17 - DLS - The Link Service Responds with a List of Available Destinations®®

It is unclear whether the links in DLS are bi-directional. Their schema calls for source
and destination. Since the information is stored in the Linkbase, reverse navigation may still be
possible, but the labeling is problematic. Information Fragment Associations involve implicit
directionality in the case in which the author of the association is one of the authors of the two

associated Information Fragments, however, in other cases they are purely bi-directional. The

2 From [51] L. A. Carr, D. De Roure, W. Hall, and G. Hill, "Implementing an open link service for
the World Wide Web," World Wide Web, vol. 1, pp. 61-71, 1998. http://dx.doi.org/10.1023/A:1019251328413
B From [51] Ibid.
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approach used in this dissertation ensures that directionality is far less important than the
semantics used in the typing of the relationship. For example, the type “supports” implies a

direction.
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Figure 18 - DLS Network Model™

2.4.1.7 Webvise

Webvise[52] is an open hypermedia system developed at the University of Aarhus in Denmark,
which provides external linking and other external extension capabilities to standard web pages
and other documents. It is based on DeVise Hypermedia (DHM) framework[44] designed by Kaj
Grenbaek and Randall Trigg[53]. It provides support for standalone client applications as well as
for extensions to other applications such as Internet Explorer, Word and Excel. Webvise
introduces the notion of a global link which unlike an ordinary anchored link (embedded link) is
created externally. These global links are created within the displayed body of the client

application by highlighting the passage to be linked to and right-clicking, as shown in Figure 19.

Y From [51] Ibid.
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After creation, the links are available in the document though automatic insertion of
HTML tags through manipulation of the DOM[54]. This is achieved by accessing the given
document through a proxy. When the browser is set to go through the proxy, the HTML pages
called are altered to contain the links from the structure server. The changes to the HTML
involved the addition of HTML anchor tags "<A>" as well as JavaScript code generating popup
windows displaying the nodes created with the Webvise client. The Webvise client, which
features a separate interface consisting of a node browser provides the capability of creating
guided tours, the composite nodes containing other nodes and the graph connecting them.

Figure 20 shows the architecture of the Webvise Open Hypermedia Service. The
Webvise client plays a key role in the communication between the end-user application, which
can be a web browser, Word or Excel and the various Structure Servers. The communication
between the Webvise client and the Structure Servers is achieved through an XML

implementation of the Open Hypermedia Protocol specification (2.3.6).
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Figure 19 - Webvise - Microsoft Internet Explorer extended with open hypermedia services™

% From [52] K. Grenbak, L. Sloth, and P. @rbak, "Webvise: browser and proxy support for open
hypermedia structuring mechanisms on the World Wide Web," in Proceeding of the eighth international conference
on World Wide Web Toronto, Canada: Elsevier North-Holland, Inc., 1999.
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Figure 20 - The Architecture of the Webvise Open Hypermedia Service®®

Webvise provides valuable functionality which can be used for establishing Information
Fragment Associations. Just like most other tools, however, it does not handle fragments very
well. It is more geared toward creating external equivalents of web links. An entire fragment
placed within an HTML anchor element would look awkward at best. The current approach
focuses on Information Fragments and employs side-by-side displays to make the association

creation a productive experience.

2.4.1.8 Arakne
Just like Webvise (Section 2.4.1.7), Arakne[55] is a collaborative component-based system
based on the Open Hypermedia Protocol (Section 2.3.6). It was developed by Nils Bouvin at the

University of Aarhus in Denmark. Originally, unlike DLS (Section 2.4.1.6), Arakne would

18 From [52] Ibid.
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modify a web page after the page is retrieved. This involved the modification of links. Later,
instead of handling this locally Arakne was configured to interact with DHMProxy and at that
point all link decoration was handled through that proxy (see Section 2.4.1.2 above). Its
functionality involves detecting a web page or other file that the document display interface (i.e.
the web browser) displays, retrieving the pertinent information from the server and modifying
the web page by adding LocSpec information retrieved from the proxy (the Decorator) (see
Figure 21). In a fashion similar to that of Webvise, Arakne accesses the Internet Explorer COM
component and obtains access to the DOM object of the page. This and other activities are

handled by the Render Engine a DLL interacting with the Java interface.
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Figure 21 — Arakne®’

Arakne also supports fluid annotations[56]. A fluid annotation is an animated annotation

attached to the page, which can be displayed or not displayed as desired. Fluid annotations do

7 From [55] N. O. Bouvin, "Augmenting the web through open hypermedia,” The New Review of
Hypermedia and Multimedia, vol. 8, pp. 3-25, 2003.
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not change the formatting of the page and it does not hide any part of the page. A fluid
annotation consists of an anchor and a gloss. An anchor is the primary material, i.e. the content
originally found on the page to which the fluid annotation is applied. A gloss is the supporting
material, i.e. the content added to the web page and attached to a specific anchor. Figure 22

shows the CNN page with four fluid annotations.

CIW Editions:
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| CNN Sites <] May 18, 2001 -- Updated 04:56 p.m. EDT, 2056 GMT
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CAREER =
ToeRs leraal ncad finhtar iote tn hit Palactinian nalira
(r DI

Searching the El_.ll_)!!l_(?_ of a Palestinian security

Figure 22 - Arakne - Fluid Annotations on the CNN Page18

The anchors of these fluid annotations are “Weather”, “Sports”, “Entertainment” and
“rubble”. These anchors appear underlined with a dotted line. Each one of these anchors has a
gloss attached to it containing specific information or personal links to allow quick access to

custom information of interest. For example, under “Weather” which is an ordinary link on the

8 From [56] P. T. Zellweger, N. O. Bouvin, H. Jeh, and J. D. Mackinlay, "Fluid annotations in an
open world," in Proceedings of the twelfth ACM conference on Hypertext and Hypermedia Arhus, Denmark: ACM
Press, 2001. http://doi.acm.org/10.1145/504216.504224.
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CNN page, a gloss with three additional specific city weather links appears. Glosses can be open
or closed. In this example the “Sports” gloss is closed, whereas the “Weather” and
“Entertainment” glosses are open.

Arakne offers an interesting approach, but just like Webvise it does not handle
Information Fragments very well. It offers a very skillful and user-friendly insertion of links.
However the current approach offers the ability to deal with an Information Fragment’s content

and not merely treat it as an anchor.

2.4.2 RDF-based OHS Systems

2.4.2.1 Annotea

One of the best examples of an annotation system is Annotea [57, 58]. The system consists of
two components, the Annotation Server and Amaya, which is a web browser developed to
incorporate special features for annotation creation, editing and browsing. An add-in for
Mozilla/Firefox browser is also available called Ubimarks. The Annotation Server is an RDF[59]
database which stores metadata in addition to storing link information. XPointer[3] is used to
point to specific positions within the document being annotated. The body of the annotation is a
URI referenced resource editable through the Amaya browser. Annotea goes a long way towards
providing a means of linking to specific fragments within information entities. An example of

how Annotea bookmarks are created is shown in Figure 23.
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Figure 23 - Annotea - Properties of a Bookmark Presented in a Bookmark view®®

Unfortunately, Annotea does not readily allow the association of the Information
Fragments that it so elegantly defines. The association is between an Information Fragment and

an annotation residing within its database. The approach used in this dissertation provides full

Information Fragment Association capabilities.

2.4.2.2 WLS (Web Linking Service) and WebNote

WLS (Web Linking Service)[27] is an open hypermedia system which uses RDF[59] to store
and exchange information about hypertext structure. The WLS conceptual model (Figure 24)
defines the relationships between the several classes used by WLS. The Anchor class handles the

location within a document. That location is recorded in the expression property.

Y From [58]

M.-R. Koivunen, "Annotea shared bookmarks: Semantic Web at your fingertips,"” in

International Semantic Web Conference, Hiroshima, Japan, 2004.
http://www.annotea.org/ISWC2004/annoteademo.html.
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Figure 24 - WLS Conceptual Model®

An Anchor may have many EndPoints. The EndPoint class handles the direction of a
link. The Link class handles the associations between the EndPoints. The URL property within
the NodeRef class points to documents on the Web.

The classes represented in this model are used by server-side scripts. The server is
accessible to client applications. When a link is created because a user selects a content section
in a client application, an Anchor is defined in XPointer[3] syntax and the code for that Anchor
along with the URL of the resource is passed on to the server in an XML message. The
information is saved in WLS's linkbase and the client application marks the content accordingly.

WebNote is a client application for WLS. This application uses the paradigm of folders
for organizing stored annotations. It offers several features, one of the most interesting of which

is the capability of linking one annotation to another annotation. As Figure 25 shows, a user can

2 From [27] R. B. Neto, C. A. lzeki, P. Maria da Graca, R. P. Fortes, and K. N. Truong, "An open
linking service supporting the authoring of web documents,” in Proceedings of the 2002 ACM symposium on
Document engineering, McLean, Virginia, USA, 2002, pp. 66-73. http://doi.acm.org/10.1145/585058.585071.
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initiate a linking operation from one annotation, browse the contents of another folder and select

another annotation to link to.

Current folder: RDF

Create annotation Delete annotation Move
Date Title

r ¢ @(=)2002-03-25 234342 What's RDF?

ré @ = % 2002-03-25 234703 Why to use RDE?

/R Links the annotati n to other annotation - Microsol

——| Current folder ‘Jhygermedmm =

#% What's OML?
#What's the difference between DTD and JML Schema?

Chosen annotation: "What 's 217"

-]
& [ [ [ [ meermet 4

Figure 25 - WebNote - Linking two Annotations®

It is unclear whether WLS allows direct association of two Information Fragments. It
allows the creation of annotations stored within the linking service. These annotations can be

linked, which means that an indirect association at least is possible. The approach used in this

dissertation allows for a more direct approach.

2.4.3 Web Services-based OHS Systems

2.4.3.1 Babylon

Babylon is a system supporting the integration of Open Hypermedia Services with Web Services.
It aims at providing a process for creating Web Services and mapping functions of hypermedia

services to operations of Web Services and vice versa.

2 From [27] Ibid.
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As Figure 26 shows, Babylon has three layers, the storage layer, the taxonomic
management layer and the client layer. The storage layer is where the structural and non-
structural information is stored and managed. The taxonomic management layer provides
taxonomic creation and manipulation services. The client layer contains the applications. Some

of these applications can have tree-structure providing tree service development capabilities.

: Client

Client Layer
Bookmark Document

Directory Management Client
Service Service

Babylon Tree Management

Figure 26 - Babylon Architecture®

This architecture is further enhanced with the incorporation of Web Services
functionality. Babylon’s OHS services can be exposed as web services as Figure 27
demonstrates. An interesting and innovative approach offered by Babylon is its introduction of
Hypermedia Service Description Language (HSDL) which is based on WSDL, the Web Services
Description Language[61, 62], which is a W3C Recommendation. HSDL provides service
seekers with the essential information needed for determining what an Open Hypermedia

System's has to offer in terms of functionality and how other systems can interact with it. It

%2 From [60] N. Karousos, I. Pandis, S. Reich, and M. Tzagarakis, "Offering open hypermedia services
to the WWW: a step-by-step approach for developers,” in Proceedings of the 12th international conference on
World Wide Web, Budapest, Hungary, 2003, pp. 482-489. http://doi.acm.org/10.1145/775152.775221.
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provides general service information, service interface information, service behavior information

and general service comments.
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Figure 27 - Babylon Web Service®

Part of the process is publishing the service on the UDDI[63] Registry so it can be easily
discovered and utilized by other systems.

Babylon is an invaluable system taking advantage of Web Services. Unfortunately, the
currently available literature does not provide many details regarding its internal functionality as
an individual open hypermedia system. The discussion concentrates on the discovery and
interoperability of open hypermedia systems and as such it provides unique insights into possible
new directions for open hypermedia systems. It is unclear, however, how it exactly handles
Information Fragment Association. The approach used in this dissertation provides a
comprehensive solution for Information Fragment Association and since this solution is Web
Services based, it can very well fit well within the larger service discovery organization offered

by Babylon.

% From [60] Ibid.
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2.4.4 XLink-based OHS Systems

2.4.4.1 XLinkProxy

XLinkProxy[4] is a system providing a hyperbase service built with the W3C standards XLink
and XPointer. XLinkProxy acts as an intermediary. When a document is requested from the web
XLinkProxy checks to see if links for this document exist in any of its linkbases. If it finds links,

it adds it to the document and returns it to the user with the links (Figure 28).

XlinkProxy

Request for Doc_A _ Request for Doc_A
User agent " % Doc_A-+link Origin server
(browser)

Yes
L
= Doc_A No mft)r\ = Doc_A
Doc_A? -
link database

Figure 28 - The Base Process of the XLinkProxy Server®

XLinkProxy supports multiple links for one single location on the document. A user can
right-click and navigate to any one of the available links. As Figure 29 shows, a user can add a
link by selecting text and adding it as the "current startpoint™ or the "current destination™. At that
point, the correct XPointer is calculated. The user has the capability of selecting the linkbase in

which the link is to be stored.

2 From [4] P. Ciancarini, F. Folli, D. Rossi, and F. Vitali, "XLinkProxy: external linkbases with
XLink,"” in 2002 ACM symposium on Document engineering, McLean, Virginia, USA, 2002, pp. 57 - 65.
http://doi.acm.org/10.1145/585058.585070.
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Figure 29 - XLinkProxy - Adding Links®®

XlinkProxy provides a sound technical solution that can handle Information Fragment
Association well. Unfortunately it does not go far beyond the mechanics of association

functionality to describe how the relationships between these Information Fragments can be

qualified and how these associations can be used to improve current practices.

2.4.5 Other Examples of Annotation Systems

Annotation systems are a type of open hypermedia systems whose primary, and often the only
goal is to provide annotation capabilities. They provide a good example of Open Hypermedia
Systems on which some of the characteristics of the Information Fragment are based. However,

just like in the case of Nelson’s Transclusion, these systems concentrate only on one aspect of

% From [4] Ibid.
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the Information Fragment. As implemented, most annotation systems are even more restrictive in
their nature than Transclusion. An annotation is an Information Fragment Association between
an Information Fragment and a comment. This comment is some sort of Information Fragment
but in most cases it does not reside within the content of another Information Entity. It is an
independent fragment composed by the same person who creates the Fragment Association for
the sole purpose of providing a commentary or some extension to the Information Entity being
commented. One can reasonably argue that a comment is not an Information Fragment but a
distinct Information Entity, albeit one dependent on another Information Entity. It does not have
a context of its own. Its only context is that of the Information Fragment with which it is
associated. An annotation is therefore a very specific subset of Information Fragment
Association.  Any work involving annotation can be very useful for this project, but it is
inadequate to address most of the fundamental requirements for a framework providing a
solution to the outlined problems.

The following are representative of the various types of annotation systems. All of them

exhibit weaknesses when it comes to Information Fragment Association.

2.4.5.1 CritLink

CritLink[64] is an annotation system that goes beyond merely providing annotation capabilities.
It provides a flexible linking model supporting bi-directional links. It is also designed to be used
with any web browser, which makes it more attractive for implementation purposes, and more
convenient to the user. CritLink distinguishes between coarse-grained links and fine-grained
links. The coarse grained links are the ordinary web links addressing an entire document. The

fine-grained links are those addressing specific fragments. The identification of the fragment is
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rather simplistic, depending on words on the text of the document, but this is sufficient to make
the system functional.

CritLink addresses the challenge of annotation and external links by providing a panel
with a secondary location space in which the user enters the desired URL. CritLink retrieves the
entered resource embedding annotation markers on the content (Figure 30).

At the bottom of a page displayed though CritLink, a list of items linking to this page is
generated and displayed (Figure 31). This list is generated as the result of a query to the CritLink
hyperlink database.

CritLink also provides notification capabilities. A user could register on a page and be

notified by e-mail every time a new annotation was made to this page.
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Figure 30 - CritLink Annotation®

% From [64] K.-P. Yee, "CritLink: Advanced Hyperlinks Enable Public Annotation on the Web," in
Computer Supported Cooperative Work (CSCW), New Orleans, Louisiana, USA, 2002. http://zesty.ca/crit/yee-crit-
cscw2002-demo.pdf.
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2.4.5.2 Annotation Engine

Annotation Engine?® is a simple annotation proxy written by Wendy Seltzer of the Berkman
Center for Internet & Society at the Harvard School of Law. It is inspired by CritLink (2.4.5.1)
and simulates some of its functionality. It is strictly a simple annotation system, however,
because it does not provide linking capabilities between resources. The annotations appear in a
frame on the left. By clicking on an annotation in this frame the page scrolls down to the position
of the annotation. When the content changes the annotations appear in the bottom as “orphaned

nodes”.

% From [64] Ibid.
% http://cyber.law.harvard.edu/projects/annotate. html
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Figure 32 - Annotation Engine®

2453 VIKI

VIKI is built as a Spatial Hypertext tool[65, 66] developed at Xerox PARC. It provides users
with visual and spatial capabilities for organizing information. Content segments are manipulated
as objects placed in hierarchically nested spaces. The data model used by VIKI has three types of
elements: objects, collections and composites. The Objects are the nodes containing content. The
Collections contain an arbitrary spatial arrangement of objects or other collections, forming a
hierarchy. The Composites are combinations of two or more objects or collections in a particular
visual configuration. VIKI handled visual and spatial relationships between objects. Examples of
these relationships can be seen in Figure 33. These examples demonstrate the idea behind the
development of this tool. Each spatial arrangement presents a set of relationships between

content fragments without explicitly defining these relationships.

% From http://cyber.law.harvard.edu/projects/annotate.html
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Figure 33 - VIKI Relationships®

One of the features provided by VIKI is that the user cannot choose to have the system

provide suggestions regarding the generation of collections or composites. This could save the

XLibris[67] uses a display similar to a paper document and it allows users to mark the displayed
document in a fashion similar to the user’s traditional interaction with paper documents. There is
a document viewer, a reader’s notebook and a margin links area allowing the create links to

related passages. In spite of its innovative approach and its unique, this system does not quite fit

with the vision of a large distributed linking environment.

% From [65]

C. C. Marshall, I. Frank M. Shipman, and J. H. Coombs, "VIKI: spatial hypertext
supporting emergent structure,” in 1994 ACM European conference on Hypermedia technology, Edinburgh,

Scotland, 1994, pp. 13 - 23. http://doi.acm.org/10.1145/192757.192759.

71




2.4.6 Commercial Annotation Systems

2.4.6.1 Third Voice

Third Voice is a commercial annotation system which had the distinction and misfortune of
being one the first web page annotation systems to find its way out of the Academic environment
into the wider public[68]. It provides the capability of attaching notes to web pages. This
operation is handled with a sidebar (Figure 35) added by a browser add-in installed on client
machines. Its introduction to the wider public created a controversy when web site providers
protested against its use as “defacing” their web pages[69]. They even created an organization to
fight it. Third Voice eventually went out of business for financial reasons and not because of the

opposition it faced. Its contribution was far less technological than social.
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Figure 34 - Third Voice Annotated Page™

* From [70] V. Wielbut, "Third Voice," Spotlight: Online Newsletter of the Alliance for Community
Technology, June 28, 1999 1999. http://www.communitytechnology.org/newsletter/no2.html#thirdvoice.
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2.4.6.2 Fleck, Stickis, Diigo, Trailfire

Several new annotation systems have recently appeared resurrecting the functionality of Third
Voice. They are trying to ride on the popularity of other social tools. Their functionality is very
similar. They are being mentioned here without much discussion of their functionality and their
differences in an effort to present a trend rather than discussing the details of potentially
ephemeral tools.

Fleck®® allows the addition of notes anywhere in the page. The note can be moved easily
around. It supports new trends such as blogs which were not available with Third Voice.
Stickis®* is another recent annotation system similar to Fleck. One of the differences between the
two tools is that Stickis has a browser toolbar that needs to be downloaded and installed, while
Fleck has the tool appear within the page. This downloadable toolbar has some significant
advantages. A user can sign in and open the toolbar, and every time s/he visits a page, a list of

annotations available for that page appears in the toolbar. The user can then select an annotation

%2 From [70] Ibid.
% http://fleck.com/
* http://www.stickis.com/
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in the toolbar and display it in the page (see Figure 37). Trailfire* has an interesting feature
allowing a user to group an annotation s/he is creating with other existing annotations. This
grouping creates a trail which can be followed using arrow buttons which appear in a toolbar and
in the annotation box (see Figure 38). This allows the user to navigate from one page to the other
and at the same way see the annotations about each one of those pages. Diigo® is by far the most
advanced of these tools, combining the power of social bookmarking tools with that of
annotation and blogging tools. It allows the user to highlight multiple Information Fragments,
clip them to the social bookmarking tools and append popup annotations for them (see Figure

39).

once theyre vacated.

Al-Maliki expressed confidence in the security plan, which will be supported by U.8
forces, and repeated the operation will deal with all outlaws in the same manner,
regardless of their affiliation

Some observers have predicted that followers of Shiite cleric Mugtada al-Sadr and his
Mehdi Army militia would be overlooked in the security crackdown. The al-Sadr
movement has backed al-Maliki, but his militia has been blamed for much of the
sectarian violence in Iraq.

Other developments

« Five people were killed Monday in attacks in Irag’s restive Diyala province, police
told CHN. Four people were killed in a car bombing in Mandali, near the Iranian
border. And in Mugdadiya, one person was killed and two were wounded when
gunmen attacked a civilian car.

® The Iragi High Tribunal on Monday sentenced former Iragi vice president Taha
Yassin Ramadan to death by hanging in the Dujail case, according to a source close
to the proceeding. Ramadan originally had been sentenced to life in prison in the case
butthe tribunal's appeals chamber said the original sentence was too lenient and
ordered the courtto resentence him. In 1982, 148 men and boys were killed in Dujail,
Irag, after an assassination attempt on Saddam Hussein. (Eull storv)

« Callingthem "all lies,” an Iranian Embassy official Monday denied U.S. allegations
that an elite Iranian force under the command of Iran's supreme leader is behind
bombings that have killed coalition forces in Iraq. (Eull story)
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2.5 WEB SEARCHING

Both the relevance and the quality of the results retrieved by search engines have improved
dramatically over the last few years. Algorithms available today have proven to produce fairly
reliable results, at least in comparison with early search engine results. The “in-degree” approach
has been the simplest one used. It ranks pages higher simply by considering the number of links
coming in to them. Page and Brin’s PageRank[71], the algorithm used by Google considers the
pages which link to a given page and how they rank in terms of importance. If a given page has
links from pages considered to be of high quality, it receives a higher PageRank. Relevance is
achieved through sophisticated text queries. The combination of relevant results with what is
considered to be of higher quality results produces what made Google the number one search

engine today. Kleinberg’s[72] algorithm determines which pages can be considered “authorities”

“0 From http://www.diigo.com/
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and which pages can be considered “hubs”. He explains that “Hubs and authorities exhibit what
could be called a mutually reinforcing relationship: a good hub is a page that points to many
good authorities; a good authority is a page that is pointed to by many good hubs”. Kleinberg’s
techniques are further enhanced by Chakrabarti et al.[73] who introduce a weighted approach by
assigning to each link a positive numerical weight. This weight increases with the amount of text
around the link matching the searched topic.

These algorithms and techniques go a long way towards improving information retrieval.
However, their scope is not to help produce more manageable information resources. They do
the best with what is available to them, i.e. a vast number of interlinked pages. Search engine
providers, with the exception of enhancement products such as Google Sitemaps[74], tend to
focus on retrieving the information once it has been generated. This being their primary concern,
they do attempt to take full advantage of every other format capable of providing them with more
information, or information structured in a more manageable format. A very good example of
this is the handling of RSS-based news feeds (a grassroots XML specification). Google’s
“Google News”[75], Yahoo’s “Yahoo News”[31] and especially MSN’s “NewsBot”[76], based
on the work of Microsoft Research and RSS feeds pioneer Moreover Technologies have taken
full advantage of the immense popularity of RSS news feeds. Microsoft Research’s NewsJunkie
project[77] introduced a system which among its several features has the capability of
considering the news stories already reviewed by a user in order to determine the novelty of
stories. Other approaches include the use of time-aware ranking algorithms [78]. A lot of these
projects may appear interesting only as product improvements or academic exercises, but the

application of this research can have enormous economic, social and political significance.
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Just like in the examples mentioned above, the use of Information Fragment Association
has the potential of being a major contributor to the improvement of ranking. It is conceivable to
see the emergence of algorithms similar to that of Chakrabarti’s mentioned above, which take
advantage of these fragment association as they have been explicitly defined by users. Taking
user-defined fragments into consideration would obviate the need of arbitrary selection of text
surrounding a link, thus concentration on the fragment the user considers to be semantically

important.

2.6 SOCIAL BOOKMARKING

Since the introduction of Internet browsers, the creation of bookmarks pointing to resources of
interest has been one of the most favorite practices among users. We have since witnessed the
evolution of bookmarking from a private practice of listing useful resources to a publicly shared
activity. Social Bookmarking is an internet practice which has proven to be very successful and
popular. The premier social bookmarking service, del.icio.us, has found broad acceptance among
the Internet users, attracting more than just the usual enthusiasts. Evidence of this popularity is
its financial success which led to its purchase by Yahoo, one of the premier internet portal
providers. Social Bookmarking has extended the already popular practice of bookmarking to
allow for sharing bookmarks and for assigning multiple tags to them which allows for a better
categorization arrangement than the single-category hierarchical arrangement offered by web
browsers.

The fact that a tool supporting Information Fragment Association provides the capability

of creating entries about a specific URI, providing metadata information about this URI and
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sharing this entry with others may prompt its consideration as a Social Bookmarking system. A
closer look, however, will reveal several fundamental differences alongside with the few

similarities. Table 1 outlines some of the central features of the main Social Bookmarking

systems and compares them to possible Information Fragment Association tools.
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©®

10.

A = Academic

G = General
However, it allows uploading of PDF files
No ranking, but it provides “priority” choices
No ranking, but it allows marking as explicit or not
No ranking, but it allows marking as “Top Favorite” or not
No explicit ranking of fragments themselves, but it allows for indirect ranking through its
association with ranked ldentities
It allows only restriction of Notes as Private
PPL = Public, Private and Limited
PP = Public and Private
Table 1 - Comparison of Social Bookmarking Systems

The comparison does not cover every piece of functionality offered by these systems. It

focuses on functionality having some relevance to the issues of interest to this work. What this
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comparison reveals is that there is some common ground between tools supporting Information
Fragment Association and Social Bookmarking systems, but there are some fundamental
differences in the handling of Information Fragments. It is clear than none of the Social
Bookmarking systems considers the fragment issue. All such systems are content to bookmark
the Information Entity as it was composed by its creator, regardless of the multiplicity of sections
with diverse content. Two of these systems, Furl and Spurl, encourage the copying of fragments
to designated fields, but no attempt is being made to record their boundaries. They are being
copied only for indexing purposes. On the other hand, these systems contain functionality that is
considered to be beyond the scope of this Study. For example, CitULike and Connotea interact
with bibliographic reference management utilities and FURL, Yahoo MyWeb 2.0 and Spurl
provide the capability of full-text searching of cached content. Although these two examples of
functionality are useful they do not have much to do with the fundamental goals of Information
Fragment Association. Another notable difference is the fact that the tool supporting Information
Fragment Association does not attempt to provide bookmark importing or exporting capabilities.
Importing bookmarks would not benefit such a tool because traditional bookmarks point to entire

Information Entities.

2.7 SUMMARY

Some of the issues that this work aspires to address have been identified and tackled in the past,
but not in a satisfactory way. A variety of Semantic Web[79, 80] initiatives provide good

solutions which to this date have been successful only within a limited scope of applications.
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Link-base solutions[4, 81] have introduced some of the concepts on which this work is based,
but failed to provide a comprehensive solution tacking all of the issues outlined above.
Electronic mail and discussion board systems have introduced interfaces providing good
arrangement by header entries, but they have so far failed to address the users’ practice of
referring to specific sections within each other’s messages. Various studies have exposed users’
tendency to annotate[76, 82], and systems have been developed to provide good interfaces for
annotation[83, 84]. However these studies have not tackled sufficiently the management and
accessibility of these associations especially as they are useful for retrieval purposes. Spatial
Hypertext approaches[35, 85] do not really tackle the issues outlined above, but they can be

useful in the design of appropriate interfaces.
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3 STUDY DESIGN AND EXECUTION

3.1 GOALS

The study conducted in this dissertation is built on the simple premise that if a user identifies a
relationship between an Information Fragment “a” residing within an Information Entity “A” and
an Information Fragment “b” residing within an Information Entity “B” (sometimes after
painstaking research), s/he will certainly benefit from the ability to easily record and be
reminded of that relationship in the future. The goals of this Study are the following:

e Measure the Efficiency of Bookmarking and Retrieving Information Fragments

e Estimate the Accuracy of Association

e Evaluate User Experience

e Determine the Need for Enhancement of Search Engine Results

e Calculate Recall and Precision of Searches in Social Bookmarking Tools

3.1.1 Measure the Efficiency of Bookmarking and Retrieving Information Fragments

The first goal of the Study is to determine whether Information Fragment Association improves
the efficiency of bookmarking and subsequently (re)finding inter-related Information Fragments
residing within Information Entities. Specifically this study attempts to establish whether an

environment allowing users to define the boundaries of Information Fragments and associate
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them with other Information Fragments would increase the efficiency of information retrieval as
compared with an environment offering similar capabilities except the ability to establish an

Information Fragment Association. (see Hypothesis #1 and Tasks 1 and 2 in Section 3.2)

3.1.2 Estimate the Accuracy of Association

The second goal of this Study is to determine whether Information Fragment Association
improves the accuracy of an association by focusing on the specific content of the Information
Fragment which precipitated this association as opposed to an association involving the entire
content body within which the Information Fragment resides (see Hypothesis #2 and Task 3 in

Section 3.2)

3.1.3 Evaluate User Experience

The third goal of the Study is to consider the effects that an efficient juxtaposition and collection
of Information Fragments has on the user experience and to determine whether users feel they
can more easily locate Information Fragments using an Information Fragment Association

interface (see Hypothesis #2 and Task 3 in Section 3.2)

3.1.4 Determine the Need for Enhancement of Search Engine Results

The fourth goal of the Study is to determine whether the presence of Information Fragment
Associations improves the efficiency of retrieving resources containing interrelated Information

Fragments. The study will attempt to determine the extent to which search engine results can be
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enhanced by Information Fragment Associations. The Study examines how closely two resources
containing user-associated Information Fragments are collocated in the results generated by
standard search engines which do not have Information Fragment Association enhancements (see

Hypothesis #4 and Task 4 in Section 3.2)

3.1.5 Calculate Recall and Precision of Searches in Mainstream Tools

The fifth goal of the Study is to determine whether better retrieval effectiveness (measured by
Recall and Precision) of keyword searches can be achieved, by integrating Information
Fragments and the associations between them rather than more traditional keyword searches on

Information Fragments. (see Hypotheses #5, #6 and #7 and Task 5 in Section 3.2)

3.2 HYPOTHESES

The Study consists of seven research questions and their corresponding hypotheses.

3.2.1 Research Question #1

Would the total time needed for the entire process of bookmarking and then of retrieving two
Information Fragments within two Information Entities be shorter if an Information Fragment

Association interface rather than a mainstream social bookmarking tool like SPURL is used?
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3.2.1.1 Hypothesis #1

Hi.o - The first null hypothesis:

The time needed for the entire process of bookmarking and then retrieving
two Information Fragments from two Information Entities when using an
Information Fragment Association interface will be equal to the time

needed for this process when using SPURL

Hi.; - The first alternative hypothesis

The time needed for the entire process of bookmarking and then retrieving
two Information Fragments from two Information Entities will be shorter
when using an Information Fragment Association interface than when
using SPURL

3.2.2 Research Question #2

Would the overall usefulness and usability of the process of bookmarking and then of retrieving
two Information Fragments within two Information Entities be better when using an Information
Fragment Association interface rather than using a mainstream social bookmarking tool like

SPURL?

86



3.2.2.1 Hypothesis #2

H,.o - The second null hypothesis:

The usefulness and usability of the process of bookmarking and then
retrieving two Information Fragments from two Information Entities will
be the same between using an Information Fragment Association interface
and using SPURL

H,.; - The second alternative hypothesis

The usefulness and usability of the process of bookmarking and then
retrieving two Information Fragments from two Information Entities will
be better when an Information Fragment Association interface is used
rather than SPURL

3.2.3 Research Question #3

How useful would users find the ability to establish Information Fragment Associations, to see

Information Fragments side-by-side and to navigate from one Information Fragment to the other?
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3.2.3.1 Hypothesis #3

Hs.o - The third null hypothesis
Users would find the abilities to establish Information Fragment
Associations, to see Information Fragments side-by-side and to navigate

from one Information Fragment to the other are not useful

Hs.; - The third alternative hypothesis

Users would find useful the abilities to establish Information Fragment
Associations, to see Information Fragments side-by-side and to navigate
from one Information Fragment to the other are useful

3.2.4 Research Question #4

When a human determines that two Information Fragments contained in two different Web pages
have a strong relationship, can s/he expect that if s/he searches for one of these two Information
Fragments in a Web search engine these two pages will appear within a reasonable distance from
each other in the result set? In detail, the research question is: if we have a set of such pairs of
Information Fragments, will a major Web search engine (such as Google or Live Search) be able
to return the two Web pages containing the two Information Fragments within the same result
page (i.e., the difference between the ranks of the two pages is less than 10) in most (more than
75%) cases when the query issued to the search engine is designed to retrieve one of the
Information Fragments, or would it be necessary to insert the related Information Fragment in

the result set in order to accomplish that?
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3.2.4.1 Hypothesis #4

Ha.o - The fourth null hypothesis

More than or equal to 75% of a given set of pairs of related Information
Fragments will have a rank difference less than 10 in the Web search
results when a query designed to retrieve one of the Information
Fragments is applied to a Web Search engine

H,.1 - The fourth alternative hypothesis

Less than 75% of a given set of pairs of related Information Fragments
will have a rank difference less than 10 in the Web search results when a
query designed to retrieve one of the Information Fragments is applied to a

Web Search engine

3.2.5 Research Question #5

Would better retrieval effectiveness (measured by Recall, Precision and F-measure) be obtained
when keyword searches are performed on a dataset containing user-defined Information
Fragment pairs in a tool supporting Information Fragment Association rather than performed on

the same dataset in a tool not supporting Information Fragment Association?

89



3.2.5.1 Hypothesis #5

Hs.o - The fifth null hypothesis

Recall obtained when keyword searches are performed on a dataset
containing user-defined Information Fragment pairs would be the same in
a tool supporting Information Fragment Association as in a tool not

supporting Information Fragment Association

Hs.; - The fifth alternative hypothesis
Recall obtained when keyword searches are performed on a dataset
containing user-defined Information Fragment pairs would be better in a

tool supporting Information Fragment Association as in a tool not

supporting Information Fragment Association

3.2.5.2 Hypothesis #6

He.o - The sixth null hypothesis

Precision obtained when keyword searches are performed on a dataset
containing user-defined Information Fragment pairs would be the same in
a tool supporting Information Fragment Association as in a tool not

supporting Information Fragment Association

He.1 - The sixth alternative hypothesis
Precision obtained when keyword searches are performed on a dataset
containing user-defined Information Fragment pairs would be better in a

tool supporting Information Fragment Association as in a tool not

supporting Information Fragment Association
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3.2.5.3 Hypothesis #7

H7.o - The seventh null hypothesis

F-measure obtained when keyword searches are performed on a dataset
containing user-defined Information Fragment pairs would be the same in
a tool supporting Information Fragment Association as in a tool not
supporting Information Fragment Association

H-.; - The seventh alternative hypothesis
F-measure obtained when keyword searches are performed on a dataset

containing user-defined Information Fragment pairs would be better in a

tool supporting Information Fragment Association as in a tool not

supporting Information Fragment Association

3.3 RESEARCH METHODOLOGY

This Study employed primarily quantitative research techniques but some qualitative analysis
was also performed. The choice of the quantitative approach as opposed to the qualitative was
based on the consideration of the objectives of the study and the nature of the tests feasible
within the timeframe of the study. Since the main objective of the study was the examination of
the effect that the presence or absence of Information Fragment Association functionality has on
everyday information management and retrieval operations, the most suitable approach was a
quantitative one, using causal-comparative and experimental research techniques.

The quantitative-experimental approach provided the advantage of better control for
testing how a given process was performed with or without Information Fragment Association

capabilities, how efficiently it was carried out, what steps it involved and how subjects rated the
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process during each step. Having this control was made possible by designing the various tasks
to involve procedures using tools offering a set of functionalities that is parallel and similar in
most regards except in the use of Information Fragment Association capabilities.

Given the nature of study and the timeframe in which it was carried out, relying primarily
on a qualitative approach would not have yielded results as strong as those yielded by the
quantitative approach. Some qualitative analysis was performed using conversations with the
subjects. However, it had to be used very cautiously, as subjects were not so extensively exposed
to the Study as to have a good grasp of the concepts involved. Their responses may have been
affected by various factors other than Information Fragment Association, and even when asked
explicitly to comment on this functionality their comments may have been based on incomplete
understanding. The short time spent with the subjects made it difficult to provide qualitative
assessments and interpretations of the way they interacted with the tested tools. Such
assessments would have been far less reliable than the quantitative measurements taken during
the observations.

The disadvantage of the quantitative approach followed in this Study is that it offers vary
little understanding as to why subjects carried out their tasks in a specific way. For example,
much more observation will be needed to determine why a particular functionality that was
obvious to most subjects was not obvious to others. This is this Study attempted to use
qualitative analysis to complement the quantitative analysis whenever possible.

Three Subject Groups were used for the Study. The Study involved four tasks, referred to
as Task 1-Task 4. Measurements were taken both while they were performing the assigned tasks
as well as after the tasks as an analysis of the recorded information. The measurements were the

following:
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3.3.1 Time, Completion and Retrieval Measurements as Performance Indicator

Both experimental and causal-comparative measurements were performed. The subjects were
timed as they were performing assigned tasks. The effect was the time taken to perform the tasks
and the causal factor was the use of two different tools for the same task, and more specifically
the presence or absence of Information Fragment Association functionality. In particular, the
subjects were timed as they were performing the task of defining Information Fragments using
two tools being compared (see Section 3.9.2.2) and then they were timed again as they were
performing the task of retrieving the Information Fragments using the two tools (see Section
3.9.2.4). The data was analyzed further by drawing distinctions between specific groups of
observations. For example, in Task 1 an analysis by topic was performed (see Section 4.1.5). In
Task 2 another analysis was performed by dividing the observations on the basis of the original
creator of the Information Fragment (see Sections 4.1.6.1 and 4.1.6.2) and eventually dividing
them further by gender (see Sections 4.1.6.3, 4.1.6.4, 4.1.6.5, 4.1.6.6 and 4.1.6.7). In addition to
timing, other measurements were also collected throughout these tasks. For example, in Task 2
the observations during which an Information Fragment was actually retrieved were counted(see
Section 4.1.1). Other indicators involved measurements such a calculation of the difference of
the ranks of Information Fragments in result sets of Web search engine queries (see Section
4.2.3) and the calculation of recall, precision and F-measure of queries performed on Information

Fragment sets (see Section 4.5)
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3.3.2 Questionnaires as an Indicator of User Experience

Throughout the first two tasks of the Study, subjects were asked to respond to questionnaires.
Most questions were posed using Likert scales. The quantitative descriptive data were collected
and analyzed, providing measurements of the degree to which the evaluated interfaces were easy

to use, helpful, effective or enjoyable (see Sections 4.3.1, 4.3.2.1, 4.3.2.2 and 4.3.2.3).

3.3.3 Quantification of Free-Text Questions

Free-text questions were posed to subjects giving them the opportunity of pointing out what they
liked and what they disliked about the two tools they had used. The responses were analyzed by
categorizing the contents and by extracting measurements of positive or negative comments on
specific functionalities (see Section 4.4). This quantification was very helpful in drawing
conclusions, as it helped weed out factors influenced by functionalities unrelated to the object of

the Study, which was the use of Information Fragment Association.

3.3.4 Qualitative Data

Some more data were collected through casual conversations with the subjects. Although to a
certain degree some effort was made to quantify these responses as well, some qualitative
conclusions regarding the usefulness of Information Fragment Association were derived from

these conversations (see end of Section 4.4).
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3.3.5 Experimental Validity

3.3.5.1 Selection-Treatment Interaction Threat to Internal Validity

The subjects were University of Pittsburgh students primarily in the Social Sciences. This
preference was aimed at ensuring that the subjects were more motivated to carry out their tasks,
since the material used was probably of more interest to them than to other students. This
selection is believed to have yielded for the most part results that are characteristic of the average

user.

3.3.5.2 Experimenter Effects

Since the selection of the stories was not the goal of this study, and in order to save some of the
time the subjects were to spend in selecting the stories, the lists of story pairs were provided to
the subjects. Special care was taken so as not to use any criteria in this random selection other
than the simple judgment of their being suitable. Attention was also paid to avoiding any

suggestions for their use or selection.

34  SUBJECTS

We totally recruited three groups of subjects, each consisting of 6 University of Pittsburgh
students, whose majors are primarily in Social Sciences. The subjects were given an Entry
Questionnaire in order to ensure that some basic information about them has been gathered. The

profiles of the subjects are:
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Gender Balanced

50% of the subjects were Male and 50% Female. A gender balance was being
targeted, but the perfect 50/50 distribution was simply a lucky coincidence
Mostly Young

Most subjects were undergraduate students. The mean age of the subjects was
24.1 and the median age was 21.5, with the youngest being 18 and the oldest
being 43.

University students mostly from Arts and Sciences

Twelve subjects were students in the School of Arts and Sciences, two in the
Graduate School of Business, two in the School of Education, one in the Graduate
School of Public and International Affairs and one in the School of Social Work.
Twelve of them had only a High School Degree, three had a Bachelor’s degree
and three had a Master’s degree

Frequent computer users

The subjects were asked how much time on average they spend per day using a
computer. Six use a computer more than four hours a day, six use a computer
between three to 4 fours, three use a computer between two and three hours and
three use a computer between one and two hours.

Comfortable with Web navigation tools

The subjects were self-rated on degree to which they feel comfortable with web
navigation tools, with 1 as less comfortable and 10 as the most comfortable. The

mean rating was 7.47
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Casual news readers

When asked how much time on average they spend per day reading, listening and
watching news, one of the subjects stated that he/she spends two to three hours a
day on news, eight of them spend one to two hours and nine of them spend less
than an hour.

Mostly unfamiliar with Social Bookmarking tools

The twelve subjects of Subject Groups A and B were asked to specify the Social
Bookmarking tools they had used. Three of them had used Slashdot, three had
used Yahoo My Web and one had used Digg. No subjects had used SPURL, which
was the Baseline of this study

Familiar with Web Search Engines

The six subjects of Subject Group C were asked to specify the Search Engines
they use. All of them use Yahoo and Google. Two of them use Altavista, two use
Ask, two use Excite, one uses Baidu, one uses Vivismo, one uses Lycos and one

uses Dogpile

Two of these three Subject Groups were administered the test under a controlled
environment being supervised by the test administrator. The third Subject Group was able to
perform the assigned task within their usual environment and within a defined timeframe.
Institutional Review Board permission was received prior to the test, specifying the details of
interaction with the subjects.

Because of the fact that the sample size of 12 subjects was relatively small, testing has
been performed on each measurement to ensure that the results possess statistical power. Since

as Chapter 4 shows the tests were performed and they revealed statistical power, the sample size
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was proven adequate. The power of the results was to a large extent due to the fact that the test
was based on the means of 12 actions of each one of the 12 subjects. The sample was carefully
selected so as to be characteristic of the population being examined. Specifically, the subjects
were undergraduate and graduate students in the Social Sciences who had indicated that they use
on a regular basis online information resources and search tools for their information needs and
who did not have expertise in information management. These were the characteristics indicative

of the targeted population.

3.5 INDEPENDENT VARIABLES

The Study measured the effect of the presence or not of Information Fragment Association
functionality in bookmarking tools and in the results of web searching. For this reason, two tools
with a comparable feature set were selected, the one with Information Fragment Association
capabilities and the other without. Specifically the Study examined the effect of the ability or not
of defining multiple Information Fragments within the same Information Entity and ability or not
of defining the boundaries of Information Fragments and displaying them within the context of
their encompassing Information Entities. It also considered the ability or not of displaying inter-
related Information Fragments side-by-side. In all of the tasks performed in this Study, the
Independent Variable is the availability of Information Fragment Association capabilities. The
presence or absence of these capabilities is the cause for the differing performance or usability

measurements recorded using the tools employed.
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3.6 DEPENDENT VARIABLES

Several variables were considered in an effort to assess the degree of improvement in social
bookmarking and web searching tools. First, the Study measured the efficiency of retrieval of
pairs of Information Fragments residing within different Information Entities and identified by
users as bearing a certain relationship. Then, using questionnaires, it measured the user
satisfaction in the process of retrieval of pairs of Information Fragments and the perceived
reference accuracy of Information Fragments. It also measured the degree to which a mainstream
web searching tool succeeded or failed to provide collocation of Information Entities
encompassing inter-related Information Fragments. Finally, the study measured the Precision,
Recall and F-measure of search queries performed in the two social bookmarking tools with the

purpose of retrieving relevant Information Fragments.

3.7 CONCEPTS RELATING TO AN INFORMATION FRAGMENT ASSOCIATION
INFRASTRUCTURE

3.7.1 Information Entity

For the purpose of our discussion, an Information Entity is any piece of recorded human
communication, regardless of format, length, subject matter and scope. An Information Entity
may consist of a single statement or a series of statements. It may be a piece of casual
communication, such as an e-mail, or an elaborately composed scholarly publication. As such, an
information entity may have some kind of relationship with a pre-existing Information Entity. It

may be a response, confirmation, refutation, elaboration etc. Under this assumption, an
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Information Entity would be a piece of communication issued as a literally or conceptually single
item by an individual or a group. For example, a document written by a group of members of a
committee constitutes an Information Entity, and each piece of communication issued by each
one of the members of the committee in the process of composing this common document would
be an information entity. The final document would not subsume any one of these information
entities; it would simply inherit content from them. There would therefore exist a certain
dependence between these Information Entities. The Information Entities issued during the
process are dependent on the final document, and the final document is dependent on the earlier
information entities as they constitute the history of its creation. Depending on an organization’s
information retention policies this history may or may not be considered important. Earlier
communications are often discarded. Sometimes, however, they are invaluable.

A simple example of inter-related information entities is electronic mail, since
information entities are essentially pieces of human communication. Electronic mail exchanges
demonstrate the dependence of an Information Entity on another one, as they are often responses
to statements expressed by the other party. In human communication, if Message B contains a
reference to Message A, Message B is sequentially dependent on Message A. The degree of this
dependence will vary based on the nature of this reference. The dependence can be absolute,
such as in the case of a simple response:

e.g. Message A: Are you available for a conference call this afternoon at 2:00pm?

Message B:  Yes

In this simple example, Message B has no real semantic value of its own. It can be a

response to any question expecting a “yes” or “no” answer. A more in-depth demonstration of

this type of absolute dependence can be found in Louwerse and Mitchell’s[86] discussion of

100



“Discourse Markers”. They define Discourse Markers “verbal and nonverbal devices that mark
transition points in Communication”. They are phrases instructing participants in an information
exchange how to consider an upcoming utterance. Therefore, such phrases often do not have any
meaning by themselves. Knott and Mellish[87] examine a large number of “cue phrases” which,
when used, render a phrase dependent on further context in order to be interpreted. As an
example, they offer the following two phrases:

e Bill is six feet tall. (requires no additional context to be understood)
e But Bill is six feet tall. (only makes sense as the follow-up to some previous statement)

This sequential dependence is not limited to oral communication, which is the
concentration of the above studies. Typed electronic communication, either synchronous or
asynchronous can exhibit the exact same sequential dependencies. Moreover, this kind of
dependence expressed in the above studies can be further applied to the content of statements
being exchanged. Even a free-standing, fully coherent statement may only make complete sense
if viewed with a statement that prompted its creation.

In other cases, the reference may be passing and insignificant. Most cases, however, fall
somewhere between these two extremes. Statement B above does have semantic content of its
own, but the lack or modification of Statement A has some effect on the message it conveys.

To further complicate things, Information Entities often refer to knowledge which is
assumed common. Humans have the ability of building mental information knowledge bases
which are often called upon by embedded allusions in a given information entity. These
knowledge bases are dependent on cultural background, age, education etc. Perhaps the most
striking examples of concealed allusions occur in humorous contexts. An old television political
satire may make sense only to audiences of a certain age. Scholars are still struggling to discover

what the numerous humorous allusions in Aristophanes’ comedies are. Any information entity
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saved for posterity exhibits some degree of lack of semantic integrity if the assumed “common”
knowledge is not recorded along with the information entity. This latter inadequacy of recorded
information entities will not be discussed by this study. It is only referred to here in order to
demonstrate how context is important, especially when it can be assumed that some context will

inevitably be lost.

3.7.2 Information Fragments

The sequential dependence of two Information Entities can be traced in interrelated fragments
within these two Information Entities. In the case of literary works this may mean the detection
of points of influence of the one work on the other. In the case of news stories this may mean the
identification of points of explicit or implicit reference to a previous news story. These points
being referred to are fragments of the entire body of an Information Entity. An Information
Fragment is a content portion of an Information Entity the boundaries of which have been clearly
defined by somebody. The long and multi-faceted content of some Information Entities makes it
often very difficult to discern a useful piece of information buried in the content of such a large
Information Entity. The definition of boundaries for Information Fragments allowing the user to
focus on the content of interest and the potential of navigating from fragment to fragment is a

much needed capability.

3.8 TOOLS EXAMINED

Since the objective of this study is to determine the desirability of an Information Fragment

Association Framework by establishing whether the presence of Information Fragment
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Association capabilities would improve information retrieval, it was necessary to make a
comparison between a mainstream Social Bookmarking tool which does not support Information
Fragment Association as a Baseline and a Test Tool (called FW) with similar functionality plus
the Information Fragment Association capability.

More detailed discussion of these two tools and their functionality, including screen
snapshots is available in Section 3.9 below, as part of the discussion of the tasks performed in
this Study.

The focus of the study was on a few select features of these tools and not on their entire
functionality. The tested features were those providing the basic capabilities of defining
Information Fragments, submitting the information to the system as a bookmark and

subsequently retrieving that bookmark.

3.8.1 Baseline

SPURL* was selected as the Baseline because it incorporates most functionalities found in
typical Social Bookmarking tools, such as bookmarking, subject tagging and bookmark sharing,
and in addition to these functionalities it supports features rendering it more suitable for
comparison with a tool supporting Information Fragment Association. These additional
functionalities are the ability to select and define Information Fragments (albeit inadequately)
and the ability to cache the content of the encompassing Information Entity.

Therefore, SPURL possesses, to some degree, some of the features an envisioned

Information Fragment Association tool should have, but it does not support Information

! http://spurl.net
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Fragment Association. SPURL is a web resource accessible using a web browser. For this test

the Internet Explorer web browser was used.

3.8.2 FW (Test Tool)

FW is the test tool developed for this Study. It provides the basic capability for Information
Fragment Association with necessary data and organization structure. As a test tool it is not
polished or full-featured like a real product. FW used Web Services[88, 89] and XQuery[19] for
data transfer and manipulation. Despite its simplicity, FW was designed as envisioned for a
Framework supporting Information Fragment Association at much grander scale. FW was a

stand-alone application with built-in web capabilities.

3.8.3 Live Search

To test Research Question #4 and Hypothesis #4 a retrieval system built on top of Live Search
with a custom designed interface was used. It connects with the Live Search engine via the Live

Search API. The subjects used a web browser to interact with the retrieval system.

39 TASKS

The study involves four tasks. Task 1 and Task 2 test hypotheses #1, #2 and #3. These two tasks
together were designed to draw a comparison between the benefits offered by two tested tools
during the bookmarking process and the subsequent use of bookmarks to retrieve the collected

resources, and specifically the user-defined Information Fragments. The three hypotheses tested
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involve performance, usability and feature usefulness. Measurements for all three have been built
into the design of these tasks. Throughout the design, the focus is on the effect that the presence
or absence of Information Fragment Association capabilities on these measurements. The tasks
involve both objective and subjective measurements (such as time and questionnaire responses),
so special care has been taken in the design to make sure that even if other factors influence the
results, the main criterion is always the difference in functionality introduced by the use of
Information Fragment Association. For example, answers to the questions in the questionnaires
can be influenced by a variety of factors, such as aesthetics, but these are only peripheral factors.
The main focus of the tasks is always on the effectiveness of accomplishing the objective of
creating and retrieving Information Fragments.

Task 3 tests hypothesis #4 and it involves the use of a mainstream Web Search Engine. It
attempts to assess the degree to which everyday information seeking activities can be enhanced
through integration of Information Fragment Associations.

Task 4 tests hypotheses #5, #6 and #7 and it tries to find out how the presence or absence
Information Fragment Association affects the performance (measured by recall, precision and F-

measure) of queries performed against a dataset containing Information Fragments.

3.9.1 Task 1 (Fragment Definition)

Task 1 covers the first part of the traditional bookmarking process, that is, the identification and

reference recording of resources.
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3.9.1.1 Data Provided and Data Collected
12 pairs of stories were provided for each subject. The stories were selected from four topic

categories:

o International other than Irag (many dealing with the Iran nuclear issue)
o Eventsin Iraq

o U.S. Politics

o Miscellaneous stories

The pairs of stories were pre-selected, but the specific fragments were selected by the
subjects themselves. The stories provided the subjects with ample opportunity of identifying
Information Fragments bearing some relationship with each other. Very often the stories were
reports from different news agencies on the same event, or different analyses on same issue.
Additional stories were kept in the event that the subject failed to identify any related
Information Fragments, but they were never used for that purpose. However, backup resources
proved to be useful in a few occasions in which a particular resource was not responding or it
was presenting some other technical malfunction.

Two groups of 6 subjects (User Group A and User Group B) participated in Task 1, and
they totally selected 144 pairs of Information Fragments. Their subjective opinions of the two

environments were also collected using questionnaires.

3.9.1.2 Subject Group A

The subjects were first asked to fill an Entry Questionnaire and then participated in a training
session that included reading the instructions and playing with the two tools.

The news stories were provided to the subjects in the form of a simple web page with a
series of links as shown in Figure 40. In all, 13 pairs of stories were provided with the first one as

a practice. This practice story pair was the same for all subjects and its results were used in the
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result analysis. During that practice pair creation, subjects were encouraged to ask questions in

case the process was unclear to them.

Fragment Association Study - SA6

0

« Story 1

o Story 2
1

« Story 1

+ Story 2
2

« Story 1

o Story 2
3

« Story 1

e Story 2
4

« Story 1

o Story 2
5

« Story 1

e Story 2

Figure 40 - Task 1 List of News Stories Links

The subjects had the following open on their machines:

e An Internet Explorer session for Baseline
e An FW session for Information Fragment Association creation

The subjects were asked to read the content of these 12 pairs of news stories in a fashion similar
to their normal everyday news consumption and to identify a pair of Information Fragments
bearing some relationship with each other from each of these 12 pairs of stories. The nature of
the relationship was left entirely up to the subjects to decide. It could be similarity of content, a
different slant or bias in reporting the same story, emphasis on different details, refutation, or any

other positive or negative relationship.
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The following process was followed by Subject Group A in Task 1. We took the within
subject design so that each subject tackled a pair of stories in an iteration which included the use
of both tools. Special care has been taken so as to avoid learning effect. Each subject performed
6 selections of Information Fragments, with the one sequence of the two tools (e.g., using
Baseline first then FW) and then 6 remaining selections with the switched sequence (e.g., using
FW first, then Baseline).

In summary, each subject submitted 6 pairs of Information Fragments using this
sequence:
o Within one submission, the subject
= displayed the first story in the first tab of the Baseline IE session
= displayed the second story the second tab of the Baseline IE session
= displayed the first story in the first tab of FW
= displayed the second story in the first tab of FW
= read the two stories
= identified the first fragment

= identified the second fragment

= started timing & Baseline

= bookmarked the first story using Baseline, highlighting the fragment of
interest and keeping it as a “snip”

= bookmarked the second story using Baseline, highlighting the fragment of
interest and keeping it as a “snip”

= ended timing & Baseline
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The only immediate cost the impoverished Morth would suffer for not
shutting down the reactor by the deadline would be an initial 50,000
ton shipment of heawy fuel oil promised as a reward. That shipment
was part of 1 million tons of il it would get for dismantling its nuclear
prograrms.

The money dispute has held up progress in implementing the landmark
agreement in which North Korea promised to take initial steps toward
dismantling its nuclear program, including closing its main nuclear
reactor, in exchange for economic aid and political concessions,

State Department comment

State Department spokesman Sean McCormack declined to comment
on what might happen if North Korea misses the deadline, but said
the United States continued to believe that all parties to the
agreement are “working in good faith to meet it.*

But, he told reporters the money issue “was more complicated than
anyone could have imagined,” and suggested Yashington might not
object to an extension of the deadline.

“we'l take a look at where we are on Saturday,” McCormack said,

Maorth Korea has refused to move forward because of the delayed
transfer of the money frozen by Macau authorities after the U.S.
blacklisted a bank in the Chinese-administered region in 2005 for
allegedly helping Pyongyang launder maoney. w

Figure 42 — FW (Test Tool) Information Fragment Definition
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Figure 43 - Information Fragment Association Submission

= started timing & FW

= created Information Fragment Association for the same Information
Fragments using FW (Figure 42 and Figure 43)

= ended timing & FW

Then the subjects were asked to submit 6 more Information Fragments using a slightly
different sequence, using FW first and then Baseline
After finishing the 12 selections, the subjects filled out a questionnaire with the following
questions:

o How difficult was it to define a fragment in SPURL?

o How difficult was it to define a fragment in FW?

o How useful is the FW feature allowing the connection of two fragments?

o How helpful was SPURL in accomplishing the task of defining fragments?

o How helpful was FW in accomplishing the task of defining fragments?
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o How enjoyable was using SPURL for accomplishing this task?

o How enjoyable was using FW for accomplishing this task?

e At the end two sets of fragments were collected by each subject. The two sets were
labeled Al and A2. Set Al contained all first story Information Fragments (12 items) and
A2 contained all second story Information Fragments (12 items), i.e. the Information

Fragments with which the members of set A1 were paired (see Figure 44).

Set A1 Set A2
4 4

Figure 44 - Information Fragment Sets

Task 1 by itself is not able to fully exhibit all of the benefits of Information Fragment
Association. Yet the fact that the two Information Fragments are being associated so effortlessly
adds to the overall final assessment of the value of Information Fragment Association. Had this
process been time-consuming or convoluted, it would have cast doubt on the benefits offered by

Information Fragment Association.

3.9.1.3 Subject Group B
Subject Group B performed the exactly same test as Subject Group A. The two sets of

Information Fragments were labeled B1 and B2.
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3.9.2 Task 2 (Matching Fragment Retrieval)

In Task 2, subjects were presented with a listing of references to the first story and used these
references to retrieve the matching Information Fragment in the second story (see Figure 45).
The process was divided in such a way that subjects had to use the one tool for half of these
retrievals and the other tool for the other half. These references were also divided into two
groups. Half of them corresponded to the Information Fragments that the subject had defined
herself or himself before, and the other half of the references corresponded to the Information
Fragments defined by somebody else.

« Fragments marked by you:

o Please use FW for the following:

= Story 1| Copy Url
= Story 1| Copy U

o Please use SPURL for the following

= Story 1| Copy U
= Story 1| Copy U
= Story 1| Copy Urd

« Fragments marked by others:

o Please use FW for the following:

= Story 1| Copy Ur
= Story 1| Copy Url
= Story 1| Copy U

o Please use SPURL for the following:

= Story 1| Copy U
= Story 1| Copy Urd
= Story 1| Copy U

Figure 45 - Task 2

In spite of the complexity of its design, this task is very simple in its objective and
execution. It provides the opportunity to observe how users may benefit in their information

seeking activities from the existence of pre-defined Information Fragment Associations.
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Conversely, it helps estimate the extent to which these activities may be more onerous if either
the user cannot take advantage of relationships between Information Fragments or there is no

such association to be used.

3.9.2.1 Subdivision of Information Fragment Sets for Task 2
Figure 46 represents the two Information Fragment Sets containing the first Information
Fragment of each pair. These two sets are subdivided for Task 2 and they are used as outlined

below and aligned in the sequence in which they were used by each Subject Subgroup.

Ve
Al (12 fragments)
4 Al-1 (6 f:e;;/kﬁ
Retrieved by Group A
B1-1-1 (3 fragments)
Step 1 Retrieved by Group B — Subgroup 1 with SPURL
Step 2 Retrieved by Group B — Subgroup 2 with FW
B1-1-2 (3 fragments)
Step 2 Retrieved by Group B — Subgroup 1 with FW
Step 1 Retrieved by Group B — Subgroup 2 with SPURL
- J
|
/ A1-2 (6 fragments) \
Retrieved by Group B
Al-2-1 (3 fragments) \
Step 3 Retrieved by Group B — Subgroup 1 with SPURL
Step 4 Retrieved by Group B — Subgroup 2 with FW J
A1-2-2 (3 fragments) \
Step 4 Retrieved by Group B — Subgroup 1 with FW
Step 3 Retrieved by Group B — Subgroup 2 with SPURj
e J
- W,

Figure 46 - Subdivision of Information Fragment Sets for Task 2

113



3.9.2.2 Subject Group A
The subjects of Subject Group A were given the resources of set A1-1 (the first half of the first

set of Information Fragments created by Subject Group A —i.e. 6 items) and set B1-2 (the second

half of the first set of Information Fragments created by Subject Group B — i.e. 6 items). They

had the following open on their machines:

An IE session containing the Al-1 and B1-2 URIs

An IE session for SPURL (Baseline) for the A1-1 and B1-2 stories
An IE session for SPURL (Baseline) for the A2-1 and B2-2 stories
An FW (Test Tool) session for fragment association creation

A within-subject design was employed to remove the difference between subjects using

the two tools. Subject Group A was divided into two subgroups each consisting of 3 subjects.

Subgroup 1 used SPURL first and then FW, while Subgroup 2 used FW first and then SPURL.:

Subject Group A — Subgroup 1

As Figure 46 shows, the first subgroup of Subject Group A performed the following Information

Fragment retrievals. The steps are presented in detail in Section 3.9.2.4 below.

Own Information Fragments
o Subset A1-1-1 (3 fragments) retrieved with SPURL (Baseline) — Step 1
o Subset Al-1-2 (3 fragments) retrieved with FW (Test Tool) — Step 2
Others’ Information Fragments
o Subset B1-2-1 (3 fragments) retrieved with SPURL (Baseline) — Step 3

o Subset B1-2-2 (3 fragments retrieved with FW (Test Tool) — Step 4
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Subject Group A — Subgroup 2

As Figure 46 shows, the second subgroup of Subject Group A performed the following
Information Fragment retrievals. The steps are presented in detail in Section 3.9.2.4 below.
e Own Information Fragments
o Subset Al-1-1 (3 fragments) retrieved with FW (Test Tool) — Step 2
o Subset Al-1-2 (3 fragments) retrieved with SPURL (Baseline) — Step 1
e Others’ Information Fragments
o Subset B1-2-1 (3 fragments retrieved with FW (Test Tool) — Step 4

o Subset B1-2-2 (3 fragments) retrieved with SPURL (Baseline) — Step 3

3.9.2.3 Subject Group B
The subjects of Subject Group B were given the resources of set B1-1 (the first half of the first

set of Information Fragments created by Subject Group B — i.e. 6 items) and set A1-2 (the second
half of the first set of Information Fragments created by Subject Group A —i.e. 6 items)
Exactly the same test performed by Subject Group A was performed by Subject Group B,

using sets B1-1 and Al1-2.

Subject Group B — Subgroup 1
As Figure 46 shows, the first subgroup of Subject Group B performed the following Information
Fragment retrievals. The steps are presented in detail in Section 3.9.2.4 below.
e Own Information Fragments
o Subset B1-1-1 (3 fragments) retrieved with SPURL (Baseline) — Step 1
o Subset B1-1-2 (3 fragments) retrieved with FW (Test Tool) — Step 2

e Others’ Information Fragments
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o Subset Al1-2-1 (3 fragments) retrieved with SPURL (Baseline) — Step 3

o Subset Al1-2-2 (3 fragments retrieved with FW (Test Tool) — Step 4

Subject Group B — Subgroup 2

As Figure 46 shows, the second subgroup of Subject Group B performed the following
Information Fragment retrievals. The steps are presented in detail in Section 3.9.2.4 below.
e Own Information Fragments
o Subset B1-1-1 (3 fragments) retrieved with FW (Test Tool) — Step 2
o Subset B1-1-2 (3 fragments) retrieved with SPURL (Baseline) — Step 1
e Others’ Information Fragments
o Subset Al1-2-1 (3 fragments retrieved with FW (Test Tool) — Step 4

o Subset Al-2-2 (3 fragments) retrieved with SPURL (Baseline) — Step 3

3.9.2.4 Task 2 Steps

Step 1 — Retrieving Matching Fragment for One’s Own Fragment — SPURL (Baseline)

Each Subgroup used a different subset for this step:

e The Subgroup 1 of Subject Group A used A1-1-1/A2-1-1 pairs
e The Subgroup 2 of Subject Group A used Al-1-2/A2-1-2 pairs
e The Subgroup 1 of Subject Group B used B1-1-1/B2-1-1 pairs
e The Subgroup 2 of Subject Group B used B1-1-2/B2-1-2 pairs

Each subject was first asked to perform 3 matching fragment retrievals using the above
subset of pairs:

e used Baseline to find the first story
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o brought up Baseline in the first tab
o pasted the URL in the Baseline “Search” box and submitted search
o clicked on the plus “+” icon to display the fragment (Figure 47)
e used Baseline to find the corresponding second story
o brought up Baseline in the second tab
o used information from the first fragment to find the second fragment either by
searching (Figure 48) or by browsing (Figure 49)
o displayed the second fragment

After completing their 3 matching fragment retrievals, the subjects were asked to answer the
following questions (on 7-point Likert scales):
e Using SPURL, how easy was it to find the fragments you had previously defined?

e How effective was SPURL in accomplishing the task of retrieving the fragments?

e How enjoyable was using SPURL for accomplishing this task?
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Figure 49 - Task 2 - Browsing in Baseline for the Matching Fragment

Step 2 — Retrieving Matching Fragment for One’s Own Fragment — FW (Test Tool)

Each Subgroup used a different subset for this step:
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The Subgroup 1 of Subject Group A used A1-1-2/A2-1-2 pairs
The Subgroup 2 of Subject Group A used Al1-1-1/A2-1-1 pairs
The Subgroup 1 of Subject Group B used B1-1-2/B2-1-2 pairs
The Subgroup 2 of Subject Group B used B1-1-1/B2-1-1 pairs

Each subject was first asked to perform 3 matching fragment retrievals using the above

subset of pairs:

used FW to find the first story
o went to the “Browse” tab
o pasted the URL in the “Search by URI’ box and submitted search
o identified the two fragments (Figure 50)

After completing their 3 matching fragment retrievals, the subjects were asked to answer the

following questions (on 7-point Likert scales):

Using FW, how easy was it to find the fragments you had previously defined?
How effective was FW in accomplishing the task of retrieving the fragments?
How enjoyable was using FW for accomplishing this task?

How useful is it to you to be able to see two related fragments side by side?

How useful is it to you to have the ability to navigate from one fragment to the other?
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P et

Entity #1 Entity #2 | Fragment &ssociation | Browse | Display
[ Back ] [ Forward ] [New Search ]

Information Entities by URI

Entities for the Specific URI

The following Entities have been found for this specific URI
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ASSOCIATION ASSOCIATED FRAGMENT
Aricle | Reuters ASSOCIATION ABC Mewes: Dissidert. Iran Iz Training ragis

Three days after it stormed an Iranian government Iragi insurgents, guerrilla fighters and death sguads
office in the Iragi Kurdish capital Arbil, the LS, are being trained in secret camps in lran with the
military aid five men it seized had ties to the Iranian blessing of top Tehran leaders and at least three
Rewvolutionary Guard-Gods Force -- "known for senior Iradgi political figures, an lranian opposition
providing funds, weapons, improvised explosive figure said Tuesday.

device technology and training to extremist groups
afternpting to destabilize the government of Irag ancd
attack Coalition forces".

[ Display more Entities and Fragments from the same Host:

Figure 50 - Task 2 - Retrieving the two Fragments Side-by-Side in FW

Step 3 — Retrieving Matching Fragment for Others’ Fragment — SPURL (Baseline)

Each Subgroup used a different subset for this step:

e The Subgroup 1 of Subject Group A used B1-2-1/B2-2-1 pairs
e The Subgroup 2 of Subject Group A used B1-2-2/B2-2-2 pairs
e The Subgroup 1 of Subject Group B used Al1-2-1/A2-2-1 pairs
e The Subgroup 2 of Subject Group B used Al-2-2/A2-2-2 pairs

In Step 3 the subjects were asked to perform 3 matching fragment retrievals using a
subset created by members of the other Subject Group (i.e. members of Subject Group A used a
subset created by members of Subject Group B and vice versa). This means that in this step the
subjects performing the retrieval encountered these stories and the Information Fragments
defined by other subjects for the first time. This step, as well as Step 4, have been introduced in

the design in an effort to provide a way of eliminate the possibility of content recollection.
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Moreover, it was meant to ensure that any conclusions derived from this process are also
applicable to a collaborative environment.

e used Baseline to find the first story
o brought up Baseline in the first tab
o pasted the URL in the Baseline “Search” box and submitted search
o clicked on the plus “+” icon to display the fragment (Figure 47)
e used Baseline to find the second story
o brought up Baseline in the second tab
o used information from the first fragment to find the second fragment either by
searching (Figure 48) or by browsing (Figure 49)
o displayed the second fragment

After completing their 3 matching fragment retrievals, the subjects were asked to answer the

following questions (on 7-point Likert scales):

e Using SPURL, how easy was it to find the fragments others had defined?
e How effective was SPURL in accomplishing the task of retrieving the fragments?

e How enjoyable was using SPURL for accomplishing this task?

Step 4 — Retrieving Matching Fragment for Others’ Fragment — FW (Test Tool)

Each Subgroup used a different subset for this step:

e The Subgroup 1 of Subject Group A used B1-2-2/B2-2-2 pairs
e The Subgroup 2 of Subject Group A used B1-2-1/B2-2-1 pairs
e The Subgroup 1 of Subject Group B used Al-2-2/A2-2-2 pairs
e The Subgroup 2 of Subject Group B used Al1-2-1/A2-2-1 pairs

In Step 4 the subjects were asked to perform 3 matching fragment retrievals using the

above subset of pairs

e used FW to find the B1-2 story

o went to the “Browse” tab
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o pasted the URL in the “Search by URI’ box and submit search
o identified the two fragments (Figure 50)

After completing their 3 matching fragment retrievals, the subjects were asked to answer the
following questions (on 7-point Likert scales):

e Using FW, how easy was it to find the fragments others had defined?

e How effective was FW in accomplishing the task of retrieving the fragments?
e How enjoyable was using FW for accomplishing this task?

e How useful is it to you to be able to see two related fragments side by side?

e How useful is it to you to have the ability to navigate from one fragment to the other?

3.9.3 Task 3 (Web Searching Test)

Task 3 was designed to test Hypothesis #4, with the consideration that rejection of the null
hypothesis would suggest that traditional Web search engines such as Google and Live Search
fail to bring together two Information Entities containing two strongly related Information
Fragments and that an Information Fragment Association registry is needed to record and supply
association information. In addition to testing Hypothesis #4, we also observed the subjects’
searching behaviors in the process, to obtain further insights. The design of this task involved the
following activities:

e Interface Selection and Configuration
e Query Construction and Submission (Subject Group C)

e Gathering of Saved Information

3.9.3.1 Interface selection and configuration

Two mainstream Web Search Engines, Google and Live Search, were considered for this task.
Because of Google’s popularity, it was originally considered to be a better choice. However, on

December 2006 Google decided to limit its support for the standards-based SOAP API because it
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“was an experimental free program, so the resources available to support the program are
limited”*. As Google’s pre-existing API accounts were still functional, it was evaluated through
preliminary testing along with Live Search. A single test interface (Figure 51) was developed
allowing testers to submit the same query to the two search engines. The goal of the preliminary
testing was to determine the functionality and suitability of the searching interface to our Task 3.

Fragment Association Study - Searching {Group C)

Logoed in as: cat

Google Search |+

Google Search

ﬂ Live Search

Figure 51 - Preliminary Testing for Search Interface

Searching for Fragment # 1 ¥

The preliminary testing concluded that since Google’s response was occasionally slower
than subjects’ tolerance and at the same time Live Search API performed consistently better, we
chose Live Search as the search engine for Task 3.

We then enhanced the searching interface with other capabilities. It can record the
subjects’ browsing activity while they are constructing the optimal search query for retrieving
Information Fragment X and it can also record any sites visited by clicking the links in the search
results. The Page Visits Interface (Figure 52) and the Browsing History Interface (Figure 53)
were designed for the purposes of subsequent result analysis. They were not accessible to the

subjects.

Fragment Association Study - Live Browsing History (Group C)

Logged in as: cat
Browsing © Page Visits

DateTime

iran "monthly payments" 413i2007 11:31:24 AM
payments delay 413/2007 10:18:54 AM
412/2007 9:29:26 PM

Vdpi0275984141

Figure 52 - Page Visits Interface

%2 http://code.google.com/apis/soapsearch/api_faqg.html
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Fragment Association Study - Live Browsing History (Group C)

Logged in as: cat

Browsing ' Page Visits
page Query

. Talks on halting North Korea's nuclear

program broke down abruptly ... talks on B9 LE
e dismantling North Korea's nuclear programs Korea's nuclear 5507
H.Korean Nuke go.comiinternati y? 752168CMP=0TC-RS 5Feads0312 9 prag 1 program ended ’ 4528

said Friday that negotiations could resume in ; 8:03:53 PM
Talks May Restart abruptly with no

2 week or two after they abruptly ended

. progress

without progress ...

. North's Kim refuses to attend an afternoon Talks on North
US Blames session of talks until the cash from Macau is :
Technical Issue For transferred, meaning no progress .. talks Korea's nuclear /2007
Blooking North hitp-/fananw spacewar comlreports/US_Blames_Technical_|ssue_For_Blocking_Horth_Korea_Huclear_Talks_898. html ‘amed at ending North Koreats muciear - North 1 program ended  go S0l 4528

Korea Nuclear Talks Korea's chief envoy Kim Kye-Gwan abruptly abruptly with no

abandoned the talks progress
Talks on North Korea's nuclear program ended Talks on North
abruptly with no progress on Thursday after Korea's nuclear
Horth Korea nuclear o v smh.com.auinewsWorld/Morth-Korea-nuclear-talks-end/2007/03/22/1174153262401 himl four days of negotiations derailed by the issue 1 e 2EELT 4528
talks end 8:03:52 PM
of funds frozen in a Macau bank. Throughout abruptly with no
the session, which progress
p=By Ben Blanchard and Teruaki Uena
Talks on North
North Korea nuclear Koremn
talkes and with nn e e e ores's nuclear  yiamang

Figure 53 - Browsing History Interface

Fragment Association Study - Searching (Group C) i

Logged in as: cat
iraq reconstruction

Searching for Fragment # 1 =

PevPage J[1] 2 [ 3| 4|5 |6 |7 9 Next Page
USAID- Assistance for Irag

As part of the USAID-funded Economic Govemance Il Project to assist in economic reconstruction and policy reform in Iraq, USAID is working with the Govemment of Iraq (GOI) to improve
information
hitp:/fwww_usaid.goviirag/ - Cached page

Gulf Region Division
Iraq Reconstruction Weekly: Essayons Forward: Site Last Updated 5/1112007- Privacy Security Notice: Contact Us Visitors since 20 Jan 07 .
fttp://vww.grd usace army.mill - Cach

Rebuilding Irag - R ion and

Iraq reconstruction, The PCO, with the US Army Corps of Engineers’ Gulf Region Division worked with Iraq ministries and lragi vendors ta help restore their infrastructure in six sectors: oil
‘water
hitp:

fwoow.rebuilding-iraq.nets - Cached page

Millions wasted in Irag rebuilding - Conflict in Irag - MSNEC.com
The U.S. govemment wasted tens of millions of dellars in Irag reconstruction aid, including scores .. Millons wasted in Iraq recanstruction aid Quarterly audit paints grim picture of fraud ...
http://www.msnbe. msn. comyidi 16896294/ - Cach

of Iraq - Wikipedia. the free

Reconstruction of Irag is the term used for attempts to both imprave upon and make repairs to the infrastructure of Iraq damaged during the 2003 invasion and the subsequent occupation of
Iraq. The

hitp//en wikipedia.orghwiki/Recenstruction_of Iraq

Irag Occupation and Reconstruction
GlobalSecurity.org is the leading source for reliable military news and military information ... Resources; Introduction Ongoing Military Operations Ongoing Military Operations Maps
http: /s g yiopsfiraq_t htm ge

Irag Reconstruction - Hot Documents
Iraq Reconstruction and Operation Iragi Freedom Hot Documents and other documents of interest. ... Hot Documents Operational Press Briefings & Updates. President Bush Discusses U.S.
http:/fuany.globalsecurity. orgimilitary/ops/iraq_hotdocs2.htm - Cached page

Reconstruction Irag Exhibition
Reconstruction Iraq Exhibition website. From 3 to 6 November 2007 at Kuwait International .. Kuwait: the Obvious Choice. In November 2007, Kuwait International Fair Go. will organize
“IRAQ .

http:/luww_reconstruction-iraq.com/

Irag Investment and R Task Force

Maintained by the Iraq Investment and Reconstruction Task Force (IRTF) of the U.S. Department of Commerce to assist companies pursuing reconstruction and other business opportunities
inIraq
http:/fwww_export.goviirag/ - Cached page

Rebuilding Irag - DefendAmerica Nev
Iraq Reconstruction Continues: Soldiers Teach Iraqi Youth Baseball- Iragi National Guard Graduates New Round of . Iraq Reconstruction Continues: Iraqi Electric Grid Stabilized After Attack
Project Helps

fttp: vy q ing.htm - C

Query searched: iraq reconstruction
Estimated total results: 962383

Figure 54 — Web Searching Interface (Subject Group C)

Figure 54 shows the Web Searching Interface for subjects. The subjects were asked to
specify the number of the Information Fragment for which they were searching. This number

was being recorded along with every activity in order to assist with the final data processing.
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Each result set entry consisted of:

e The title of the story along with a hyperlink to it

e A snippet from the story containing the terms used in the query
e The URI of the story

e The link to the cached page

Subjects used the snippet information to determine whether the retrieved resource
contained the targeted Information Fragment. Each subject in Subject Group C was given 24
Information Fragments out of the Information Fragments defined by User Group A and User

Group B.

3.9.3.2 Query Construction and Submission (Subject Group C)

As stated, each subject was given 24 fragments from sets A1 and B1, and was asked to devise a
query to retrieve each Information Fragment. The subject was told that the query should consist
of the terms most likely to retrieve the Information Fragment at hand or an Information Fragment
of similar content.

The subjects were asked to try several searches in the web searching interface until they
feel comfortable that they have devised a good query. They them submitted the query to the
Query Submission Interface immediately. Every search activity and every resource visited were

automatically recorded for later analysis.
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Fragment Association Study - Submit Queries (Group C)

Logged in as: strawiberny

Fragment from Story #1

After Tehran failed to meet a late February
deadline to suspend enrichrment under the
December regolution, senior
representatives of Russia, China, the
United States, Britain, France and
Germany began discussing new

Query used for this Fragment:

"Tehran failed"™ + "February
deadline to suspend
enrichment™ 4+ "Russia,
China, the United 3tates"™

2 A

sanctions that would include an embargo
on arms exports and an asset freeze on
mare individuals and companies linked to
Tehran's nuclear and missile programs.

O O

Query used for this Fragment: |

Fraument from Storv #2

Figure 55 - Query Submission Interface - Typing and submitting query

[ Fragment Association Study - Submit Queries (Group C)

Logged in as: strawvberry

Fragment from Story #1 Query used for this Fragment:

ha ¥

After Tehran failed to meet a late February
deadline to suspend enrichment under the
December resolution, senior
representatives of Russia, China, the
United States, Britain, France and
Germany began discussing new
sanctions that would include an embargo
on arms exports and an asset freeze on
mare individuals and companies linked to
Tehran's nuclear and missile programs.

4

Query submitted

‘ Franment from Story #2 Query used for this Fragment:

Figure 56 - Query Submission Interface - Query submitted

The entire process of Task 3 is depicted in Figure 55 and Figure 56 and involved the

following steps:

1. The subject logged in the Query Submission Interface and read the Information Fragment
carefully

2. Logged in the Web Searching Interface and constructed a good query by trying out
several word and phrase combinations

3. Went back to Query Submission Interface and typed the query in the allocated box

4. Submitted the query

5. The query was marked as submitted
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6. An automated background process started, submitting the query to the Live Search API

and retrieving and storing the first 2000 results

Subjects in Group C did not have the benefit of looking at the associated Information
Fragments (in sets A2 and B2) so as not to be in any way influenced by the content of those
fragments in their selection of keywords for retrieving fragments in sets A and B. The stories
used in this task were from all topic categories involved in the study.

The subjects were also not timed or physically observed, besides mechanisms in the
interfaces. They were asked to finish the entire task within 48 hours, but extensions were
liberally given. The task was designed in such a way that it provided the subjects with the
flexibility of choosing whether to perform all of the query submissions at once or gradually

according to their schedules.

3.9.3.3 Gathering of Saved Information

Using the saved data sets resulting from the automatic submission of the queries devised by the
Subject Group C subjects (step 6 above) the test administrator extract some information. As part
of this process, the following items were associated with each query:

e the web page containing the Information Fragment for which the query was devised by a
Group C subject — for reference we call this web page P1
e the web page containing the Information Fragment for which an Information Association
had been established by a Groups A or Group B subject with the Information Fragment in
P1 — for reference we call this web page P2
For each one of the searches the following figures were calculated:

e the total number of web pages retrieved
e the position of P1

o the position P2 (if this web page is at all retrieved by the search)
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e The degree of collocation
Task 3 was designed to allow subjects to perform an activity with which they were

already very familiar. For this reason, neither direct observation nor detailed instructions were
needed. Valuable conclusions were drawn only during the subsequent analysis of the results.
This analysis was meant to shed light on the difference between the way Information Entities and
Information Fragments are handled by Web search engines. For the purpose of this comparison,
we accept that two highly related Information Entities have a short rank difference within the
result set of a Web search engine, if this result set is yielded by a query designed to retrieve the
one of the two Information Entities. The question this task is trying to find an answer for is: does
the same short rank difference occur when we are dealing with Information Fragments instead of
Information Entities? Will a query designed to retrieve a specific Information Fragment residing
within an Information Entity yield a result set with short rank difference between this
Information Entity and one encompassing a highly related Information Fragment? If this is not
the case, we can conclude that Web search engines do not handle relationships between
Information Fragments very well, so there is justification for the use of an infrastructure for
recording and retrieving Information Fragment Associations which can be used to complement a
Web search engine’s results.

A conceivable Web search engine enhancement would involve the attachment of
associated Information Fragments to Web search engine results. A relevance distinction can be
made in these attachments between Information Fragment Associations surrounding the search
engine result snippet and the rest of the Information Fragment Associations belonging to that

Information Entity.
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3.9.4 Task 4 (Recall, Precision and F-measure)

This task was undertaken in order to compare the recall and precision of a search query against a
dataset containing Information Fragment Associations with that of a search against the same
dataset but without Information Fragment Associations.

The task utilized the queries provided by the User Group C subjects. The queries were
submitted by the Test Administrator to the Baseline SPURL collection built by all subjects of
User Group A and User Group B and to the FW collection built by the same groups of subjects.
The total of queries submitted were 6 x 24 - 1= 143 (a fragment pair was not submitted in task 2
because of a broken link issue). The Precision, Recall and F-measure of the searches submitted
to the two systems were calculated and compared, revealing the impact of the presence of
Information Fragment Association.

This task helps determine whether Information Fragment Association offers any benefits
when search queries are performed directly on the content of the Information Fragments. If such
benefit exists, more retrieval options and configurations are available in addition to those
considered by Task 3. Independent searching in subject specific collections may be desirable.
Another possibility may be to provide yet another type of enhancement to web search engine
results, this time by submitting the query in parallel to universal Information Fragment

Association collections and returning the results alongside the search engine results.

3.10 TIMETABLE

Each Task was administered to each subject by appointment. Two appointments were made with

each subject on separate days for each one of the two tasks.
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Task 1 and Task 2 (Groups A and B) took place in the last two weeks of March 2007 and
Task 3 (Group C) took place in the first two weeks of April 2007. Following that, the data were
tabulated, processed and analyzed, and Task 4 was carried out by the Test Administrator. The

results are reported in the next chapter.
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4 STUDY FINDINGS

The tasks assigned to the subjects and the collected data were organized in such a way as to test
the hypotheses for this study, whose headings are presented below again for reference.
e Performance (Hypothesis #1)
e Subject Experience (Hypothesis #2)
e Subject Assessment of the Degree of Usefulness of Fragment Association
(Hypothesis #3)

e Fragment Separation within Search Engine Result Sets (Hypothesis #4)
e Precision of Searches (Hypotheses #5-7)

41 PERFORMANCE

4.1.1 Success Rate of Identification of Matching Fragment

The subjects were able to successfully identify most of the matching fragments using the two
tools. They identified 81.69% of the matching fragments with Baseline and 100% of the
matching fragments with FW. In 15.49% of the observations the subjects failed to identify the
matching fragment with Baseline. In 2.82% of the observations the subjects gave up. Subjects
were told that they could give up after 5 minutes. This option was exercised only in Baseline and

only in 2 occasions.
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Observations in which the
matching fragment was found

Observations in which the
WRONG fragment was found

Observations in which the
subject gave up

Count Percentage Count Percentage Count Percentage
SPURL (Baseline) 58 81.69 11 15.49 2 2.82
FW (Test Tool) 72 100.00 0 0.00 0 0.00

Percentage

100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

Table 2 - Matching Fragment Identification Success

Baseline Test Tool

B Observations in which the
subject gave up

Percentage

Observations in which the

WRONG fragment was
found Percentage

B Observations in which the

matching fragment was
found Percentage

Figure 57 - Matching Fragment Identification Success

A t-test performed on the observations in which the matching fragment was found,

revealing that there is a probability of 0.000094373 that the two tools will perform equally. Since

we used a=0.05 and this figure is much lower, we conclude that the degree of failure with

Baseline is significant enough to support the alternative hypothesis, i.e. that Information

Fragment Association would improve the retrieval process. The rate of failure with Baseline will

be higher in non-laboratory setting because a larger number of bookmarked resources will have

more similar but not relevant items, which increases the possibility of selecting the wrong item.
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4.1.2 Actions Performed Prior to Identifying the Matching Fragment in Baseline

Because of the lack of Fragment Association capabilities in Baseline, subjects had to use other
techniques available to them in order to compensate. The two techniques readily available to
them were:

e Keyword Searching (Performed in 73.24% of the cases)

e Browsing (Performed in 26.76% of the cases)

4.1.2.1 Keyword Searching in Baseline
We use the number of keyword searches performed in Baseline by subjects prior to identifying
the matching fragment as one of the indicators of the retrieval difficulty. User productivity
suffers when one is forced to perform several searches before finding the matching fragment.
Most subjects (73.24%) used keyword searches in Baseline to find the matching fragment. Their
queries were based on the first fragment and in most of the cases the full text of the first story.

The number of bookmarked resources used in this Study was lower than the number of
bookmarks an average user is expected to have accumulated in a real life scenario. This means
that with fewer resources to sift through in pursuit of the matching fragment, the identification of
the matching fragment in our Study should have been relatively easy. However, as the results of
the count of keyword searches performed in each observation demonstrate, this was not a
straightforward process. This puts Baseline in an even more significant disadvantage.

With the reasonable expectation that the process of identifying the matching fragment
would have been even more arduous had the number of bookmarked resources been large, the

results support the alternative hypothesis that Fragment Association would improve the retrieval
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process, as it would obviate the need of performing a series of unnecessary keyword searches in

order to navigate between two interrelated Information Fragments.

Mean of keyword searches performed prior to
identifying the matching fragment in Baseline

6.00

3

S 5.00

8

» 4.00

e

o

g 3.00

>

< 200

]

5 1.00 I

o)

g 0.00

> Observation | Observation | Observation | Observation | Observation | Observation

1 2 3 4 5 6

B Mean 4.55 3.56 4.56 2.89 1.63 3.75
SD 4.63 3.84 5.27 3.69 1.77 2.92

Figure 58 - Keyword Searches Performed

4.1.2.2 Browsing in Baseline

Some subjects opted for using browsing in order to identify matching fragments in Baseline (in
26.76% of the cases). Although this would have been a very inefficient technique in real life
because of a large number of bookmarks, the relatively small set of bookmarks in this case
allowed browsing to be a viable option. The number of Information Fragments viewed during
this process prior to identifying the matching fragment has been recorded and the mean of each
observation is presented in Figure 59. Baseline allowed the subjects to scan a list of fragment
titles, and selectively open an Information Fragment to view its content prior to making the
determination of whether it was the matching fragment. The results indicate that subjects were
forced to view the content of several Information Fragments prior to finding the matching

fragment, because browsing the titles alone was not sufficient. The more Information Fragments
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the subjects had already opened and viewed, the fewer they had to view again. This accounts for
the fact that Observation 3 (the third observation using their own Information Fragments) and
Observation 6 (the third observation using Information Fragments defined by others) required

them to open less Information Fragments for viewing.

Mean of fragments viewed in Browsing prior to

14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

identifying the matching fragment in Baseline

Observation
1

Observation
2

Observation
3

Observation
4

Observation
5

Observation
6

Number of Fragments Viewed

® Mean

8.25

10.67

1.33

12.00

7.67

1.67

SD

4.57

7.37

0.58

8.66

6.11

1.15

Figure 59 - Fragments Viewed in Browsing

4.1.3 Matching Fragment Viewing

This section reports on data collected merely because they offer an interesting picture of the use
of the two tools in this test. The data do not support or refute any of the hypotheses. The task of
the subjects was to move from one Information Fragment to the other. The techniques to be

employed were left up to them.
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Figure 60 - Matching Fragment Viewing in SPURL (Baseline)
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Figure 61 - Matching Fragment Viewing in FW (Test Tool)

During the process of finding the matching fragment, the subjects had the option of
looking only at the Information Fragment or bringing up and viewing the entire body of the

Information Entity (news story). Some of them viewed both the Information Fragment and
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Information Entity. Their actions were counted and the analysis speaks more of the interfaces
than of the Fragment Association functionality.

As shown in Figure 60, in order to identify the matching fragment subjects who used
Baseline brought up the Full-Text of the story in 67.61% of the observations. In 12.68% of these
observations the subjects viewed both the matching fragment out of context and the Full-Text,
and in 54.93% of these observations the subjects viewed only the Full-Text without looking at
the matching fragment out of context.

Figure 61shows that the Information Fragment was viewed in FW in 100% of the
observations. Although the presence of Information Fragment Association makes it not necessary
to view the Full-Text for finding the matching fragment, in 26.39% observations, the subjects
decided to view the Full-Text of the story. In 13.89% of the cases, they went one step further and
clicked on a button allowing them to view the Information Fragment in context.

The results are consistent with what one would expect given the respective interfaces.
Since Baseline did not offer Information Fragment Association and subjects needed to find a way
of retrieving the matching fragment, they were forced to open the Full-Text, often several times.
This was not necessary with FW, because it conveniently presented the two Information
Fragments side-by-side. This explains the performance differences between the two tools.
Viewing the matching fragment in context was not an option in Baseline. This may have been a

factor for those few subjects in their expression of the degree to which they enjoyed the process.

137



4.1.4 Task 1 Completion Times

In Task 1 the subjects were given two related Information Entities and asked to identify and
submit related Information Fragments using Baseline and FW. In the case of FW, they were at

the same time establishing a Fragment Association between the two Information Fragments.

By Fragment Pair By Subject
Fragment | Baseline Test . Baseline Test
Pair Mean Tool Subject Mean Tool
Mean Mean
1 33.55 25.00 Group A - 1st Subject | 19.77 13.31
2 29.62 27.11 Group A - 2nd Subject | 37.93 27.88
3 36.26 24.94 Group A - 3rd Subject | 25.93 12.60
4 52.52 21.02 Group A - 4th Subject | 40.79 28.34
5 31.11 21.57 Group A - 5th Subject | 40.25 22.25
6 30.75 21.60 Group A - 6th Subject | 27.93 18.91
7 24.39 18.49 Group B - 1st Subject | 24.81 27.02
8 29.50 19.12 Group B - 2nd Subject | 15.04 11.19
9 26.26 20.14 Group B - 3rd Subject | 23.31 17.38
10 34.91 20.99 Group B - 4th Subject | 38.14 23.86
11 23.99 20.81 Group B - 5th Subject | 51.99 30.95
12 24.24 19.09 Group B - 6th Subject | 31.21 26.18
t 5.220767

P(T<=t) one-tail | 0.000143
Table 3 - Task 1 Completion Times

It was expected that there would be no difference between the completion times of the

two tools because the process was fairly similar. However, the results are consistently displaying
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better completion times with FW, in spite of the fact that FW performed an additional function,
that of Fragment Association.

A Paired t-Test for the means of each observation was used to test the hypothesis, as
shown in Table 3.

The null hypothesis in this case is that the time needed for defining and submitting the
two Information Fragments would not be different using a Fragment Association tool than using
Baseline. In other words, the null hypothesis is that the difference of the means would be zero.
After calculating t and the one-tail value of p for 0=0.05, we find out that p is 0.000143 which is

much smaller than 0.05, so the null hypothesis is rejected.
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Figure 62 - Task 1 Completion Times
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4.1.5 Task 1 Completion Times — By Topic

The stories given to the subjects were in 4 basic topic areas:

e International (mostly covering the Iran nuclear issue)
e Eventsin Iraq
e U.S. Politics

e Miscellaneous News
The analysis in this section is performed in terms of these topics. Because the time spent
reading the stories (i.e. the time prior to the determination of which two Information Fragments
to use) was not being counted, what we see here is the extent to which the complexity, or more

generally the content of the story, has affected the mechanics of fragment definition and

submission.
By Topic
SPURL FW
Topic (Baseline) (Test Tool)

Mean Mean
International 33.14 25.68
Iraq 38.12 21.40
U.S. Politics 26.72 19.25
Misc. News 27.71 20.29

Table 4 - Task 1 Completion Times - By Topic

Moreover, we observe that in the case of FW, times for all topics were approximately the
same with the exception of International. The reason might be because the International stories
were the first assigned to each subject, when the subject was still in the process of familiarizing
himself or herself with the process. The same longer time for International stories in Baseline
might be because of the same reason too. When it comes to the rest of the topics in Baseline
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however, we cannot fail to notice that the figure for stories about events taking place in Iraq is
significantly higher. One possible interpretation is that the stories about events in Irag were more
repetitive, more unpleasant and more complex on account of the dense narration of war events
and mention of multitude of unfamiliar places. We can therefore surmise that this kind of
complexity has affected the process of Information Fragment definition and submission and that

this happened only in Baseline.
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Figure 63 - Task 1 Completion Times - By Topic

4.1.6 Task 2 Completion Times

In Task 2, the subjects were given Information Fragments along with their encompassing
Information Entities and were asked to find the matching Information Fragment and Information
Entity. They had to match 12 pairs altogether, 6 using Baseline and 6 using FW. Of those 6 pairs,
3 pairs were the Information Fragments previously defined by the same subject, and the other 3

pairs were defined by somebody else. The data analyzed here is related to Hypothesis #1.
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4.1.6.1 All Subjects - Own Fragments

The subjects were first given the Information Fragments they had defined themselves

SPURL FW P(T<=t)
Fragment (Baseline) (Test Tool) t o
one-tail
(seconds) (seconds)
First Own Fragment 273.45 110.08
Second Own Fragment 152.75 35.37
Third Own Fragment 126.85 19.03
All Own Fragments 184.35 54.83 3.63415765 | 0.00196399
Table 5 - Task 2 Completion Times - All Subjects
SPURL (Baseline) FW (Test Tool)
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In the charts above, “0” indicates an Outlier and “*” an Extreme value.
Outliers are values between 1.5 IQR’s and 3 IQR’s from the end of a box.
Extreme Values are values more than 3 IQR’s from the end of a box.
IRQ (interquartile range) is the difference between the 75th and 25th percentiles and corresponds to the length of the box.

Figure 64 - Task 2 Completion Times - All Subjects - Own Fragments

The results, displayed in Table 5, indicate that the subjects were able to perform their
assigned task significantly faster in FW than in Baseline. A Paired t-Test for the means of each

observation was used to test the hypothesis. The null hypothesis in this case was that the time
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needed for retrieving an associated Information Fragment would not be shorter using a fragment
association tool than using Baseline. In other words, the null hypothesis was that the difference
of the means is zero. After calculating t and the one-tail value of p for a=0.05, we find out that p
is smaller than 0.05, so the null hypothesis is rejected. This performance difference can also be
seen in Figure 64 which presents the value ranges for the completion times of the process of
retrieval of the Information Fragments subjects had previously defined themselves. The two plots
show that completion times in both tools decrease as the subject moves from the first
Information Fragment to the second and then the third. We also see that for each observation, the
completion time with Baseline (SPURL) is longer than with the test tool (FW). In the case of
FW, we also observe two outliers (marked with a “0” on the plot) and one extreme value
(marked with an “x” on the plot), which may suggest that in those particular instances the subject
encountered some difficulties which were not characteristic of the performance of the tool in
general. Content difficulties and the subject’s careless handling of the timer contributed to these

outliers.

4.1.6.2 All Subjects - Fragments Defined by Others

The subjects were then given the Information Fragments others had defined.

SPURL FW P(T<=t)
Fragment (Baseline) (Test Tool) t .
one-tail
Mean Mean
First Others' Fragment 123.82 38.72
Second Others' Fragment | 114.62 38.67
Third Others' Fragment 78.51 21.90
All Others' Fragments 105.39 32.94 3.7496907 | 0.00160582

Table 6 - Task 2 Completion Times - All Subjects — Fragments Defined by Others
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In the charts above, “0” indicates an Outlier and “*” an Extreme value.
Outliers are values between 1.5 IQR’s and 3 IQR’s from the end of a box.
Extreme Values are values more than 3 IQR’s from the end of a box.
IRQ (interquartile range) is the difference between the 75th and 25th percentiles and corresponds to the length of the box.

Figure 65 - Task 2 Completion Times - All Subjects - Fragments Defined by Others

This part was meant to simulate the real-life use of shared social bookmarking. As
expected, the first observation took longer than the other observations, as subjects used some
time to familiarize themselves with the retrieval functionalities of the two tools. The rest of the
observations, as Figure 65 reveals, are more in line with each other and they demonstrate a
consistently significant difference between Baseline and FW. This is the case in spite of the fact
that the number of bookmarks used in this test was deliberately kept very low so as to ensure that
subjects might not face insurmountable difficulties using Baseline. The difference demonstrated
here would have been substantially larger had a larger number of resources been bookmarked.

The test attempted to determine whether a subject would be able to retrieve Information

Fragments s/he had previously defined more easily than Information Fragments defined by
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somebody else. Contrary to what was expected, completion times for one’s own Information
Fragments were longer than completion times for others’ Information Fragment. Three factors
seem to have contributed to this outcome. First, there was a time lag (usually two days) between
Task 1 (the definition of the Information Fragments) and Task 2 (the retrieval). Although the
time lag sounds small, subjects probably still did not recollect very well the content details of the
stories. Second, the content was not distinctive enough so as to be particularly memorable. Third,
any potential benefits of recollection may have been counteracted by the fact that the subjects
were ask to retrieve their own Information Fragments before retrieving Information Fragments
defined by others. This means that they were increasingly becoming more familiar with the
process by the time they got to retrieving others’ Information Fragments.

We had three outliers (marked with a “0” on the plot) with Baseline and four extreme
values (marked with an “x” on the plot) in FW, which may suggest that in those particular
instances the subject encountered some difficulties which were not characteristic of the

performance of the tools in general. Content difficulties and the subject’s careless handling of the

timer contributed to these outliers.

4.1.6.3 Female Subjects — Own Fragments

Since female subjects seemed to approach the test differently than male subjects, a
separate data analysis (see Table 7 and Figure 66) was performed in order to shed some light on
these differences. We observed through our Study that female subjects generally approached the
test with more maturity, spending more time in the beginning to familiarize themselves with the
functionality of the two tools and with the contents of the resulting screens. We therefore see a
more smooth progression in each observation, which reveals performance improvement in both

tools. However, performance was consistently better with FW. A t-test performed on the all
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observations revealed that there is a probability of 0.01916362 that the two tools will perform
equally. Since we used a=0.05 and this figure is lower, we conclude that there is significant
performance difference between the two tools when used by female subjects in retrieving their

own Information Fragments.

Female Subjects
SPURL FW
Fragment (Baseline) (Test Tool) t P(T<_t.)
one-tail
Mean Mean
First Own Fragment 325.88 127.60
Second Own Fragment 169.86 30.95
Third Own Fragment 61.93 17.55
All Own Fragments 185.89 58.70 2.79259454 | 0.01916362
Table 7 - Task 2 Completion Times - Female Subjects
Female Subjects
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Figure 66 - Task 2 Times - Female Subjects — Own Fragments

As Figure 66 demonstrates, female subjects exhibited that they were able to improve their
performance as they were becoming more familiar with the tools and to retain the memory of

their own fragments.
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4.1.6.4 Female Subjects — Fragments Defined by Others

A similar picture was observed in the case of Information Fragments defined by others. Times
were progressively improving with FW having a significant advantage over Baseline throughout
the test. A t-test performed on the all observations revealed that there is a probability of
0.0251785 that the two tools will perform equally. Since we used 0=0.05 and this figure is lower,

we conclude that there is significant performance difference between the two tools when used by

female subjects in retrieving Information Fragments defined by others.

Female Subjects

SPURL FW P(T<=t)
Fragment (Baseline) (Test Tool) t .
one-tail
Mean Mean
First Others' Fragment 160.50 16.56
Second Others' Fragment 87.60 22.97
Third Others' Fragment 47.87 19.61
All Others' Fragments 98.66 19.71 2.56472097 | 0.0251785

Table 8 - Task 2 Completion Times - Female Subjects
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Figure 67 - Task 2 Times - Female Subjects - Fragments Defined by Others
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4.1.6.5 Male Subjects — Own Fragments

The results from male subjects were more erratic. We do not see the same kind of smooth
progression in each observation that we have seen in the case of the female subjects. A t-test
performed on the all observations revealed that there is a probability of 0.03833123 that the two
tools will perform equally. Since we used 0=0.05 and this figure is lower, we conclude that there
is significant performance difference between the two tools when used by male subjects in

retrieving their own Information Fragments.

Male Subjects
SPUBL FW (Test P(T<=t)
Fragment (Baseline) t .
Tool) Mean one-tail
Mean
First Own Fragment 221.02 92.55
Second Own Fragment 135.65 39.80
Third Own Fragment 191.77 20.51
All Own Fragments 182.81 50.95 2.22481901 | 0.03833123

Table 9 - Task 2 Completion Times - Male Subjects

Male Subjects
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Figure 68 - Task 2 Completion Times - Male Subjects — Own Fragments
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4.1.6.6 Male Subjects — Fragments Defined by Others

Male Subjects

SPUBL FW (Test P(T<=t)
Fragment (Baseline) t .
Tool) Mean one-tail
Mean
First Others' Fragment 87.14 60.89
Second Others' Fragment | 147.05 57.52
Third Others' Fragment 109.15 24.19
All Others' Fragments 112.53 46.94 2.55223257 | 0.02556352

Table 10 - Task 2 Completion Times - Male Subjects

Only one fact remains consistently true in the data gathered from male subjects: the FW times
are significantly lower that the corresponding Baseline times. A t-test performed on the all
observations revealed that there is a probability of 0.02556352 that the two tools will perform
equally. Since we used a=0.05 and this figure is lower, we conclude that there is significant

performance difference between the two tools when used by male subjects in retrieving

Information Fragments defined by others
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Figure 69 - Task 2 Completion Times - Male Subjects - Fragments Defined by Others

149




4.1.6.7 Male — Female Subject Comparison
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In the charts above, “0” indicates an Outlier and “*” an Extreme value.
Outliers are values between 1.5 IQR’s and 3 IQR’s from the end of a box.
Extreme Values are values more than 3 IQR’s from the end of a box.
IRQ (interquartile range) is the difference between the 75th and 25th percentiles and corresponds to the length of the box.

Figure 70 - Task 2 Completion Times - All Subjects - Own Fragments

There were more outliers and extreme readings among male subjects than among female. The
outliers and extreme readings in the case of FW (the Test Tool) belong to a single male subject
who was failing to observe all of the contents of the result pages and was moving quickly around

the interface until he was finally successful in viewing the matching Information Fragment.
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In the charts above, “0” indicates an Outlier and “*” an Extreme value.
Outliers are values between 1.5 IQR’s and 3 IQR’s from the end of a box.
Extreme Values are values more than 3 IQR’s from the end of a box.
IRQ (interquartile range) is the difference between the 75th and 25th percentiles and corresponds to the length of the box.

Figure 71 - Task 2 Completion Times - All Subjects — Fragments Defined by Others

4.2 FRAGMENT SEPARATION WITHIN SEARCH ENGINE RESULT SETS

(TASK 3)

In Task 3, a group of 6 subjects (Group C) were each presented with 24 Information Fragments
and asked to construct, test and submit queries retrieving the Information Entities containing
those Information Fragments (one of the subjects was given only 23 fragments). Each one of
these Information Fragments was the first part of a pair of Information Fragments previously

selected and associated by Groups A and B. The objective of this test was to determine:
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e whether the queries devised by the members of Group C yielded the Information
Entity containing the matching Information Fragment (the second part of the pair)

e in the cases in which the matching Information Fragment was retrieved, the
distance between the Information Entities containing the two Information
Fragments within the result set

4.2.1 Retrieval and ‘Specific’ Queries

Among the 143 queries submitted by Group C, only 25, or 17.5% yielded results containing the
second Information Fragment. A possible interpretation of this outcome is that the 118 queries
whose result sets did not contain the matching fragment were primarily ‘specific’ queries, i.e.
queries yielding smaller result sets therefore they give much less room to contain the matching

fragment than more generic queries. Further analysis of the data supports this interpretation.

Number of Queries with Result Length between 1-50 58
Number of Queries with Result Length between 50-100 13
Number of Queries with Result Length between 100-150 7
Number of Queries with Result Length between 150-200 6
Number of Queries with Result Length between 200-250 4
Number of Queries with Result Length between 250-500 9
Number of Queries with Result Length between 500-1000 7
Number of Queries with Result Length > 1000 14

Table 11 - Result Set Length — Matching Fragment NOT Retrieved

As Table 11 and Figure 72 demonstrate, 71 of queries yield short result sets (less than
100). Smaller result sets may explain the absence of the matching resource. However, there are
still 47 queries with result sets larger than 100, which we cannot consider to be very ‘specific’.

The search engine simply fails to retrieve the matching fragment which supports the fourth

alternative hypothesis.
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Whether the presence of matching fragments within search engine results is useful to
users or not is something to be determined by future studies. The current study clearly
demonstrates the inadequacies of search engines regarding Information Fragments, which
provides justification for such future studies. Of course, such studies will be possible only if
some solution is introduced. If Information Fragment Associations are stored in a public registry,
that information can be used to easily insert the matching fragment within a search engine’s

results.
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Figure 72 - Result Set Length — Matching Fragment NOT Retrieved

It should be noted that in the case of queries yielding result sets larger than 1000, the
above results are inconclusive because for practical purposes only the first 1000 items were
retrieved and examined.

Also as expected, 20 out of the 25 queries which yielded result sets containing the
matching Information Entity have result sets larger than 100, as Table 12 and Figure 73 clearly

demonstrate.
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Number of Queries with Result Length between 1-50 4
Number of Queries with Result Length between 50-100 1
Number of Queries with Result Length between 100-150 1
Number of Queries with Result Length between 150-200 0
Number of Queries with Result Length between 200-250 2
Number of Queries with Result Length between 250-500 1
Number of Queries with Result Length between 500-1000 4
Number of Queries with Result Length > 1000 12

Table 12 - Result Set Length — Matching Fragment Retrieved

Again it should be noted that all 25 of these result sets contained the matching
Information Entity within the first 1000 items because that was the extent to which result sets

were examined.
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Figure 73 - Set Length — Matching Fragment Retrieved
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4.2.2 Nature of queries

In an effort to identify possible ways of measuring the specificity of queries it was deemed useful

to consider the nature of the query submitted by the subject. The “nature” of the query is defined

by the types of its components, i.e. simple keywords or phrases. Some subjects used only words,

others used a phrase or multiple phrases and others used a combination of phrases and words. A

phrase in the query is a string of words surrounded by quotes, indicating that these words are

being searched in that exact order within a document. Table 13 provides a count of queries

falling in these three categories.

Number of Queries using Both Phrase(s) and Words | 19

Number of Queries using Phrase(s) only 74

Number of Queries using Words only 50

Table 13 - Types of Queries

The availability of this information prompted for measuring the correlation between the

number of words or number of phrases used in the queries and the reported size of the result set.

More detailed data used in this section are included in O.

Pearson Correlation

Correlation Coefficient
Between the Number of Words in Query and Total of Result Set -0.25633
Between the Number of Phrases in Query and Total of Result Set -0.089
Between the Number of Words in Query and Total of Result Set (applied only -0.10626
against subset of queries returning the second fragment) '
Between the Character Length of the Largest Phrase in Query and Total of Result Set -0.14686
Between the Sum of Character Lengths of Phrases in Query and Total of Result Set -0.18045
Between the Number of Words in Query and the Fragment Character Length -0.15778
Between the Maximum Phrase Character Length in Query and the Fragment -0.25334
Character Length '
Between the Total Phrase Character Length in Query and the Fragment Character -0.19535

Length

Table 14 - Query Correlations
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The calculations, as appearing in Table 14, indicate that the correlation of the number of
words or phrases in the query and the total of the result set is weak. Even correlations between
the character length of the largest phrase in the query and the total of the result set and between
and the sum of the lengths of phrases in a query and the total of the result set are weak.

Another correlation examined, not necessarily related to the outcome of the query, was
the one between the character length of the phrases and the character length of the Information
Fragment from which the query had been constructed. It appears that this correlation is also
weak, suggesting that the determination of the queries was not affected by the size of the passage

the Group C subjects had available to them but rather the content of passage.

4.2.3 Distance between Associated Information Fragments

Distance
Query between Truncated Actual
Number matched Total Total
items
18 69 1000 68
19 719 1000 19
53 85 1000 14
54 502 526 52
55 210 1000 19
56 3 1000 19
60 26 1000 42
61 2 643 64
62 2 1000 52
72 94 683 68
73 587 1000 25
79 27 47 47
82 149 1000 53
84 14 93 93
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Distance
Query between Truncated Actual
Number matched Total Total
items
90 1 130 13
93 45 212 21
99 145 228 22
109 2 24 24
112 8 44 44
116 36 36
122 927 1000 10
123 25 657 65
131 216 1000 56
133 71 1000 50
136 7 265 26

Table 15 - Distance between Matched Items

Table 15 lists the 25 queries which retrieved the matching Information Fragment. The “Query
Number” column refers to the numbers of the queries as listed in 0. The “Truncated Total”
column lists the values of the “Actual Total” truncated to 1000 where the value exceeds 1000.
Among those 25, the mean of the distances between associated items was 157.52, which for all
practical purposes is too long a distance to allow ordinary users easy retrieval of items they had
considered as having some kind of relationship.

Figure 74, using the data in Table 39 presents the count of pairs of Information
Fragments by the number of pages separating them within the result set. Two Information
Fragments are arbitrarily defined as being in the same page if their distance within the result set
is 10 or less, where 10 is the usual number of results in most Web search engine result pages.
The number of pages between two Information Fragments is calculated as the rounded down
result of the division of the distance by 10. We see that only 8 of these pairs (5.6% of the total

number of pairs and 32% of the pairs for which the second Information Fragment was found) are
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found to be in the same page which is lower than 75% and strongly supports the fourth

alternative hypothesis.

Page Separation Between Paired
Fragments

Pairs with separation of over 50 pages
Pairs with separation of 11-50 pages
Pairs with separation of 5-10 pages
Pairs with 4 page separation

Pairs with 3 page separation '

Pairs with 2 page separation

Pairs with 1 page separation

Pairs on the same page

0 2 4 6 8

Number of Pairs

Figure 74 - Page Separation between Paired Fragments

Other than the effect of the query specificity noted earlier, no other pattern has been
found in the data available here. No attempt to explain the differences between these distances is
made here. The only conclusion derived here is that two Information Entities containing
Information Fragments determined to be related by actual users will often either not appear

together at all or be fairly far apart in result sets of traditional search engines.
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4.2.4 Query Count before Query Submission

Another measurement taken during this task was the activity of the subjects as they were
browsing in order to construct their search queries. Although the information collected was not
relevant to the hypotheses at hand, it seems fitting to report here.

Number of Queries Performed Prior to Query
Submission
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Figure 75 - Number of Queries Performed Prior to Query Submission

The results in Figure 75 indicate that in most of the cases subjects used only one query in
preparation for their final query submission. This suggests that they tended to be as specific as
possible and they were successful in retrieving their targeted resource close to the top of the

result set.

4.25 Visits Count

Another measurement taken was the number of visits to specific web pages (i.e. views of the
full-text) during the process of query construction for a given fragment. Throughout this process,

the subjects’ visits to specific web pages were recorded. A ‘visit’ is defined as the event of
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clicking on a link in the result set of a search query for the purpose of viewing the full content of

the resource (instead of just the snippet offered in the result set). The results of this measurement

are presented here:

Mean Number of Visits per Query

Mean Number of Visits for each Query
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Figure 76 - Visits Count

Query Visits Mean | Visits SD
1st Query 3.00 2.37
2nd Query 1.33 1.03
3rd Query 0.50 0.84
4th Query 1.00 1.55
5th Query 0.17 0.41
6th Query 0.50 1.22
7th Query 0.17 0.41
8th Query 0.83 0.75
9th Query 0.50 0.84
10th Query 1.00 2.00
11th Query 0.33 0.52
12th Query 0.67 0.82
13th Query 0.17 0.41
14th Query 0.67 1.21
15th Query 0.17 0.41
16th Query 0.17 0.41
17th Query 0.50 0.84
18th Query 0.33 0.52
19th Query 1.00 1.55
20th Query 0.83 1.60
21st Query 0.67 1.21
22nd Query 0.33 0.52
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Query Visits Mean | Visits SD
23rd Query 0.50 0.55

24th Query 0.17 0.41
Table 16 - Visits Count

The results indicate a relatively low number of visits to the full content of the resources.
This means that in most cases subjects felt comfortable with the information they were receiving
in the snippet presented to them as part of the result set. The disproportionably higher number of
visits during the first query construction can be attributed to the subjects’ desire to familiarize
themselves with the information available to them. Once they started feeling comfortable using
the information provided to them in the snippets, they resorted to visiting the resource only when
necessary.

In order to better understand the reasons behind a subject’s choice to visit the full content
of a resource during the query construction process, the count of visits has been broken by Topic.
Figure 77 demonstrates the number of full content visits for each one of the four Topic categories

used in this study.

Total Number of Visits per Topic
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Figure 77 - Visits per Topic
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The fact that the visits count for International stories is high is no surprise, because

International stories were presented to the subjects first, and as noted above, their tendency to

view the full content may have been the result of their desire to explore.

SUBJECT EXPERIENCE

In addition to performance measures, the test has been measuring the reactions of subjects at

several points using brief questionnaires in order to test the truth or not of Hypothesis #2.

4.3.1 Task 1 Questionnaire Responses — Subject Experience

The questions were presented with 7-point Likert scales:

o How difficult was it to define a fragment in ?
o How helpful was in accomplishing the task of defining fragments?

o How enjoyable was using for accomplishing this task?

The responses were comparable between the two Tools, slightly favoring FW. The means

of the responses are:

2-tailed
Baseline FW Baseline FW Mann-Whitney 7 Asymptotic
Mean Mean SD SD U Significance
(p)
Easy 4.45 4.73 1.21356 1.190874 51.500 -0.618 0.536
Helpful 4.09 4.18 1.30035 1.250454 57.500 -0.203 0.839
Enjoyable| 3.73 4.18 1.272078 1.167748 47.000 -0.927 0.354

Table 17 - Task 1 Questionnaire Responses — Subject Experience

A non-parametric Mann-Whitney test was applied against these responses:
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For the subject assessment of how easy to use the tools were, the test produced a 2-tailed

5.00 -
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4.00 -
3.50 A
3.00 A
2.50 A
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1.50 -
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0.50 -
0.00 T T 1
Easy Helpful Enjoyable
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Figure 78 - Task 1 Questionnaire Responses — Subject Experience

asymptotic significance level of p=0.536 which means that there is no significant difference
between the results of the responses for the two tools. Similarly, the test of the assessment of
how helpful the tools were, produced a significance level of 0.839 and the test of assessment of
how enjoyable the tools were, produced a significance level of 0.354. Because of this, the null
hypothesis Hi.o cannot be rejected. Therefore the subjects’ responses do not prove that subjects
believe that either of the two tools is more easy, helpful or enjoyable than the other in the process

of defining Information Fragments

4.3.2 Task 2 Questionnaire Responses —Subject Experience

Subjects were asked several questions throughout Task 2. They had to answer the same questions
every time they finished one part of the task. The following questions were presented as 7-point
Likert scales:

o Using , how easy was it to find the fragments you had previously defined?
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o How effective was in accomplishing the task of retrieving the fragments?
o How enjoyable was using for accomplishing this task?

The following charts and tables present the results of tallying the responses of the
subjects. Task 2, was designed to show whether bothering to create Fragment Associations has

any benefits. The results demonstrate that there is a clear benefit.

4.3.2.1 Easy to Find

6.00
5.00
4.00
3.00
- .
200 Baseline
Test Tool
1.00
0.00
Easy to Find - Own
Fragments Easy to Find - Others'
Fragments
Figure 79 - Easy to Find
Easy to Find -
Easy to Find - Others'
Own Fragments Fragments
SPURL (Baseline) Mean 2.92 3.17
SPURL (Baseline) STD 1.88 1.53
FW (Test Tool) Mean 5.50 5.25
FW (Test Tool) STD 0.67 1.22
Mann-Whitney U 18 18
Z -3.217141588 -3.194301178
2-tailed Asymptotic Significance (p) 0.001294747 0.001401698

Figure 80 - Easy to Find

A non-parametric Mann-Whitney U test was applied against these responses. The test

produces a 2-tailed asymptotic significance level of 0.001294747 which means that the
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probability that the responses to the two tools are statistically significant at level o < 0.05.
Because of this, the null hypothesis H,.o has to be rejected. Therefore the subjects’ responses
prove that subjects believe that with FW it was significantly easier for them to retrieve the
matching fragment among their own Information Fragments. When it comes to the subjects’
responses about the task of finding the matching fragment created by others, the subjects’
responses again show the significant difference between their views of FW and Baseline (p =

0.001401698 in Mann-Whitney test), so the null hypothesis H,-o has to be rejected again.

4.3.2.2 Effective
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Figure 81 - Effective

Effective - Own Effective - Others'

Fragments Fragments
SPURL (Baseline) Mean 3.83 3.50
SPURL (Baseline) STD 1.850470866 1.314257481
FW (Test Tool) Mean 5.83 5.33
FW (Test Tool) STD 0.389249472 0.887625365
Mann-Whitney U 23 18
yA -3.093924621

-3.212682624

2-tailed Asymptotic Significance (p)

0.001975277

0.001315015

Figure 82 - Effective
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A non-parametric Mann-Whitney U test was applied against these responses. The test
produces a 2-tailed asymptotic significance level of 0.001975277 which means that that the
responses to the two tools are statistically significant at level a < 0.05. Because of this, the null
hypothesis H..o has to be rejected. Therefore the subjects’ responses prove that subjects believe
that FW was significantly more effective for retrieving the matching fragment among their own
Information Fragments. When it comes to the subjects’ responses about the task of finding the
matching fragment created by others, the subjects’ responses again show the significant
difference between their views of FW and Baseline (p = 0.001315015 in Mann-Whitney test), so

the null hypothesis Hy.o has to be rejected again.

4.3.2.3 Enjoyable

5.00
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4.00
3.50
3.00
2.50
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0.50
0.00

M Baseline

Enjoyable - Own
Fragments Enjoyable - Others'
Fragments

Table 18 — Enjoyable
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Enjoyable -
Enjoyable - Own Others'
Fragments Fragments
SPURL (Baseline) Mean 2.92 3.33
SPURL (Baseline) STD 1.62 1.61
FW (Test Tool) Mean 4.67 4.67
FW (Test Tool) STD 1.15 0.89
Mann-Whitney U 26.5 34.5
yA -2.686594199 -2.248221676
2-tailed Asymptotic Significance (p) 0.007218459 0.024562058

Table 19 - Enjoyable

A non-parametric Mann-Whitney U test was applied against these responses. The test
produces a 2-tailed asymptotic significance level of 0.007218459 which means that that the
responses to the two tools are statistically significant at level o < 0.05. Because of this, the null
hypothesis Ha.o has to be rejected. Therefore the subjects’ responses prove that subjects believe
that using FW was significantly more enjoyable for retrieving the matching fragment among
their own Information Fragments. When it comes to the subjects’ responses about the task of
finding the matching fragment created by others, the subjects’ responses again show the
significant difference between their views of FW and Baseline (p = 0.024562058 in Mann-
Whitney test), so the null hypothesis H,.o has to be rejected again.

The responses to all three questions strongly support the alternative hypothesis that
Information Fragment Association would improve information retrieval. It can be argued that the
responses are not exclusively based on the Information Fragment Association capability. They
may be partially dependent on interface design. This may indeed bear some truth, but the bottom
line is that any interface design advantages an Information Fragment Association capable tool
has are primarily due to its employment of Information Fragment Association and far less on

other factors.
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44  SUBJECT ASSESSMENT OF THE DEGREE OF USEFULNESS OF FRAGMENT

ASSOCIATION

The degree of usefulness of Fragment Associations to the subjects was assessed with simple
questions using 7-point Likert scales.
In Task 1 the following question was asked:

e How useful is the feature allowing the connection of two fragments?
o The mean of the responses was 4.55

In Task 2 the following questions were asked:

e How useful is it to you to be able to see two related fragments side by side?

e How useful is it to you to have the ability to navigate from one fragment to the other?

The results were counted separately for the responses after retrieving one’s own
fragments and after retrieving fragments associated by others. The figures are roughly similar. It
seems that the subjects responded very positively about the usefulness of the fragment

association provided in FW.

Useful to see side-by-side - Own Fragments 5.50

Useful to see side-by-side - Others' Fragments | 5.42

Useful to navigate - Own Fragments 5.17

Useful to navigate - Others' Fragments 5.17

Table 20 - Usefulness - Subject Responses to Questions

A question was posed regarding the capability of having a unique identifier for each
Information Fragment for direct reference, which is an envisioned capability for a framework
supporting Information Fragment Association. As shown in Table 21, the responses were very

positive: 4.8 in a scale from 0 to 6.
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How useful is to you the capability of
having a unique identifier for each
Subject fragment for direct reference?
1 6
2 No response
3 6
4 5
5 5
6 3
7 4
8 5
9 2
10 5
11 6
12 6
Average 4.818181818

Table 21 - Usefulness of Unique Identifier

The usefulness of Information Fragment Association was also determined through free-
text responses the subjects provided regarding their likes and dislikes of the two tools. The only
evaluation that matters as far as the Hypotheses are concerned is that of Retrieval Functionality,
but it was interesting to gather some more information. Obviously the appearance of the hastily
developed Test Tool (FW) was a negative factor, yet in spite of its unpolished facade the
incorporation of Information Fragment Association provided a significantly higher rating of the
Retrieval functionality. The responses are presented here along with their interpretation in four
categories:

e Attractive
e Intuitive

e Display Functionality

e Retrieval Functionality
The results are demonstrated by Figure 83 and the data are listed in Table 41 and Table

42 in 0. Figure 83 portrays the four categories of characteristics on which the subjects provided
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comments in their free-text responses. This treatment is helpful in understanding how these
distinct aspects of the two tools were viewed by the subjects. All four of these categories affected
the overall assessment of usability, but the objective of this Study concentrates only on the fourth
category. The Study is trying to assess the how the presence of Information Fragment
Association affects retrieval functionality. By presenting the responses in this fashion, we get a
clear picture of how valuable Information Fragment Association (present only in the test tool
FW) was for the subjects. We also derive information about these other categories of
characteristics. Since these characteristics may have affected some of the other responses given

by the subjects, this presentation is helpful for viewing those responses in a new light.

Likes and Dislikes

4
: H
0
-2
-4
-6

Positive or negative features

-8
Attractive Intuitive Dls.play . Ret_rleva!Func
Functionality tionality
M Baseline 5 0 4 -7
Test Tool -5 2 10

Figure 83 - Likes and Dislikes

The values in Figure 83 are calculated based on a scheme using 1 for a positive
comment and -1 for a negative comment. The determination of what constituted a positive or
negative comment and what the comment was about was based on several distinct words used by
the subjects in their comments. For example, when a subject mentions liking or disliking the

colors a value of 1 is added or subtracted from the ‘“Attractive” count. When the retrieval
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functionality is called “limited” a value of 1 is subtracted and when called “dynamic” a value of
1 is subtracted. When a subjects mentions liking or disliking one aspect of the data display a
value of 1 is added or subtracted, and so forth.

Usefulness was also assessed by taking into consideration brief casual conversations with
the subjects upon completion of both tasks. Samples from recordings of these conversations can
be found in 0. Although extracting information out of casual comments is an imprecise process,
an attempt is made here to present this information focusing on three areas:

o the subjects’ assessment as to whether Information Fragment Association is useful

e whether the subjects feel that they can use Information Fragment Association now
or in the future

e the positive and negative comments made by the subjects about the two tools they
used in this test

All subjects provided their opinion regarding the usefulness of Information Fragment
Association (Figure 84). 8 subjects found Information Fragment Association useful, one did not,

and two found it useful but their comments were lukewarm.
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Information Fragment Association
Useful?

Yes (lukewarm)
25%

Figure 84 - Information Fragment Association Useful?

Six of the subjects expressed some opinion regarding the possibility that they might use
this functionality in their own work now or in the future (Figure 85). Of the six, three of them
said they could use it, one said it would not be useful, and two others expressed doubt that they

would use it but they suggested that others might use it.

Can Use Now or in the Future

Maybe others
can use it
33%

Figure 85 - Can Use Now or in the Future
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Some of the subjects made positive or negative comments regarding the two systems
(Figure 86). Some of the comments were made in the form of a comparison between the two
tools; some of them were focusing on one tool. More positive than negative comments were
made about both tools, but FW (the Test Tool) had a clear advantage.

The general feeling gathered from these comments is that the majority of the subjects feel
that Information Fragment Association functionality would be useful in general. It is unclear
whether some of them would choose to use Information Fragment Association if it was available
today. Some of them expressed the opinion that it would be useful to them in the future. In
general, most subjects viewed Information Fragment Association as a capability more useful for

research than an alternative to casual bookmarking.

Positive and Negative Comments

12 ~

10 A

M Positive

Negative

Baseline Test Tool

Figure 86 - Positive and Negative Comments
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4.5 PRECISION, RECALL AND F-MEASURE OF SEARCHES - TASK 4

The objective of Task 4 was to determine the degree to which the presence of Information
Fragment Association improved the Precision, Recall and F-Measure of queries within a set of
information resources. This task utilized the queries submitted by the subjects of Group C as well
as the full set of Information Fragments and Information Fragment Associations defined by
Group A and Group B.

In Task 3, the queries were constructed against Live Search. In Task 4 these queries were
submitted to the two tools under examination. Two minor modifications were made to the
queries, namely the removal of the “+” operator and commas after words in order to make the
queries compatible with the tools. Upon submission, the results were recorded as listed in Table
43 and Table 44 in 0. In 19 cases out of the 143 Baseline failed to retrieve anything. Upon
examination, it was discovered that in 16 of these cases the failure was due to its inability to
support single quotes within the query. The desired fragment was actually retrieved with a
modified query in order to verify its existence, and the results of this modified query were used
for the test. The other 3 cases were due to similar small technical inadequacies, and after several
attempts using modified searches the one of the three queries was rendered functional and
counted. FW (the Test Tool) retrieved all 143 Information Fragments.

Because of the specificity of the queries, in most of the cases only one Information
Fragment was retrieved by Baseline and only two Information Fragments (one pair) was
retrieved by FW. This gave FW a big advantage on Recall, but both tools had less than optimal
Recall performance.

The outcome strongly supports the alternative Hypotheses Hs.1, Hg.1 and Hy.s.
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Precision, Recall and F-Measure
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A paired t-test was performed against these measurements shown in Table 22.
When applied against the Precision measurements, the test yielded a p of 0.0821749116
which means that the Precision is not statistically significant at level o < 0.05. Therefore,

Precision achieved by FW is not significantly better than that of Baseline and the null hypothesis

Hs.o cannot be rejected.

However, when applied to the Recall results the test yielded a p of 0.000000000001 and

when applied to the F-measure results the test yielded 0.000000000008, which means that both

Figure 87 - Precision, Recall and F-Measure

the null hypothesis Hs.g and the null hypothesis H7.q have to be rejected.

Table 22 - Parametric Testing for Precision, Recall and F-Measure

P(T<=t)

two-tail
Precision 0.082174911583
Recall 0.000000000001
F-measure 0.000000000008
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46  STRENGTHS AND WEAKNESSES OF THE TWO TOOLS

4.6.1 Baseline Strengths

SPURL, the tool selected as Baseline, is a good social bookmarking service with useful features.
Although it is not the most popular or trendy among its peers, it is a very representative one. This
study has highlighted some of its strengths and has increased my awareness of particular design
elements which can be considered to be of value for future system design. The two outstanding
strengths that Baseline exhibited in this study were its familiar interface and its compact results

view.

4.6.1.1 Familiar Interface

Baseline offered the subjects with a very familiar interface. All of its components were similar to
just about any other web application they had previously used. This was a tremendous advantage,
as subjects felt more confident in their attempts to discover and take advantage of the

functionality of the interface.

4.6.1.2 Compact Results View

Baseline displayed the result set in a compact view. This means that each item in the result set
was presented in a single line consisting of the title of the Information Fragment, but not the
Information Fragment itself. The Information Fragment could easily be displayed with a click.
This allowed for better examination of the search results and alleviated Baseline’s significant

retrieval shortcomings.
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4.6.2 FW Strengths

FW (the Test Tool) was developed specifically for this study in order to provide a platform
supporting Information Fragment Association. It lacked the polished design of the commercial
tool to which it was being compared, but merely by merit of its incorporation of Information
Fragment Association functionality it has fared significantly better both in the performance and

usability tests.

4.6.2.1 Well-designed Information Fragment Definition Capability

A feature which made FW attractive was how the Information Fragments were defined in it.
Unlike Baseline which accomplished the task with pop-up windows disappearing after the
fragment is submitted, FW presented the user with a visible result of their Information Fragment
definition (see Figure 42). Moreover, it presented the two associated Information Fragments
clearly on a different screen for submission (Figure 43). This contributed to subject satisfaction

in spite of the fact that the process involved an additional action.

4.6.2.2 Solid Information Fragment Definition Performance

Because of the similarity of the process, the two tools were expected to fare equally in
Information Fragment Definition performance tests. However, a paired t-test performed on the
Information Fragment definition completion time results for the two tools revealed that FW

performed significantly better. (see Section 4.1.4).
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4.6.2.3 Strong Matching Fragment Retrieval Performance

This is where the significant advantage of Information Fragment Association manifested itself.
The fact that relationships between specific Information Fragments had been recorded by the
subjects as part of the submission process made possible their immediate association and
retrieval. This built-in capability obviated the need for undergoing the tedious retrieval process
the subjects had to experience with Baseline in order to find related information. As a result, both
the performance (see Section 4.1.6) and the user satisfaction (see Section 4.3.2) were

significantly higher.

4.6.3 Baseline Weaknesses

Baseline fared much worse than expected in this Study. Its two main areas of weakness were in
the poor Information Fragment definition technique and mostly in the lack of Information

Fragment Association capability.

4.6.3.1 Less than Optimal Information Fragment Definition Process

The use of popup windows (Figure 41) for Information Fragment Definition was a negative
factor. Subjects sometimes ended up attempting to resubmit their fragment in order to make sure
it got submitted correctly. One possible way with which this tool can be improved is by
incorporating the submission functionality in internal panels as opposed to using separate popup

windows.
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4.6.3.2 Poor Matching Fragment Retrieval Performance

In spite of the fact that Baseline performs every traditional social bookmarking operation very
well, it lacks the ability allowing the user to define an explicit and specific relationship between
Information Fragments. The study revealed that the impact of the lack of this capability is far
greater than even imagined prior to the beginning of the study. The subjects had considerable
difficulties finding an Information Fragment containing similar information to the one at hand
even though their choice was among only 23 other Information Fragments. In a real life
situation, with real life numbers of bookmarks, finding the matching fragment would have been
like looking for a needle in a haystack, even if the bookmarks were categorized using the

capabilities provided by most of today’s social bookmarking tools.

4.6.4 FW Weaknesses

FW exhibited some shortcomings in spite of its significantly better performance. These
shortcomings were the relative unfamiliarity of the interface, the use of non-hyperlinked URIs in
some displays and the not very obvious result set browsing capability. Moreover, the use of an
Information Fragment Association Interface necessitated the use of one additional screen (see
Figure 43). Although the results of Task 1 indicate that this was not a problem for the subjects, it
is still an additional step. Since, as we see above in Section 4.6.2.3, FW fared very well in
performance and user satisfaction tests in spite of these shortcomings, we can appreciate the

contribution of Information Fragment Association even more.
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4.6.4.1 Unfamiliar Interface

The design of FW consisted of browser sessions embedded into a tabbed interface. Although it
bore a fairly good similarity to modern tabbed browsers, the different feel and look caused the
subjects to pause a little in the beginning. The use of buttons outside the web page display area to
control the display of information and events within the web page display area was a novel
approach and it was not very intuitive to the subjects.

The fact that FW was combining web applications with thick client applications, offered an

interface less familiar albeit more powerful.

4.6.4.2 Use of Non-hyperlinked URIs

The Information Fragment detail page contained a reference to the URI of the Information
Entity, but it did not provide a hyperlink. This was not a serious issue but it appeared odd to two
adventurous subjects who wanted to display the Information Entity. The subjects eventually

found the right button performing that action, but it was not immediately obvious to them.

4.6.4.3 Not Very Obvious Result Set Browsing Capability

FW provided the capability of browsing through specific results or through the entire set of
defined bookmarks, just like Baseline did. However, this capability was not very obvious and
was not used by any subjects. One of the reasons why it was not used was that it was not really

needed, but it probably would have been used by intrigued subjects had it been more visible.
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5 SUMMARY AND DISCUSSION

The goal of this study was to determine whether Information Fragment Association offers
sufficient benefits to warrant further discussion regarding the feasibility of the deployment of an
infrastructure such as the envisioned framework to be presented in Chapter 0 . As a means of
making this determination two tools were selected for comparison: a traditional social
bookmarking tool without Information Fragment Association functionality (e.g. SPURL) and a
test tool, named FW, offering this functionality.

Since our objective has been to study the effect of Information Fragment Association, a
lot of attention has been paid on deemphasizing any other factors. Using two tools in a study,
even two carefully selected tools, inevitably invites comparison between features of these two
tools other than the feature the study focuses on. This certainly did occur in the case of this
study, however, the presence or not of Information Fragment Association functionality

overshadowed all of the other differences.

51 ACCOMPLISHMENTS AND OMISSIONS OF THIS STUDY

This Study set out to meet the following goals, first outlined in Section 3.1:

e Measure the Efficiency of Bookmarking and Retrieving Information Fragments
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e Estimate the Accuracy of Association
e Evaluate User Experience
e Determine the Need for Enhancement of Search Engine Results
e Calculate Recall and Precision of Searches in Social Bookmarking Tools
After the presentation of the study design, the task execution and the exhibit of the

results, we are ready to revisit these goals in order to ascertain whether they have been achieved.

5.1.1 Measurement of the Efficiency of Bookmarking and Retrieving Information

Fragments

Hypothesis #1 was designed in order to provide an answer to the question whether the total time
needed for the entire process of bookmarking and then of retrieving two Information Fragments
within two Information Entities would be shorter if an Information Fragment Association
interface rather than a mainstream social bookmarking tool like SPURL is used. The completion
times for the two tasks assigned to the subjects were used as indicators of performance.

The Hypothesis was successfully tested by analyzing the results of two tasks performed
by subjects. These tasks produced measurements of the efficiency of bookmarking and retrieving
Information Fragment with and without the Information Fragment Association enhancements.
The null hypothesis was rejected both in the analysis of the Information Fragment definition
results (see Section 4.1.4) and in the analysis of the Information Fragment retrieval results (see
Section 4.1.6), suggesting that the tool supporting Information Fragment Association (i.e. FW)
performed significantly better. An encouraging outcome was that there was no performance
penalty in the process of association of the Information Fragments although a small penalty

would have been reasonable.
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The results were analyzed in a variety of ways, not because there was need for further
testing the hypothesis, but rather in order to derive additional useful conclusions. The results of
Information Fragment definition (Task 1) were analyzed by topic. The stories used in the Study
belonged to four topic categories. After performing paired t-tests on the results of all four topics
the null hypothesis was rejected for all of them, with the interesting observation that in the case
of Miscellaneous News the t-test yielded a figure which was lower than the significance level of
0.05 but not as low as the figures for the other topics.

The results of Information Fragment retrieval (Task 2) were analyzed by the original
creator of the Information Fragment pair (i.e. whether the subject was performing the retrieval on
his/her own Information Fragments or somebody else’s). They were also analyzed by male and
female subjects. In all cases the null hypothesis was rejected. An interesting observation was that
female subjects performed a little better with Baseline, but with FW both genders performed
similarly.

Related to performance was the success rate of identification of the matching fragment
(see Section 4.1.1). Counts of the observations in which a correct matching fragment was found,
a wrong fragment was found or the subject gave up. Subjects were able to always find the
matching fragment when Information Fragment Association functionality was in place, but failed
a few times when using Baseline. After performing a paired t-test on the results it was revealed
that the degree of failure with Baseline is significant enough to support the alternative
hypothesis. Information Fragment Association provides a clear advantage.

Another measurement involved the number of keyword searches or number of
Information Fragments viewed during browsing in Baseline prior to identifying the matching

fragment (see Section 4.1.2). This measurement demonstrated the effort subjects had to make in
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order to accomplish this task in Baseline. More effort is expected to be necessary when users are
dealing with large numbers of bookmarks.

In general the conclusions drawn from these measurements demonstrated that there are
substantial benefits to employing Information Fragment Association. These benefits encourage
us to believe that establishing an infrastructure for recording Information Fragment Associations
would be a very useful enhancement to any tool used for information management and retrieval.
This enhancement can conceivably be implemented in these tools by consuming a web service
furnishing the Information Fragment Association data.

The measurements taken involved simple Information Fragment definitions and
associations and did not involve the selection and assignment of any semantic descriptions for
these associations. In other words, the subjects were not asked to establish more complex
relationships, such as “A refutes B”, “A supports B” or “A updates B”. Had this been part of
process, the results may have been slightly different. A further study involving an observation of
the use of assigning semantic descriptions for the content of the Information Fragments as well

as their relationship would be interesting, but more complex to carry out.

5.1.2 Estimation of the Accuracy of Association

This goal attempts to find out the degree to which associating Information Fragments can
provide more content accuracy. If we are searching for a specific piece of information which
happens to be in an Information Fragment, it is more accurate if we search only the Information
Fragment and not the entire Information Entity. The differences in Accuracy of Association
between Information Entities and Information Fragments were adequately measured with the
web searching results. This goal was set without necessarily having Web searching in mind, but
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it was achieved using the Web searching task (Task 3) of this Study. Web search engines search
the entire web page and not a specific Information Fragment in them. It was demonstrated that
there is a significant distance within the search results between two Information Entities
encompassing two interrelated Information Fragments (see Section 4.2.3).

However, the results would have illustrated the issue better had a further test been
performed. It would have been desirable to use the collection of Information Fragment
Associations generated by this study to compare the results of queries performed on the
Information Fragments with queries performed on the entire Information Entities. This would
have produced results more geared to determining the accuracy of association than queries
against the entire universe of Information Entities on the Web.

Because this goal was handled by the same task as the Web search engine enhancement
goal with which it in many ways coincides, more discussion and results analysis is provided in

Section 5.1.4 below.

5.1.3 Evaluation of User Experience

User experience was evaluated with questionnaires and further discussion with the subjects. This
goal was achieved, but the results were perhaps less lucid than in the cases of the other
measurements. A variety of factors other than Information Fragment Association are likely to
have affected these subjective assessments.

Hypothesis #2 was designed to help answer the question whether the overall usefulness
and usability of the process of bookmarking and then of retrieving two Information Fragments
within two Information Entities would be better when using an Information Fragment
Association interface rather than using a mainstream social bookmarking tool.

185



During the Information Fragment definition process (Task 1) subjects were asked to
provide rankings evaluating how easy, helpful and enjoyable each tool was for accomplishing the
assigned task (see Section 4.3.1). A non-parametric Mann-Whitney U test was applied against
the responses, and the results revealed that there is no statistically significant difference between
the two tools in any one of these rankings, even though the tool supporting Information Fragment
Association fared a little better. However, the analysis of the rankings provided during the
Information Fragment retrieval process (See Section 4.3.2) reveals a statistically significant
difference between the ratings for the two tools, demonstrating that FW, the tool with
Information Fragment Association capabilities, provided higher user satisfaction with regards to
the ease of finding the matching fragment, its effectiveness, and the degree to which subjects
enjoyed using it.

Hypothesis #3 was designed to answer the question of how useful users would find the
ability to establish Information Fragment Associations, to see Information Fragments side-by-
side and to navigate from one Information Fragment to the other. This hypothesis was tested with
responses to questions focusing on the Information Fragment Association. These questions asked
for ratings of the ability to view Information Fragments side-by-side or to easily navigate
between Information Fragments during the Information Fragment definition process (see Section
4.4). The means of the ratings were over 5 on a scale from 0 (the least favorable rating) to 6 (the
most favorable rating). A rating of 4.8 was obtained when subjects were asked to evaluate how
useful it was to them to have unique identifiers for each fragment for direct reference. Based on
these responses the alternative hypothesis was accepted.

The usefulness of Information Fragment Association was also determined through free-

text responses the subjects provided regarding their likes and dislikes of the two tools. Out of the

186



subject responses, positive and negative comments about four categories of characteristics were
gathered and calculated using a numeric scheme (see Figure 83). The only category of relevance
to the Study was the retrieval functionality, but it was interesting to also see the comments on the
other categories because they affected to some extent the overall evaluations the subjects
provided. The comments on retrieval functionality showed that the tool supporting Information
Fragment Association had a very big advantage.

Subjects found Information Fragment Association to be useful (see Figure 84), but when
asked whether they can actually presently use it in their work (see Figure 85) the responses were
far less enthusiastic. This may imply that this functionality may be of more value to specific
audiences, such as the scholarly community. Some subjects felt that they could use the
functionality at some point in the future. Some of them gave thought to scenario in which
Information Fragment Association can be useful such as “getting different angles” of an issue.
The number of positive and negative comments about each tool was calculated and presented in
Figure 86.

A more accurate evaluation would have been carried out by presenting subjects with two
identical interfaces, with the Information Fragment Association being the only differentiating
factor.

This evaluation has provided useful insights for future directions. It has shown that users
appreciate the improved retrieval functionality offered by Information Fragment Association
enhancements. It has also shown that users feel more comfortable with familiar interfaces, and
that a more successful application of Information Fragment Association would involve
simulating these familiar interfaces while at the same time providing the new functionality. It has

also shown perhaps a first step toward a successful implementation of this infrastructure may be
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to enhance tools being used every day, such as Web search engines. Another possibility may
involve the customization of a tool with the purpose of serving a very narrow function for the
benefit of a smaller community. If this customization serves needs not met by any other tool, it
would generate a more enthusiastic group of users who would contribute to its future

development.

5.1.4 Determination of the Need for Enhancement of Web Search Engine Results

The Study has demonstrated the inadequacies of mainstream search engines when it comes to
bringing together Information Entities containing interrelated Information Fragments.

Hypothesis #4 addressed the difference with which Information Entities and Information
Fragments are handled by Web search engines. The fourth null Hypothesis Hg.o stated that “more
than or equal to 75% of a given set of pairs of related Information Fragments will have a rank
difference less than 10 in the Web search results when a query designed to retrieve one of the
Information Fragments is applied to a Web search engine”.

Even though the Information Entity pairs involved in this Study were carefully selected
to offer an abundance of points of thematic similarity, the results of Task 3 (see Section 4.2.3)
revealed that queries devised with the purpose of retrieving an Information Fragment and its
encompassing Information Entity failed in most of the cases to return a result set containing the
second Information Entity within the same results page. Out of the 143 pairs of Information
Fragments used, only 8 pairs or 5.6% were found to be in the same page which is lower than
75% and strongly supports the fourth alternative hypothesis. This means that even if the
matching fragment is retrieved by the Web search engine, the user may still not be able to find it.
Enhancing the results with Information Fragment Association would not create a redundancy of

188



links, but every future design should take into consideration the possibility that a results page
may provide two ways of getting to an Information Fragment, one supplied by the Web search
engine and the other by the Information Fragment Association registry.

The Study went beyond this analysis to further analyze the results and to examine other
useful information gathered during this task. One of these analyses involved the “specificity” of
queries (see Section 4.2.1). Queries returning short result sets (less than 100) were considered
“specific”. Analysis of the results reveals that out of the 118 queries which failed to return the
matching fragment 47 were not “specific”. This means that the specificity of the query cannot
always be used to explain the failure to retrieve the matching fragment.

The number of queries tested in the Web search engine by the subjects prior to submitting
a query was counted (see Section 4.2.4). The results indicate that in most of the cases subjects
used only one query in preparation for their final query submission. This suggests that they
tended to be as specific as possible.

The number of visits to specific web pages (i.e. views of the full-text) prior to submitting
a query was also counted (see Section 4.2.5). The mean of all subjects’ visits for each query
construction is 3 or less. This means that in most cases subjects felt comfortable with the
information they were receiving in the snippet presented to them as part of the result set. An
analysis of visits by topic revealed that subjects visited 38 pages while searching for a fragment
on International news, 21 pages while searching for a fragment on Iraq news, 25 pages while
searching for fragments on US Politics and 9 pages while searching for fragments on
miscellaneous news.

The conclusion we can derive from this portion of the study is that although mainstream

search engines today present us with valuable result sets, we are still very likely missing
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resources closely related individually to each one of the items in the result set we get. Since, as
Task 1 and Task 2 demonstrated, humans can painlessly provide these associations through their
everyday work, the merging of search engine results and association results would generate a
more rich and valuable information retrieval environment.

The results have painted a much clearer picture of what needs to be implemented so that
the benefits of Information Fragment Association may become evident to the wider public. By
establishing an Information Fragment Association infrastructure and an interface allowing these
associations to be inserted in a Web search engine results we would help users understand that
establishing Information Fragment Associations has far reaching impact, beyond the realm of
mere bookmarking.

The Study could have gone further than merely demonstrating what web search engines
do poorly. It could have presented a solution integrating Information Fragment Associations with
web search results and performed some tests against it. However, such tests would be more
meaningful with the accumulation of larger numbers of Information Fragment Associations, and
they would be more appropriate for future testing, if the establishment of an environment

supporting Information Fragment Association ever comes to fruition.

5.1.5 Calculation of Recall and Precision of Searches in Social Bookmarking Tools

The Study was able to successfully demonstrate the difference of performing a search on an
association-enhanced Information Fragment dataset as opposed to a simple Information
Fragment dataset.

Hypotheses #5-7 were designed to provide an answer to the question whether better
retrieval effectiveness (measured by Recall, Precision and F-measure) would be obtained when
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keyword searches are performed on a dataset containing user-defined Information Fragment
pairs in a tool supporting Information Fragment Association rather than performed on the same
dataset in a tool not supporting Information Fragment Association.

After performing these keyword searches, the Recall, Precision and F-measure were
calculated. The Recall was 0.310512875 for Baseline and 0.69051255 for FW, the Precision was
0.979020979 for Baseline and 1 for FW and the F-measure was 0.425260703 for Baseline and
0.662715647 for FW. A paired t-test was performed on these results.

The t-test indicated that the Recall and F-measure achieved by FW are statistically
significantly higher than those achieved by Baseline and that the null hypothesis Hg.o and the null
hypothesis H;.o have to be rejected.

The Precision for FW was higher than for Baseline but not statistically significantly
higher, so the null hypothesis Hso could not be rejected. The measurement of Precision for
Baseline was high because 17 queries which had failed were eventually counted after it was
determined that they were caused by technical flaws in Baseline. This ensured that the lack of
Information Fragment Association capabilities was the only factor considered. Even more
reliable results would have been yielded using a single tool configured to be able to perform
searches with or without Information Fragment Association.

SPURL (Baseline) stores the selected Information Fragment in the Snip field. In addition
to the Snip field it has a Description field the purpose of which is presumably to allow the user to
provide a description of the content of the selected Information Fragment or perhaps the entire
Information Entity. A resourceful user can conceivably compensate for the Baseline’s lack of
Information Fragment Association capabilities by copying the content of an Information

Fragment A to the Description field of Information Fragment B and vice versa. This would allow
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for the two Information Fragments to be retrieved together by a search. It would also
demonstrate the desperate maneuvers a user would have to resort to make up for the lack of
Information Fragment Association capabilities. In addition to the fact that this would be an error-
prone approach as it would require cutting and pasting and that this would require a lot of effort
on behalf of the user, such a workaround would produce less than optimal results. The user
would be forced to use the content of an Information Fragment as the description of the other
Information Fragment. One can reasonably argue that this would not be an advisable information
management practice. Moreover, such a technique would not scale to multiple Information
Fragment Associations on a single Information Fragment. The more one examines any such
attempts at providing workarounds for the lack of Information Fragment Association the more
evident it becomes that none of these workarounds is adequate for associating Information
Fragments, and it makes the argument for the establishment of an Information Fragment

Association even stronger.
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5.2 ADVANTAGES AND DISADVANTAGES OF INFORMATION FRAGMENT

ASSOCIATION

5.2.1 Advantages

Tests performed as part of this Study have demonstrated that Information Fragment Association
can significantly improve the performance of retrieval of interrelated Information Fragment
bookmarks. By retrieving one Information Fragment, a user can retrieve all interrelated
Information Fragments right away without having to resort to time consuming keyword
searching or browsing. The benefits of this improved functionality are reflected in the
satisfaction of the users, as the responses of the subjects who participated in this Study indicate.

Information Fragment Association can be an invaluable enhancement to any tools widely
used for information retrieval, such as social bookmarking tools and Web search engines. In the
case of Web search engines, Information Fragment Association can resolve the problem caused
by the fact that Web search engines perform searches on the entire Information Entities and not
on the Information Fragments, thus very often keeping two Information Entities with interrelated
Information Fragments very far apart within the result set

In social bookmarking tools, Information Fragment Association can improve the recall
and precision of searches performed on Information Fragments. Information Fragments have a
limited number of words and they can be easily missed by a keyword search not using those
words. Information Fragment Association ensures that an Information Fragment is retrieved by a
search which would have missed it had it not been associated with another Information

Fragment.
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5.2.2 Disadvantages

Defining Information Fragment Associations is an additional step in the bookmarking process,
and although this Study has indicated that with the right tool this step is no burden to the user, it
can still be considered a drawback even if it is a question of perception.

In spite of its advantages, Information Fragment Association may not be considered
suitable for everybody or for everyday bookmarking. Although most subjects expressed the
opinion the Information Fragment Association would be very useful, they were unsure whether

they would use it themselves today if it was available to them.

5.3 LEARNING EXPERIENCES

5.3.1 Value of Using Familiar Interfaces

Every aspect of the Study has reinforced the notion that Information Fragment Association
would constitute an invaluable component of future systems. It has proven that Information
Fragment Association is not only providing the user with a new set of retrieval options, but it is
also implementable at small cost to the bookmarking process or to the overall experience of the
user. One lesson learned in this study, however, is that this functionality has to be incorporated

within familiar interfaces, such as those used by traditional social bookmarking applications. In
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other words, the adoption of Information Fragment Association can be ensured only if blended

together with functionality people are already using, maintaining the same look and feel.

5.3.2 User Targeting

Targeting the social bookmarking tool realm has proven that Information Fragment Association
can improve mainstream tools significantly. However, it was apparent from the study that
targeting the scholarly community would yield much more interesting results. Even the subjects
of the study have pointed in that direction with their comments even though the Information
Fragment Association was presented to them in its least sophisticated incarnation. It is evident
that the concept of Information Fragment Association can better be grasped by a scholar whose
more specific needs are met with such an interface that the average casual user. Regardless of
the level of sophistication of the interface involved, however, the registry infrastructure can

remain the same.

5.3.3 Appropriate Tools for Testing

Another lesson learned is one dealing with the Study’s logistics and not with its objectives. In a
case like the one at hand, in which one specific piece of functionality as opposed to the entire
tool is being evaluated, it may be preferable to develop two test tools the one with the
functionality being examined and the other without. That way the focus of the comparison will
be placed on the object of interest and not on peripheral interface issues. This would also save a
lot of manual work which is often necessary in those cases in which a system is not under the

researcher’s control, such was in the case of Task 4.
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6 CONCLUSION

This dissertation represents an effort to determine the potential benefits of providing users with
the capability of establishing and storing associations between Information Fragments which
they have identified as bearing a certain relationship. These benefits were sought in everyday
user activities such as social bookmarking and web searching. The effort concentrated in
identifying the degree to which stored and easily retrievable Information Fragment Associations
can be used to improve the performance and usability of the retrieval process and the search
results of mainstream tools. The ultimate objective was to present these benefits as proof of the
need for a comprehensive framework for the management of Information Fragment Associations.

Social bookmarking is a popular internet practice allowing users to share bookmarks to
resources of interest. Many social bookmarking tools allow users to define an Information
Fragment within the bookmarked page. However, the lack of the mechanism for recording the
association between the Information Fragments prevents users who revisit these collections from
recreating the mental association. This Study demonstrated that providing users with this missing
functionality is indeed beneficial.

With the help of two subject groups, this Study has determined that users are able to find
related Information Fragments much more easily when Information Fragment Association has
been employed. Using questionnaires, the Study has revealed that users find that the presence of

Information Fragment Association increases the ease of retrieval, the effectiveness and the
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enjoyment level of the process. Users also rated the usefulness of Information Fragment
Association very high.

When two Information Fragments are explicitly identified as having some kind of
relationship with each other, there is a reasonable expectation that within the universe of
information resources there should be a relatively short navigational distance between these two
Information Fragments. The results of this Study demonstrate unequivocally that with current
Information Entity-based web searching tools the navigational distance between these two
Informational Fragments is too large to be acceptable. The employment of Information Fragment
Association infrastructure can make a significant contribution towards the resolution of this issue
without undermining the current infrastructure.

The Study has also determined that the Recall and Precision of searches performed in
datasets of Information Fragments is improved with the presence of Information Fragment
Association. This has potential implications on future development of both social bookmarking
and web searching tools.

Therefore, it is clear that Information Fragment Association implementation needs to
move in two different directions. First, it needs to infiltrate social bookmarking tools and other
mainstream applications such as search engines. Second it needs to be applied in the areas in
which its full power can manifest itself, such as in tools designed specifically for scholarly work.
In both of these cases, its success will depend on the degree to which the full feature set of the
envisioned Morsoplexis Framework gets implemented.

Future directions should involve further testing, especially in the areas in which some
weaknesses and omissions in the approaches taken by this Study have been detected. Based on

such additional studies, implementation of fractions of the Morsoplexis Framework may take
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place. The Morsoplexis Framework as described in O calls for functionality beyond what was
tested with this Study. The feasibility and usefulness of this functionality needs to be tested by
future studies.

When Time Magazine decided that its “Person of the Year” for 2006 was “You” it
signaled the recognition of the tremendous achievement generated by our collective work.
Explaining this choice Lev Grossman wrote that the new Web is “a tool for bringing together the
small contributions of millions of people and making them matter”’[90]. However, instead of
resting on our laurels, we need to ask ourselves: Are we really tapping into our full potential?
Are there ways with which we can generate more contributions and make those contributions
matter too? The Morsoplexis Framework provides a humble proposal for one possible way of

taking advantage of users’ everyday interactions with information content.
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APPENDIX A

Although this discussion has been moved to this appendix, it constitutes the core on which every

other part of this dissertation was based.
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0 A FRAMEWORK FOR GLOBAL IMPLEMENTATION OF FRAGMENT
ASSOCIATION

This chapter presents the conceptual design for a framework aiming at providing a
comprehensive solution supporting Information Fragment Association.

One of the major problems we are facing today is the lack of an easy way of collocating
small pieces of interrelated information. A small fragment of a larger piece of work may contain
specific information which is not necessarily of the same topic as the larger piece itself. It is
therefore unlikely that with the interfaces currently available to users this specific piece of
information is referenced adequately by other resources. The only tool currently available at our
disposal is keyword searching. This is often an effective tool, but we can certainly easily
conceive of two Information Fragments which according to a user bear a strong association with
each other, yet contain no common keywords enabling them to be collocated by a keyword
query.

As users browse the web, identify and consume useful information entities, they
constantly create consciously or unconsciously mental associations between specific fragments
within these Information Entities. Providing users with the capability of easily recording these
associations will be beneficial both to them and to others. This can be achieved only by the
introduction of a framework which incorporates all of the functionality necessary to make this

association recording and management possible.
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0.1 IMPORTANT CONCEPTS RELATING TO THE MORSOPLEXIS
FRAMEWORK

These concepts along with concepts discussed earlier in this dissertation, especially in Section

3.7 for the basis on which this framework has been constructed.

0.1.1 Information Fragment Collection

It is often the case that a certain piece of information is contained in a multitude of content
fragments scattered in different locations. These fragments complement each other in the
creation of a single unit albeit not contiguous. The Information Fragment Collection has been
conceived with the intention of providing a means of handling the need this situation generates.
Of course, an Information Fragment Collection can be a collection of any Information Fragments
regardless of the circumstances under which they have been brought together or the relationships
between them. The assumption is that there is some commonality in them that let to their
collection. As such, the collection can be treated and referred to as a single unit. In addition to
Information Fragments, an Information Fragment Collection can contain other Information
Fragment Collections. It can also contain Information Fragment Associations, which are defined

in section 0.1.2 below.

0.1.2 Information Fragment Association

An Information Fragment Association is the result of the determination by a certain Individual
that two Information Fragments bear a certain relationship which needs to be expressed with this

association. The juxtaposition of these two interrelated Information Fragments makes some kind
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of a statement. Sometimes the statement is obvious, sometimes obscure. Information Fragment

Associations can be classified in the following fashion:

e By Creator

o Creator Associations

o Third-Party Associations.
e By Complexity

o Simple Associations

o Complex Associations

0.1.21 Creator Associations vs. Third-Party Associations

Creator Associations are those between an Information Fragment of any Creator and an

Information Fragment of the same Creator as the Creator of the Information Fragment

Association itself. Third-Party Associations are those between two Information Fragments none

of which having the same Creator as the Creator of the Association.

The different types of Information Associations can be used to organize collocated

Information Fragments in different tiers. For example, let us look at the following scenario:

IE:B
[Helen]

IE:A
[George]

Creator
Association

Third Party
Association

IFA:6
[Helen]

Figure 88 — Creator and Third Party Association
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Figure 88 depicts a series of Information Fragment Associations as well as the creators of
these Information Fragment Associations and the creators of the Information Fragments. A close
look at this small cluster of Information Entities and Information Fragments demonstrates the
difference between Creator and Third-Party Associations.

Helen is the creator of Information Fragment Association IFA:1 between Information
Fragment IF:a and Information Fragment IF:b. She is also the creator of the Information Entity in
which Information Fragment IF:b resides, while the Information Entity in which Information
Fragment IF:a resides has been created by George. This is a “Creator” Association which means
that Helen, the creator of the Information Fragment Association, has control over one of the two
Information Entities involved. In this respect, it is similar to traditional web page linking or
article referencing.

On the other hand, Alex is the creator of Information Fragment Association IFA:5
between Information Fragment IF:f and Information Fragment IF:a, but neither of the respective
Information Entities in which these two Information Fragments reside has been created by Alex.

This is an example of a “Third-Party” Association.

0.1.2.2 Simple vs. Complex Associations

A Simple Association is defined as one being established between two Information Fragments. A
Complex Association is defined as one involving an Information Fragment Association or an
Information Fragment Collection as at least one of the two items it associates.

The Morsoplexis Framework provides the capability of establishing an Information Fragment
Association between an Information Fragment and a pre-existing Information Fragment
Association or a pre-existing Information Fragment Collection. This functionality enables users

to derive, refer to or comment on existing Information Fragment Associations and Collections.
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For example, as Figure 89 demonstrates, a scholar X makes an Information Fragment
Association between Information Fragments A and B, demonstrating the stylistic similarities of
two passages of two well-known authors. While composing an Information Entity, another
scholar Y makes an association between an Information Fragment C and the pre-existing
association. Scholar Y, takes advantage of the fact that scholar X has already established this
association. If scholar X is considered to be an expert in the field, using that association in order

to make a certain point in Information Fragment C will provide this point with some support.

Creator: X

Creator: Y

Figure 89 - Association between an Information Fragment and a Fragment Association

In brief, the following Information Fragment Associations are possible:

e Between an Information Fragment and an Information Fragment (Simple)

e Between an Information Fragment and an Information Fragment Association (Complex)
e Between an Information Fragment and an Information Fragment Collection (Complex)

e Between an Information Fragment Association and an Information Fragment Collection

(Complex)
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e Between an Information Fragment Association and an Information Fragment Association
(Complex)
e Between an Information Fragment Collection and an Information Fragment Collection

(Complex)

0.1.3 Trust and Reputation

Since the creation of Information Fragments, Information Fragment Associations and
Information Fragment Collections is meant to express something, trusting the creator is
particularly significant. The Morsoplexis Framework employs a simple but robust Identity
Registry which allows for the definition of Identity Groups. These groups can be used to define
what can be trusted and what cannot be trusted. Even though the determination of what can be
trusted is external to the Morsoplexis Framework, the Identity Groups within the Morsoplexis
Framework can store information conveying the degree to which an Identity and by extension the

Information Fragment Association can be trusted.

0.2 THE NATURE OF THE CONCEIVED FRAMEWORK

This framework needs to extend the capabilities of the web, not provide an alternative to
it. Therefore, it has to be open, functioning on top of the web and interacting with other resources
and tools currently available on the web. Unlike other efforts dealing with content granularity,
the essence of the envisioned framework lies in that it does not presuppose any pre-built
structure in the resources it handles, thus becoming virtually universal in its scope. Any resource
available on the web can be potentially available to users. This Framework places the definition

of granularity with the consumer of the resource, not the author. This allows for an infinite
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number of possible fragments defined by information consumers. Although the author of a

resource still has the capability of defining fragments and establishing fragment associations, any

consumer of the resource also has the capability of defining fragments and optionally sharing

them with other potential users.

0.3

FEATURES AND CHARACTERISTICS OF THE MORSOPLEXIS
FRAMEWORK

In order to provide a better understanding regarding the functionality of this framework, it would

be useful to outline the various features and characteristics this framework requires. The

implementation of the features and characteristics listed below is deemed necessary in order to

ensure that the envisioned functionality is achieved. Each one of these features will be built into

and provided by a component of this framework. For this reason their discussion below is

incorporated in the discussion of their encompassing framework components.

e General

These features are introduced here as a general guidance for the design of the

Morsoplexis Framework. They apply to or relate to all of the components. Each

component of the Morsoplexis Framework is built with careful attention being paid to

making sure that these features are available.

o

@)

@)

Simple implementation

Simple interface

Scalability

Global accessibility

Persistence of references (unique identifiers for Information Entities and
Information Fragments)

Persistence of content (caching Information Entities)
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o Interaction with Expertise and Reputation Systems
o The ability to publicly expose the Information Fragment Association data so that
it may be used by other information systems such as search engines
e Creating Fragment Associations
These features apply specifically to the interfaces designed for the purpose of allowing
users to create and manipulate Information Fragment Associations
o Ability to provide unique identifiers for its users
o The ability to establish Associations between Information Fragments
o The ability to establish Associations between an Information Fragment and a pre-
existing Fragment Association
o The ability to control access to (keep private or make public) Fragment
Associations
o The ability to attach attributes describing the nature of a Fragment Association
e Viewing and Maintaining Fragment Associations
These features apply specifically to the interfaces designed for the purpose of allowing
users to navigate through Information Fragment Associations. Such interfaces include
extensions to traditional search engine result presentation.
o The ability to view Information Fragments within Information Entities along with
the Information Fragments with which they are associated
o The ability to view Information Fragment Associations associated with an
Information Fragment
o The ability to delete an Information Fragment, Information Fragment Association
or Information Fragment Collection. This is possible only if the item to be deleted
is not itself one of the items being associated by another Information Fragment
Collection. If this is the case, the option of retracting the item is available.
o The ability to retract a Fragment Association

The flexibility of the Morsoplexis Framework allows for a variety of ways of interacting with it
and taking advantage of the aforementioned functionality. This functionality is best demonstrated

with an example. A conceivable usage scenario is the following:
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e The user views an information entity A (or listens to or watches if the information entity
is audio or video)

e At the same time, the user is viewing or creating another information entity B.

e The user selects an information fragment within the information entity A using a
Fragment association client or utility.

o The nature of this utility depends on the format of the information entity. For
example, if the information entity is a document, this utility allows the user to
select text in a fashion similar to the way a user normally selects text for copying
and pasting.

o Since this selection is meant to do more than copying and pasting it may be
necessary that current browsers, word processors etc be enhanced to be able to
interface with the proposed registries. Furthermore, if the information entity is
audio or video, the same kind of capabilities will be needed using different types
of “association creators”.

e The user selects an information fragment within information entity B associating this
fragment with the previously selected fragment.

e The same process is followed in the case of the creation of an association between an
Information Fragment and a pre-existing Fragment Association. The interface should be
able to handle this functionality as well

e The association information as well as any accompanying information entered by the user
is saved in the registry

e The user is recorded as the creator of the fragment association

0.4 COMPONENTS OF THE MORSOPLEXIS FRAMEWORK

The purpose of the Morsoplexis Framework is to provide a globally accessible complement to
the functionalities currently provided by the World Wide Web. It is a complement in the sense

that it is not conceived of as replacing any of the resources currently available on the web or
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requiring that they be in any other format than the format they are currently in. Nor does it
require that these resources be placed in some controlled enclosure. It simply has to work with
what is in existence building on it instead of replacing it. The value of this framework chiefly
relies on the combination of functionalities built into each one of its components. These
components are interwoven providing a unique environment providing a set of capabilities
currently unavailable to users in a comprehensive and easy to use package.

The components of the Morsoplexis Framework are the following:

e Global Distributed Registry
o Distributed Registry of Registries
o Distributed Qualifier Registry
o Distributed Extra-Community Link Registry
e Community Registries
o ldentity Registry
o Information Fragment Registry
o Information Entity Caching Component
o Local Registry of Registries
o Local Qualifier Registry
o Local Extra-Community Link Registry
o Filter Registry
e Aggregators
e Information Fragment Association Creation Interfaces
e Information Fragment Association Viewing Interfaces

Each one of these components interacts and depends on the other components for full
functionality to be achieved. Figure 90 provides a visual representation of these components,

their relationships and place within the Morsoplexis Framework.
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Figure 90 — Morsoplexis Framework Overview

The Morsoplexis Framework is designed to provide both self-sufficiency and universality. Its
self-sufficiency lies in the capability of a Community Registry to function by itself with its entire

feature set without necessarily interacting with the Global Distributed Registry or any other
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Community Registries. Its universality lies in the capability of the Community Registries to fully
integrate with the web and to interact with each other either directly or my means of the
coordinating Global Distributed Registry. This coordination is necessary in order to ensure that
the independent nature of Community Registries and the fact that they are built not to rely on a
centralized resource does not come in the way of interoperability.

The core of the Community Registry is the Information Fragment Registry. This is where
the definitions for Information Fragments, Information Fragment Associations and Information
Fragment Collections are stored. An Information Fragment definition specifies the Information
Entity to which that Information Fragment belongs. This allows for a viewer used to display an
Information Fragment to query first the Information Fragment Registry, retrieve the Information
Fragment definition, then using the identifier for the Information Entity to retrieve the
Information Entity entry and consequently load the cached resource. Using again the Information
Fragment definition, the boundaries of the Information Fragment are marked and it is displayed
within the context of the cached Information Entity. The Information Fragment Registry and the
Information Entity Caching Component are therefore being used side-by-side. They are also
intertwined by the queries submitted to the system for the purpose of navigation from fragment
to fragment. Each Information Entity will potentially contain a lot of Information Fragments.

A user can browse a listing of all Information Fragment Associations established for a
specific Information Entity and can also filter these displayed results by applying Filters from the
Filter Registry. Since Information Fragments and Information Fragment Associations specify the
creator lIdentity and optionally incorporate Descriptive Qualifiers, these Filters, being lists of

Identities and Qualifiers can narrow down the results of the query.
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The Identity Registry provides authentication for entry to a Community Registry and
subsequently ensures that every item created by an Identity remains under that Identity’s control.
The entry for each item such as an Information Fragment, Information Fragment Association etc
always contains the identifier of the Identity who created it. The Identity Registry also handles
the ldentity Recommendations and the interaction with external Expertise and Reputation
Systems as well as the interaction with external Authentication Services.

The Local Qualifier Registry contains collections of Qualifiers used to describe the
content of Information Fragments, Information Fragment Associations and Information
Fragment Collections (Descriptive Qualifiers) or used to describe the relationship between two
associated items (Relationship Qualifiers). The Local Qualifier Registry is being synchronized
with the Distributed Qualifier Registry. The same is the case with the Local Registry of
Registries and the Local Extra-Community Link Registry, which synchronize with their
respective distributed counterparts in the Global Distributed Registry. The Registry of Registries
is the official list of Community Registries which also provides URI resolution. The Extra-
Community Link Registry provides the ability of creating Fragment Association and Fragment
Collections across Community Registries. These are handled as special kind of links the integrity
of which is not completely guaranteed, but enough measures to maintain reliability are in place.

The interaction with the user is achieved through the Fragment Association Creation
Interface, for the process of creating Information Fragment Associations and the Fragment
Association Viewing Interface for the process of browsing and searching the contents of the

registries.
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Finally, the Aggregators interact with the Information Fragment Registry of every
Community Registry, gathering the contents into a single searchable large registry. These

Aggregators can be global or subject specific.

0.5 GLOBAL DISTRIBUTED REGISTRY

The Global Distributed Registry is a globally accessible component which binds and coordinates
the otherwise independently operating Community Registries. It is distributed so that its
availability and scalability may be ensured. It is conceived of as the central knot connecting the
Community Registries. Its function is that of coordination and discovery assistance and the
Morsoplexis Framework should still be able to function even if this component is unavailable or
inaccessible.
The Global Distributed Registry would function in a fashion very similar to that of the
DOI (Digital Object Identifier) System[91]. Each Information Fragment as well as any
Morsoplexis information item of any type would be identified by a combination of that item’s
unique identifier as the suffix and the unique identifier of the Community Registry in which it
resides as the prefix. The format of the Community Registry identifiers is "[a-zA-Z]{3}[0-9]{4}"
and the format of prefix is that of the Universally Unique Identifier (UUID)[92] . For example,
an Information Fragment Association can have an identifier:
“f81d4fae-7dec-11d0-a765-00a0c91e6bf6”
and belong to a Community Registry with an identifier “xyz7890”
The two identifiers are presented as a single unit separated by a *“/” just as in the case of DOI

names:
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“xyz7890/f81d4fae-7dec-11d0-a765-00a0c91e6bf6™
Both the Distributed Registry of Registries and the Local Registry of Registries found in every
Community Registry will be able to provide resolution for the Community Registry identifier
providing the URI of the Community Registry.

The Distributed Registry of Registries and the Distributed Qualifier Registry are not
necessarily related. They are being bundled together in the Global Distributed Registry not
because of their need to interoperate but because of their position in the Morsoplexis Framework
and the similarity of their mission. They simply operate centrally and they are global providing
their respective services to the Community Registries. Their bundling does not necessarily have
to be physical, it can be purely conceptual. However, all three subcomponents always share the
following common properties:

e Lightweight (for manageability)
e Distributable (for service reliability, performance and scalability)
e Accessible to the Community Registries

Placing the Distributed Qualifier Registry physically together with the Distributed Registry of
Registries has some technical management advantages, such as coordination of backup and
replication. It also makes economic sense to keep these two relatively small registries on the
same server and it is simpler for Community Registries to point to one server instead of two. On
the other hand, it may prove beneficial in the future to physically separate the two, if the
Distributed Qualifier Registry can be used for other purposes unrelated to the needs of the
Morsoplexis Framework.

The Global Distributed Registry along with the Aggregators are resources expected to be

of value to web search engines contributing to the quality of their results.
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0.5.1 The Distributed Registry of Registries

The Distributed Registry of Registries is a kind of hyperdatabase providing a listing of all
available Community Registries along with access and contact information for them. A
Community Registry can be moved from one server to another (with different URI) but access to
the Community Registry will not be affected. Retrieval tools can be designed to check the
Distributed Registry of Registries if a direct attempt to retrieve something from a Community
Registry fails. In addition to access and contact information, this registry also maintains other
statistics regarding each Community Registry, such as technical service availability.

Each Community Registry has a unique identifier which is registered in the Distributed
Registry of Registries. Within the global Framework, Information Fragment Associations and
other items are referenced with their own unique identifier plus the unique identifier of the
Community Registry in which they reside in a fashion similar to that used by the DOI (Digital
Object Identifier) standard[93]. The same is the case with Identities and cached Information
Entities. The Distributed Registry of Registries acts as a resolver retrieving information from the
right Community Registry.

An entry of the Distributed Registry of Registries is of the following structure:

e Registry Identifier
e Registry URI
e Creation and update dates
e Registry Description
o Description
o Descriptive Qualifiers
e Contact Information
e Service availability information

The schema for the Registry of Registries is presented in Table 23 :
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<?xml version="1.0" encoding="utf-8"?>

<xs:schema id="RegistryOfRegistries"
targetNamespace="http://morsoplexis.org/schema/RegistryOfRegistries.xsd"
elementFormDefault="qualified"
xmlns="http://morsoplexis.org/schema/RegistryOfRegistries.xsd"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Global Identifier used by most Morsoplexis items
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-FO-9]{4}-[a-fA-FO-9]{4}-[a-fA-FO-9]{12}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z[{3}[0-9}{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:element name="CommunityRegistry">
<xs:complexType>
<xs:sequence>
<xs:element name="CreationDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="UpdateDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="RegistryName" type="xs:string" default="" />
<xs:element name="RegistryURI" type="xs:anyURI" />
<xs:element name="Description" type="xs:string" />
<xs:element name="Qualifier" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="Qualifierld" type="mpKey" />
</xs:complexType>
</xs:element>
<xs:element name="Contactinformation">
<xs:complexType>
<xs:sequence>
<xs:element name="ContactName" type="xs:string" />
<xs:element name="ContactTitle" type="xs:string" />
<xs:element name="ContactEmail" type="xs:string" />
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="ServiceAvailability">
<xs:complexType>
<xs:sequence>
<xs:element name="LastTimeChecked" type="xs:dateTime" />
<xs:element name="ServiceRating" type="xs:int" />
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
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<xs:attribute name="CommunityRegistryld" type="mpCRKey" />
</xs:complexType>
</xs:element>

</xs:schema>

Table 23 - Schema for the Registry of Registries

0.5.2 Distributed Qualifier Registry

This is a centralized depository of collections of descriptive terms to be used as attributes for
Information Fragments, Information Fragment Associations and Information Fragment
Collections. These terms are presented to the user as options during the fragment association
process. Placing these simple term lists called “Qualifier Collections” in the Global Distributed
Registry encourages consistency. ldentities will have the capability of compiling Qualifier
Collections specific to their particular disciplines, but they will also have the capability of
importing standard well-established Thesauri and Taxonomies. This registry will adopt a
minimalist approach to the structuring of such lists. The structure will attempt to address in a
simple way the most basic features of a controlled vocabulary found in the NISO Z39.19
guidelines[94]. It is expected that Morsoplexis Framework implementations will have several
major Thesauri and Taxonomies built into the Distributed Qualifier Registry. The test
implementation to be produced by this project will attempt to include the North American
Industry Classification System taxonomy[95] and if authorization is secured the Thesaurus of
ERIC Descriptors[96] and the UNESCO Thesaurus[97].

Implementations are expected to replicate this registry locally in order to enhance
performance. New Qualifier Collections are created in the Community Registries and then
synchronized with the Distributed Qualifier Registry contributing to the creation of a large

central depository of these simple Qualifier Collections. Flexibility is provided for locally
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defined  Qualifier  Collections to be used by Community Registries as
“CommunityRegistryOnly”, thus not being contributed to the Distributed Qualifier Registry. A
Community Registry has the option of changing the designation of a Qualifier Collection to non
local. The full structure and schema of this registry is provided in section 0.6.5 below in the

discussion of the Local Qualifier Registry.

0.5.3 Distributed Extra-Community Link Registry

The Distributed External Link Registry coordinates the establishment of external links. A
description of the process as well as the schema is provided below in section 0.6.6 discussing the

Local Extra-Community Link Registry.

0.6 COMMUNITY REGISTRIES

The Community Registries are the main component of the Morsoplexis Framework. They are the
location in which all of the user, association and information entity caching are stored. The
Morsoplexis Framework provides individual communities with the capabilities needed for the
creation of highly-functional registries. It also allows for the definition of the role these registries
play in the wider space of all internet resources. The Identities representing the creators of
Fragment Associations are expected to be ranked by Trust/Reputation systems in the future.
Since the Morsoplexis Framework is global and the Community Registries are locally managed,
it is expected that the Community Registries themselves will be ranked by Trust/Reputation
systems as well.

Some of the main characteristics of Community Registries are the following:
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0.6.1

Each Community Registry has a unique identifier. This makes any Identities, Information
Entities or Information Fragment Associations globally unique, since they are referenced
by their unique identifier plus the identifier of their Community Registry.

Two or more Community Registries are able to be merged into one. It is conceivable that
two Community Registries likely need to be merged or conversely a single Community
Registry likely needs to be split into two or more Registries. This need may stem out of
organizational developments, for example two companies merging, or simply because of
technical maintenance and management reasons.

An ldentity, the Information Fragments, Information Fragment Associations and other
items created by this Identity as well as their cached content should be able to be
migrated to another Community Registry. Administrative utilities available to
Community Registry operators will allow the operator of Community Registry A to
provide the operator of Community Registry B access to all data owned by a specific
Identity for migration. All entries will be copied exactly as they are with the only
adjustment being the change of their “CommunityRegistryld” attribute. This means that
they will keep their existing unique identifier but they will now have a new Community
Registry 1d — Item Id combination which will resolve to the new Community Registry.
The entries in the old Community Registry will be deleted and new entries will be added
to the Moved Items Registry. This registry, described in section 0.6.2.4 below will record
the ids of all items moved along with the id of the new Community Registry, and it will
be used for redirection to the new Community Registry.

Identity Registry

Each Community Registry has a built-in Identity Registry. This registry contains the listing of all

Identities used by the Community Registry as a whole, an Identity being a user and contributor to

the Community Registry. Of Course, an Individual using the Morsoplexis Framework has the

option of assuming multiple Identities, but only one Identity is available to the Individual in a

given Fragment Association Creation Interface session. In other words, the user logs in as one
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Identity, and during that given session every activity that user engages in is recorded as
belonging to that Identity.
Identity Registries:

e make possible the registration of universal and unambiguous Identities to be used in the
Fragment Association creation process, ensuring that each Fragment Association is
attributed to an Identity

e interface with external identity/authentication services

e interface with external reputation/trust systems

e define hierarchical relationships between Identities (e.g. membership to a group)

These features make the Identity Registry an indispensable part of the Morsoplexis Framework

by creating an environment which may provide more information useful for the ranking of the
Fragment Associations.

The simplest implementation of an Identity Registry comprises of a listing of unique
Identifiers, their relationships and optional basic personal information and username/password
information. Proper implementations map Identities to external authentication systems, to take
advantage of password encryption and better management tools, but the maintenance of the
unique identifiers representing Identities always take place in the Identity Registry.

The structure of a Registry entry is approximately the following:

e ldentifier (required)
e Creation and update dates/times
e Mapping to external Authentication Service (if this capability is implemented)
o Username/ldentifier
o Authentication Service Identifier
e Descriptive Information
o Name
o Contact Information

= E-mail (required)
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= Other Internet contact information, such as web page IM etc.
= Mailing address
= Other contact information
o Affiliations
e Trust/ Reputation Relationships
The schema for the Identity Registry is presented in Table 24:

<?xml version="1.0" encoding="utf-8"?>

<xs:schema id="Identities"
targetNamespace="http://morsoplexis.org/schema/ldentity.xsd"
xmins="http://morsoplexis.org/schema/ldentity.xsd"
elementFormDefault="qualified"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Global Identifier used by most Morsoplexis items
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-F0-9]{4}-[a-fA-FO-9]{4}-[a-fA-FO-9]{12}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z[{3}[0-9]{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:element name="Identity">
<xs:complexType>
<xs:sequence>
<xs:element name="CreationDateTime" type="xs:dateTime" />
<xs:element name="UpdateDateTime" type="xs:dateTime" />

<xs:element name="Name">
<xs:complexType>
<xs:sequence>
<xs:choice>
<xs:element name="Personal">
<xs:complexType>
<xs:sequence>
<xs:element name="LastName" type="xs:string" nillable="true" />
<xs:element name="FirstName" type="xs:string" nillable="true" />
<xs:element name="MiddleName" type="xs:string" nillable="true" />
</xs:sequence>
</xs:complexType>
</xs:element>
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<xs:element name="Organization">
<xs:complexType>
<xs:sequence>
<xs:element name="0rganizationName" type="xs:string" nillable="true" />
<xs:element name="0rganizationFunction" type="xs:string" nillable="true" />
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:choice>
</xs:sequence>
</xs:.complexType>
</xs:element>

<xs:element name="Authentication">
<xs:complexType>
<xs:sequence>
<xs:element name="UserName" type="xs:string" nillable="true" />
<xs:choice>
<xs:element name="AuthenticationService" type="xs:string" nillable="true" />
<xs:element name="Password" type="xs:string" nillable="true" />
</xs:choice>
</xs:sequence>
</xs:complexType>
</xs:element>

<l-- Multiple Electronic Addresses are allowed -->
<xs:element name="Email" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="EmailAddress" type="xs:string" />
</xs:complexType>
</xs:element>
<xs:element name="HomePage" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="HomePageAddress" type="xs:string" />
</xs:complexType>
</xs:element>
<xs:element name="IM" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="IMAddress" type="xs:string" />
</xs:complexType>
</xs:element>

<xs:element name="PhysicalAddress">
<xs:complexType>
<xs:sequence>
<xs:element name="Street" type="xs:string" nillable="true" />
<xs:element name="City" type="xs:string" nillable="true" />
<l-- Choice of different Address Formats -->
<xs:choice>
<xs:element name="State" type="xs:string" nillable="true" />
<xs:element name="Province" type="xs:string" nillable="true" />
</xs:choice>
<xs:choice>
<xs:element name="Zip" type="xs:string" nillable="true" />
<xs:element name="PostalCode" type="xs:string" nillable="true" />
</xs:choice>
</xs:sequence>
</xs:complexType>
</xs:element>

<xs:element maxOccurs="unbounded" name="Affiliations">
<xs:annotation>
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<xs:documentation xml:lang="en">
Multiple Affiliations are allowed
</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="Affiliation" type="xs:string"/>
</xs:complexType>
</xs:element>

<xs:element maxOccurs="unbounded" name="Members">
<xs:annotation>
<xs:documentation xml:lang="en">
Members of this Identity
</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="Memberldentityld" type="mpKey"/>
</xs:complexType>
</xs:element>

</xs:sequence>

<xs:attribute name="ldentityld" type="mpKey" use="required">
<xs:annotation>
<xs:documentation xml:lang="en">
The unique identifier for the Identity Entry
</xs:documentation>
</xs:annotation>
</xs:attribute>
<xs:attribute name="CommunityRegistryld" type="mpCRKey" use="required">
<xs:annotation>
<xs:documentation xml:lang="en">
The unique identifier for this Identity's Community Registry
</xs:documentation>
</xs:annotation>
</xs:attribute>
</xs:complexType>
</xs:element>

</xs:schema>

Table 24 - Identity Registry Schema

The Morsoplexis Framework aims at providing the following features which are
dependent of the Identity Registry:

e Creation of Identities
e Interface with External Authentication Services
e Interface with External Reputation/Trust systems

e Trust/ Reputation Relationships
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0.6.1.1 Creation of Identities
An Identity is a simple and unambiguous unique identifier. This identifier is attached to whoever

logs into the Fragment Association Creation Interface with a certain set of credentials. An
Individual logging in and assuming this Identity is permanently associated with the Fragment
Associations s/he creates. The Fragment Association Creation Interface allows an Individual to
create a new ldentity which represents that Individual or a group of which this Individual is a

member and designated editor.

0.6.1.2 Interface with External Authentication Services

Maintaining local usernames and passwords within an implementation of the Morsoplexis
Framework would only contribute to the chaotic multitude of passwords in use today. Mapping
to external multi-use authentication systems is the most desirable implementation. The
Morsoplexis Framework makes provision for this capability and strongly recommends it.
However, it does not dictate one authentication scheme over the other as long as the integrity of
the Identities being created in the Identity Registry remains intact. The mapping is conceived of
as being achieved by a design as simple as the inclusion of an identifier pointing to the
authentication system of choice and the username/identifier that the authentication system uses in
the Identity Registry entry. The implementation of the Fragment Association Creation Interface
ensures that a user is able to assume a given framework Identity only when providing the right
credentials to the authentication system specified in the entry for that Identity. An
implementation incorporating the upcoming CardSpace[98] functionality would greatly enhance

the user experience.
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0.6.1.3 Interface with External Reputation/Trust systems

One of the most important functions of the Identity Registry will be its interaction with Expertise
and Reputation systems. Trust and Reputation are social concepts going back to the beginning of
civilization. Regardless of how one defines these two concepts, they are always related to the
amount of information available about the object of trust.

In small communities trust and reputation are easily built because of direct interaction. In
larger communities, it is inevitable to very often consult a third party, and often the acquaintance
of this third party with the object of trust is also indirect. Although this indirect information is
still very valuable, in the determination of trust, it is often complemented by the consideration of
one’s group affiliations.

Reputation is a factor contributing to the building of Trust which is the prerequisite for
any interaction direct or indirect. This interaction can be the exchange of goods, services, or
information. The advances in means of transportation, communication and storage and retrieval
of the written word have significantly increased the challenge of establishing trust. The options
are now too many to be able to rely on personal acquaintance or experience.

Reputation Systems have been introduced primarily to help identify trustworthy exchange
partners, covering both business-to-business and business-to-consumer interactions. Their focus
has been commercial, but in the cases in which the object of commercial transaction is an
information resource, such as a book sold on Amazon, rankings can be useful outside the context
of a pure financial transaction. However, when it comes to information resources, simple
rankings are not sufficient. A consumer of a piece of merchandise may provide good feedback
regarding that item. A consumer of a piece of information is very likely to be the author of other

pieces of information. The relationships between these Information Entities and the rankings of
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their authors can be complex. Therefore a simple mechanism of recording these relationships is
needed.

The proposed framework is not a reputation system, but rather a necessary complement to
reputation systems by providing a simple and consistent interface between reputation systems
and information seeking agents. The plethora of such reputation systems and the diversity of
approaches involved make it difficult for search agents to be able to take advantage of them
collectively without significant customization. Several reference models for reputation systems
have been proposed[99, 100], but most of them are geared towards specific reputation contexts,
such as e-commerce transactions and are in general complex and incompatible. The Identity
Groups envisioned as part of the proposed framework offer a simple and scalable way of
applying attributes containing reputation information regardless of the way this information has
been collected or processed. A reputation ranking system may constitute an Identity Group in the
Registry. This Identity Group may contain Identity Groups for each one of the ranked categories.
The ranking system Identity Group may itself be contained in Other Identity Groups specifying

its context-relevance and reliability as a ranking system.

0.6.1.4 Trust / Reputation Relationships
The Relationships defined in the Identity Registry are purely meronymic. They are dealing with

membership in a collection and not membership in a class. Winston, Chaffin and Herrmann[101]
draw the distinction between membership in a collection and membership in a class:
“membership in a collection is determined by spatial or temporal proximity or by a social
connection (e.g., tree-forest, cow-herd), characteristics which are extrinsic to the individual
members themselves. Membership in a class, in contrast, is determined by similarity to the other

members on one or more intrinsic property”.
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An Identity is thus defined as being a member of a certain group as opposed to belonging
to a class of Individuals having a common property. In other words, for example a certain
Identity representing a specific woman is defined as a member of a professional society to which
she belongs, but not as belonging to the class “women”. Furthermore, an Identity is either an
Individual or a group of Individuals containing Individuals or other groups.

Since the prerequisite for inclusion in a group is usually the fulfillment of a certain set of
conditions, trust for an individual may be inherited from the group that the individual belongs to.
As Figure 91 shows, | may trust Author C and Author D who belong to Professional Society X
more than other authors because | happen to know that all members of the Professional Society
X are required to meet certain criteria for admission, one of those criteria being the requirement
that they have received an award for one of their writings. However, the real reason why I trust
Professional Society X is the fact that it is being recommended by the Academic Department Y,
which | know I can trust because | happen to be a student in that department and | have placed
Academic Department Y in a Filter I have defined for myself. It may happen that there is
information residing outside the Morsoplexis Framework that I do not have. For example, as this
figure depicts, the listing of all Award Recipients is not inside the Morsoplexis Framework,
therefore | do not know that Author A has received an award. The membership of Professional
Society X is available to the Morsoplexis Framework and it provides me with the information,
albeit incomplete. All members of Professional Society X are Award Recipients, but not all
Award Recipients are members of Professional Society X. Ideally, if some organization is
compiling a list of all Award Recipients this list can be made directly available to the

Morsoplexis Framework.
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Morsoplexis Framework
p Author A < » Author A
Author B < » Author B
- Author C < » Author C v
v Author D < > Author D v
- Professional Professional
Award Recipients > Society X < g Society X
v
Academic Academic
DepartmentY | "| Department Y

Figure 91 - Example of Part-Whole Relationships within and out the Morsoplexis Framework

The above example is rather simple, taking into consideration just one criterion, that of
receiving an Award. The existence of this information is important and certainly much better
than no information, but a thorough evaluation of an author is often a complex process involving
the consideration of a large number of criteria. This process yields a ranking relevant to some
specific query. This ranking can presented to the Morsoplexis Framework by the
Reputation/Trust systems residing outside the Morsoplexis Framework. In

Figure 92, such a Trust/Reputation system is being roughly depicted. It represents the
process of evaluation of authors by Peer Review Panel Z. The relationship between this system
and the Morsoplexis Framework is such that an Identity is being created in the Morsoplexis
Framework by the Trust/Reputation System. This Identity is called “Ranked List of Authors
Compiled by the Peer Review Panel Z”. This Identity contains as members the Identities of the
Authors it lists. The Identities of the Authors also have to be in the Morsoplexis Framework.
This ranked list is being produced by the Peer Review Panel Z, the rankings of which are
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recommended by Academic Department Y which I know I can trust and which | have specified
in my ldentity Filter. Another ranked list in the Morsoplexis Framework, produced by Peer
Review Panel W is not recommended by Academic Department Y, so its ranking will be given

much lower weight

Number of Awards Ranked List of
Authors compiled
by Peer Review
Panel W
Education
Ranked List of
. v Authors compiled | Peer Review
Professional ‘ Peer Review Panel Z by PPeer RIeZVIew Panel Z
Activities Evaluation and Ranking ane
’ 2
Reader comments |
Academic
Department Y
Citations . .
Reputation System Morsoplexis Framework

Figure 92 - Trust/Reputation System Interaction

The example in

Figure 92 above demonstrates the contribution of Trust/Reputation systems to the
Morsoplexis Framework. However, it has to be pointed out that this relationship is conceived of
as reciprocal. Fragment Associations created by users within the Morsoplexis Framework may
be used by Reputation Systems as another factor contributing to their ratings. For example, any
Fragment Associations created within the Morsoplexis Framework involving the Identities of
these Authors and affecting their reputation positively or negatively can be used by a Reputation

System. In the example above, we know that Peer Review Panel Z can be found in the
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Reputation System. If a highly ranked author receives a lot of negative comments through
Fragment Associations, the Reputation System will take that into consideration as it recompiles
its rankings.

Individual users, Aggregators and Search Engines are interacting with the Community
Registries. The anticipated accumulation of a large number of Fragment Associations and the
desire to focus on information that is both relevant with respect to a subject area and reliable
with respect to a community with common goals and needs leads to the need for establishing
usage Filters. These Filters restrict and rank the information yielded by searches involving
Fragment Associations.

The Morsoplexis Framework is not a reputation system, nor do any of its components
attempt to simulate the functionality of reputation systems. What it offers is an interface allowing
for the utilization of data extracted from reputation systems for the purpose of filtering and
sorting Information Fragments. A reputation system determines a rating for a specific person by
taking into consideration a wide range of factors involving that person’s various characteristics
and capabilities. Gail Rein provides a very lucid reference model for reputation information

systems[92].
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Figure 93 - Gail Rein's person, community and reputation classes®

The classes displayed in Figure 93 contain detailed information about the person and the
community the person belongs to. For example, “Profile” which appears as an attribute of the
“Person” class contains four arrays of statements describing a person’s knowledge, experience,
credentials and connections. This information along with “Context” and “Social Values” is used
for calculating the rating. Morsoplexis does not need the detailed information processed by the
reputation systems. What it needs is the ability to map to three basic properties:

e the identifier of the person

e therating

¢ (and optionally) a single term descriptive of that person’s ranked capabilities and
expertise

In order to demonstrate this mapping and to conceptualize the meronymic and

recommendation relationships between Identities, it will be helpful to express the example of

* From [99] G. L. Rein, "A reference model for designing effective reputation information systems,"
Journal of Information Science, vol. 31, pp. 365-380, October 1, 2005 2005.
http://jis.sagepub.com/cgi/content/abstract/31/5/365

231



Figure 92 first using Resource Description Framework (RDF) syntax, and then present
the way the relationship it expresses can be imported into and handled by the Morsoplexis
Framework. Table 25 is an RDF representation of the above examples. Assuming that Academic
Department Y (item #6, urn-ADY, shaded) is the Organization we trust, we can set it as our
starting point.

We see that items #8 and #9 contain statements asserting that two other resources, the
Data Security Experts Group (urn-DSE) and Peer Review Panel Z (urn-PRPZ) are being
recommended by Academic Department Y. For our purposes, the Peer Review Panel Z is some
kind of reputation system, even if as its name suggests some of the calculation of one’s
reputation is contributed directly by humans. We see that Peer Review Panel Z (urn-PRPZ) is
listed as the recommender in items #10, #11, #12 and #13. These items specify that the
respective Authors have each their designated trustworthiness rating (xyz:recommendationLevel)
and the expertise area in which the recommendation is applicable (xyz:isRecommendedFor).
This provides a functionality context for each one of these recommendations specifying not just
how reliable an Identity is but also how relevant this reliability is to the specific need at hand. In
the case of the Data Security Experts Group, we see that item #5 contains its description and lists
its membership, which consists of Author C and Author D. In this case, the meronymic
relationship between the Data Security Experts Group and the two authors is an implicit
recommendation.

In this example we see that Author B and Author C are being highly recommended as
Authors by the Academic Department Y, but Author C is also a member of the Data Security
Experts Group which itself is recommended for “Software: Data Security” (code number

17264250) as listed in Thomas Register[102]. Therefore, Author C can be ranked higher because
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s/he is highly recommended both for knowledge on Information Systems in general (ID 2478 in

OECD’s Macrothesaurus)[103], and specifically for Data Security.

<?xml version="1.0" encoding="utf-8"?>
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" xmlIns:fa="http://purl.org/xyz/elements/1.0/"
xmlins:dc="http://purl.org/dc/elements/1.0/">

1. <rdf:Description rdf:ID="urn-A">
<xyz:name>Author A</xyz:name>
</rdf:Description>

2. <rdf:Description rdf:ID="urn-B">
<xyz:name>Author B</xyz:name>
</rdf:Description>

3. <rdf:Description rdf:ID="urn-C">
<xyz:name>Author C</xyz:name>
</rdf:Description>

4, <rdf:Description rdf:ID="urn-D">
<xyz:name>Author D</xyz:name>
</rdf:Description>

5. <rdf:Description rdf:ID="urn-DSE">
<xyz:name>Data Security Experts Group</xyz:name>
<xyz:hasMember rdf:resource="urn-C" />
<xyz:hasMember rdf:resource="urn-D" />
</rdf:Description>

6. <rdf:Description rdf:ID="urn-ADY">
<xyz:name>Academic Department Y</xyz:name>
</rdf:Description>

7. <rdf:Description rdf:ID="urn-PRPZ">
<xyz:name>Peer Review Panel Z</xyz:name>
<xyz:recommends rdf:resource="urn-XRLM" />

</rdf:Description>

8. <rdf:Description rdf:about="urn-DSE">
<xyz:isRecommendedFor rdf:resource="http://www.thomasnet.com/products/software-data-security-
17264250-1.html" />
<xyz:isRecommendedBy rdf:resource="urn-ADY" />
<xyz:recommendationLevel rdf:resource="http://purl.org/xyz/elements/1.0/#RecommendationLevel3" />
</rdf:Description>

9. <rdf:Description rdf:about="urn-PRPZ">
<xyz:isRecommendedFor rdf:resource="http://purl.org/xyz/elements/1.0/#General_Recommendation" />
<xyz:isRecommendedBy rdf:resource="urn-ADY" />
<xyz:recommendationLevel rdf:resource="http://purl.org/xyz/elements/1.0/#RecommendationLevell" />
</rdf:Description>

10. | <rdf:Description rdf:about="urn-B">
<xyz:isRecommendedFor rdf:resource=" http://info.uibk.ac.at/info/oecd-macroth/en/2478.html" />
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<xyz:isRecommendedBy rdf:resource="urn-PRPZ" />
<xyz:recommendationLevel rdf:resource="http://purl.org/xyz/elements/1.0/#RecommendationLevel5" />
</rdf:Description>

11. <rdf:Description rdf:about="urn-C">
<xyz:isRecommendedFor rdf:resource=" http://info.uibk.ac.at/info/oecd-macroth/en/2478.html" />
<xyz:isRecommendedBy rdf:resource="urn-PRPZ" />
<xyz:recommendationLevel rdf:resource="http://purl.org/xyz/elements/1.0/#RecommendationLevel5" />
</rdf:Description>

12. <rdf:Description rdf:about="urn-A">
<xyz:isRecommendedFor rdf:resource=" http://info.uibk.ac.at/info/oecd-macroth/en/2478.html" />
<xyz:isRecommendedBy rdf:resource="urn-PRPZ" />
<xyz:recommendationLevel rdf:resource="http://purl.org/xyz/elements/1.0/#RecommendationLevel4" />
</rdf:Description>

13. <rdf:Description rdf:about="urn-D">
<xyz:isRecommendedFor rdf:resource=" http://info.uibk.ac.at/info/oecd-macroth/en/2478.html" />
<xyz:isRecommendedBy rdf:resource="urn-PRPZ" />
<xyz:recommendationLevel rdf:resource="http://purl.org/xyz/elements/1.0/#RecommendationLevell" />
</rdf:Description>

</rdf:RDF>

Table 25 - RDF Representation of Relationships Example

The above RDF representation has demonstrated how reputation system ratings and
Identity meronymic relationships can be used together. Within the Morsoplexis Framework the
ratings are imported into the Identity Recommendation component of the Identity Registry. The
purpose of interfacing with recommendation systems is to filter and sort Information Fragments.
Figure 94 outlines the process of filtering and sorting using the ratings imported as ldentity

Recommendations, the meronymic relationships between Identities and the related Qualifiers.
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Figure 94 — Filtering and sorting using recommendations imported from reputation systems

The filtering process is the following

#1. The user specifies a Filter which includes the Identity whose recommendations s/he trusts

<Filter xmIns="http://morsoplexis.org/schema/Filter.xsd" Filterld="F:66" CommunityRegistryld="ABC1234"
FilterType="IdentityFilter" >

<Title>ldentities whose recommendations | trust</Title>

<Ownerldentityld>ID:1</Ownerldentityld>
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<ldentity Identityld="urmn:ADY" /> (Academic Department Y)
</Filter>

#2. The user specifies the Qualifier s/he is interested in searching for.

#5. Any Qualifiers related to the Qualifier the user is interested in are added to the set.

#6. The next step involves the retrieval of Identities recommended by the Identity the user has in
the Filter and in turn the retrieval of Identities recommended by those recommended Identities.

The set is then narrowed down by limiting it to the Qualifiers in the set of #5.

<ldentityRecommendation xmIns="http://morsoplexis.org/schema/ldentityRecommendation.xsd">
<RecommendedIdentityld>urn:DSE</RecommendedIdentityld>
<RecommendedFor>Q:56</RecommendedFor>
<Recommendingldentityld>urn-ADY</Recommendingldentityld>
<RecommendationLevel>3</RecommendationLevel>

</IdentityRecommendation>

<ldentityRecommendation xmIns="http://morsoplexis.org/schema/ldentityRecommendation.xsd">
<RecommendedIdentityld>urn:PRPZ</RecommendedIdentityld>
<RecommendedFor>Q:56</RecommendedFor>
<Recommendingldentityld>urn-ADY</Recommendingldentityld>
<RecommendationLevel>1</RecommendationLevel>

</ldentityRecommendation>

<ldentityRecommendation xmIns="http://morsoplexis.org/schema/ldentityRecommendation.xsd">
<RecommendedIdentityld>urn:B</RecommendedIdentityld>
<RecommendedFor>Q:56</RecommendedFor>
<Recommendingldentityld> urn:PRPZ</Recommendingldentityld>
<RecommendationLevel>5</RecommendationLevel>

</ldentityRecommendation>

<ldentityRecommendation xmIns="http://morsoplexis.org/schema/ldentityRecommendation.xsd">
<RecommendedIdentityld>urn:C</Recommendedldentityld>
<RecommendedFor>Q:56</RecommendedFor>
<Recommendingldentityld> urn:PRPZ</Recommendingldentityld>
<RecommendationLevel>5</RecommendationLevel>

</ldentityRecommendation>

<ldentityRecommendation xmIns="http://morsoplexis.org/schema/ldentityRecommendation.xsd">
<Recommendedldentityld>urn:A</RecommendedIdentityld>
<RecommendedFor>Q:56</RecommendedFor>
<Recommendingldentityld> urn:PRPZ</Recommendingldentityld>
<RecommendationLevel>4</RecommendationLevel>

</ldentityRecommendation>

<ldentityRecommendation xmIns="http://morsoplexis.org/schema/ldentityRecommendation.xsd">

<RecommendedIdentityld>urn:D</Recommendedidentityld>
<RecommendedFor>Q:56</RecommendedFor>
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<Recommendingldentityld> urn:PRPZ</Recommendingldentityld>
<RecommendationLevel>1</RecommendationLevel>
</ldentityRecommendation>

#8. The set is augmented with any Identities specified as members of any of the Identities in the

Identity set of #6.

<ldentity xmIns=http://morsoplexis.org/schema/ldentity.xsd Identityld="ID:44" CommunityRegistryld="ABC1234">

<Members Memberldentityld="ID:78"/>

<Members Memberldentityld="ID:89"/>

<Members Memberldentityld="ID:31"/>
</lIdentity>

#10. Finally, the entire set of Information Fragments is searched for Information Fragments
created by any of the Identities in the Identity set of #8 and containing one of the Qualifiers in

the Qualifier set of #5.

<Fragment Fragmentld="F:69" xmlIns="http://morsoplexis.org/schema/Fragment.xsd">
<Title>???</Title>
<ldentityld>ID:89</Identityld>
<FragmentDescriptiveQualifiers FragmentDescriptiveQualifier="Q:67" />
<FragmentDescriptiveQualifiers FragmentDescriptiveQualifier="Q:524" />
</Fragment>

The schema for Identity Recommendation is the one displayed in Table 26:

<?xml version="1.0" encoding="utf-8"?>

<xs:schema id="ldentityRecommendations"
targetNamespace="http://morsoplexis.org/schema/ldentityRecommendation.xsd"
xmlns="http://morsoplexis.org/schema/ldentityRecommendation.xsd"
elementFormDefault="qualified"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Global Identifier used by most Morsoplexis items
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-FO0-9]{4}-[a-fA-F0-9]{4}-[a-fA-F0-9]{4}-[a-fA-FO-9]{12}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="RecommendationLevels">
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http://morsoplexis.org/schema/Identity.xsd

<xs:annotation>

<xs:documentation xml:lang="en">
The Morsoplexis Associable Item Types

</xs:documentation>

</xs:annotation>

<xs:restriction base="xs:string">
<xs.enumeration value="1"/>
<xs.enumeration value="2"/>
<xs:.enumeration value="3"/>
<xs.enumeration value="4"/>
<xs:enumeration value="5"/>

</xs:restriction>

</xs:simpleType>

<xs:element name="ldentityRecommendation">
<xs:complexType>
<xs:sequence>
<xs:element name="Recommendedldentityld" type="mpKey" nillable="false" />
<xs:element name="RecommendedFor" type="mpKey" nillable="false" />
<xs:element name="Recommendingldentityld" type="mpKey" nillable="false" />
<xs:element name="RecommendationLevel" type="RecommendationLevels" nillable="false" />
</xs:sequence>
</xs:complexType>
</xs:element>

</xs:schema>

Table 26 - Identity Recommendation Schema

Finally, it is fitting to add a note regarding the trustworthiness of the Community
Registries themselves. Given that Community Registries are envisioned to require a logon to
update, their maintenance has to be controlled by reputable organizations. Just like the
envisioned Identities have varying degrees of trustworthiness, Community Registries also most

likely end up being ranked based on their commitment to data integrity and service availability.

0.6.2 Information Fragment Registry

This is the core Registry of the Morsoplexis Framework. Its function is to record the Fragment
Association information. This information consists of a representation of the boundaries of each
one of the two fragments being associated. The nature of this representation varies depending on

the format of the two entities bearing the two fragments being associated. The Morsoplexis
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Framework should allow for the association of fragments of different formats. For example, a

section of an image of a reproduction of a Renaissance painting with a mythological motif can be

associated with a few lines from Ovid’s Metamorphoses. For the purposes of demonstrating the

functionality of this Framework, however, we will concentrate only on textual fragments residing

in web pages. The representation of the boundaries will consist of the respective offsets of the

beginning and ending of the fragment.

A typical Information Fragment Registry entry has approximately the following structure:

e Information Fragment

o

Fragment Description

Creation and update dates/times — the date and time of creation and
updates of the Information Fragment

Optional Title and Abstract for the Fragment

Designation as Public or Private — denoting whether the
Information Fragment is for the viewing of the creator only or
shared with the rest of the world

Designation as Retracted or not — denoting whether this
Information Fragment has been retracted by its creator. This option
is to be used in the cases in which the Information Fragment has
already been associated by another creator to another Information
Fragment, Information fragment Association or Information
Fragment Collection

The unique identifier of the Identity of the creator of the Fragment
The unique identifier of the Information Entity containing the
Fragment

Descriptive Qualifiers

Fragment Definition

Boundaries of the two Fragments — designations of boundaries for

each Information Fragment; different techniques are employed for
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each format and consequently different schemas with varying data

structures need to be defined for each format

e Information Fragment Association

o Association Description

Association Identifier — a unique identifier for the described
Information Fragment Association

Creation and update dates/times — the date and time of creation and
updates of the Information Fragment Association

An Abstract describing the Association

Designation as Public or Private — denoting whether the
Information Fragment Association is for the viewing of the creator
only or shared with the rest of the world

Designation as Retracted or not — denoting whether this
Information Fragment Association has been retracted by its
creator. This option is to be used in the cases in which the
Information Fragment Association has already been associated by
another creator to another Information Fragment, Information
fragment Association or Information Fragment Collection

Creator Identity Identifier — the unique identifier of the creator of
the Information Fragment Association

Relationship Qualifiers — qualifiers describing the relationship
between the two associated fragments

Descriptive Qualifiers — qualifiers describing the content of the

association

o Association Definition

Identifiers for the two associated Information Fragments
An Association is defined by providing a pair of any of the
following:

e Fragment

e Fragment Association

e Fragment Collection
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e Information Fragment Collection

©)

o

Collection Description
= Collection Identifier — a unique identifier for the described
Information Fragment Collection
= Creation and update dates/times — the date and time of creation and
updates of the Information Fragment Collection
= Designation as Public or Private — denoting whether the
Information Fragment Collection is for the viewing of the creator
only or shared with the rest of the world
= Designation as Retracted or not — denoting whether this
Information Fragment Collection has been retracted by its creator.
This option is to be used in the cases in which the Information
Fragment Collection has already been associated by another
creator to another Information Fragment, Information fragment
Association or Information Fragment Collection
= Creator Identity Identifier — the unique identifier of the creator of
the Information Fragment Collection
= Descriptive Qualifiers — qualifiers describing the content of the
collection
Collected Fragments — a series of identifiers of Information Fragments

collected together by a single user into a collection with a unique identifier

e Moved Item

o

o

Item Id — The id of the item regardless of its type

Item Type — The type of the item. Specified whether this item is an
Information Fragment, an Information Entity, etc.

Identity Id — The identifier of the Identity of the owner of these items

New Community Registry Id — The identifier of the Community Registry

to which these items are being moved
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The following tables present the schemata for the Information Fragment Registry. Each
one of the three schemata constituting the Information Fragment Registry contains a description
section followed by a definition section and finally a qualifier section. The description section
contains descriptive information about the Fragment, Association or Collection, such as title
update dates etc. The definition section contains the information controlling the functionality this
item provides. The qualifier section provides formal descriptors.

These schemata are not comprehensive, but they are designed to demonstrate adequately
the capabilities of the conceived Framework. They contain only the bare essentials but they have

been designed with expandability in mind.

0.6.2.1 Information Fragment Schema

The role of the Information Fragment Schema is to define a data model providing a unique
identifier for each Information Fragment and to record the technical parameters defining its
boundaries. This information is store so that it may be subsequently used to recreate the fragment
for viewing as it was originally defined. The design has taken care of providing the flexibility of
building new definitions of any possible structure. This is in recognition of the fact that some
content formats require much more complex definitions than those needed by text and images.
This schema, presented in Table 27, can be extended with any number of format definitions, such

as video, audio maps etc.

<?xml version="1.0" encoding="utf-8"?>

<xs:schema id="Fragments"
targetNamespace="http://morsoplexis.org/schema/Fragment.xsd"
elementFormDefault="qualified"
xmins="http://morsoplexis.org/schema/Fragment.xsd"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
<xs:annotation>
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<xs:documentation xml:lang="en">
The Format of the Global Identifier used by most Morsoplexis items

</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">

<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-F0-9]{4}-[a-fA-F0-9]{4}-[a-fA-FO-9]{12}"/>
</xs:restriction>

</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z[{3}[0-9}{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:group name="TextFragment">
<xs:annotation>
<xs:documentation xml:lang="en">
Definition for a Text Fragment
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="FragmentStart" type="xs:int" nillable="false" default="0"/>
<xs:element name="FragmentEnd" type="xs:int" nillable="false" default="0" />
</xs:sequence>
</xs:group>

<xs:group name="ImageFragment">
<xs:annotation>
<xs:documentation xml:lang="en">
Definition for an Image Fragment
</xs:documentation>
</xs:annotation>
<xs:sequence>
<xs:element name="FragmentTop" type="xs:decimal" nillable="false" default="0" />
<xs:element name="FragmentLeft" type="xs:decimal" nillable="false" default="0" />
<xs:element name="FragmentWidth" type="xs:decimal" nillable="false" default="0" />
<xs:element name="FragmentHeight" type="xs:decimal" nillable="false" default="0" />
</xs:sequence>
</xs:group>

<xs:element name="Fragment">
<xs:complexType>
<xs:sequence>

<l-- DESCRIPTION -->

<xs:element name="CreationDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="UpdateDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="Title" type="xs:string" default=""/>

<xs:element name="Description" type="xs:string" default="" />

<xs:element name="Private" type="xs:boolean" default="0" />

<xs:element name="Retracted" type="xs:boolean" default="0" />

<xs:element name="Identityld" type="mpKey" nillable="false" />

<xs:element name="Entityld" type="mpKey" nillable="false" />

<!-- DEFINITION -->
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<l-- Choice of various Fragment formats or another Association-->
<xs:choice>
<xs:element name="TextFragment">
<xs:complexType>
<xs:group id="TextDefinition" ref="TextFragment" />
</xs.complexType>
</xs:element>
<xs:element name="ImageFragment">
<xs:complexType>
<xs:group id="ImageDefinition" ref="ImageFragment" />
</xs:complexType>
</xs:element>
</xs:choice>

<!-- QUALIFIERS -->

<l-- Allows the entry of Qualifiers describing the content of the Fragment -->
<xs:element name="FragmentDescriptiveQualifiers" maxOccurs="unbounded">

<xs:complexType>

<xs:attribute name="FragmentDescriptiveQualifier" type="mpKey">

</xs:attribute>
</xs.complexType>
</xs:element>

</xs:sequence>
<xs:attribute name="Fragmentld" type="mpKey" use="required" />

<xs:attribute name="CommunityRegistryld" type="mpCRKey" use="required" />

</xs:complexType>

</xs:element>
</xs:schema>

0.6.2.2

Table 27 — Information Fragment Schema

The role of the Information Fragment Association Schema is to define a data model providing a
unique identifier for each Information Fragment Association and the means of recording the two
items being associated. An Information Fragment Association in essence defines a relationship
between two objects each represented by a unique identifier and qualifies this relationship with
descriptive and relationship qualifiers. As its name suggests, the two objects being associated are
primarily two Information Fragments. However, an important aspect of the Morsoplexis
Framework is that it allows for “Complex” Associations. A Complex Association is one

involving the designation another Information Fragment Association or an Information Fragment
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Collection as one of the two associated objects. This means that a user is able to identify a
Fragment Association of interest and link it to a content Fragment. This allows for the
establishment of multi-dimensional relationships between Information Fragments, Information
Fragment Associations and Information Fragment Collections. An Information Fragment
Association can serve as a launching point for comments or the juxtaposition of a variety of other
related fragments. The schema, presented in Table 28, accomplishes this functionality by
requiring two instances of the Association Definition element while providing a choice between
Information Fragment, Information Fragment Association or Information Fragment Collection as

the content of this definition.

<?xml version="1.0" encoding="utf-8" ?>

<xs:schema id="FragmentAssociations"
targetNamespace="http://morsoplexis.org/schema/FragmentAssociation.xsd"
elementFormDefault="qualified"
xmins="http://morsoplexis.org/schema/FragmentAssociation.xsd"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Global Identifier used by most Morsoplexis items
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-FO0-9]{4}-[a-fA-F0-9]{4}-[a-fA-FO-9{12}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z[{3}[0-9]{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="AssociableltemTypes">

<xs:annotation>

<xs:documentation xml:lang="en">
The Morsoplexis Associable Item Types

</xs:documentation>

</xs:annotation>

<xs:restriction base="xs:string">
<xs:enumeration value="Fragment"/>
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<xs:enumeration value="FragmentAssociation"/>
<xs:enumeration value="FragmentCollection"/>
</xs:restriction>
</xs:simpleType>

<xs:element name="FragmentAssociation">
<xs:complexType>
<xs:sequence>

<xs:element name="CreationDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="UpdateDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="Title" type="xs:string" nillable="true" />

<xs:element name="Description" type="xs:string" nillable="true" />
<xs:element name="Private" type="xs:boolean" default="false" />
<xs:element name="Retracted" type="xs:boolean" default="false" />
<xs:element name="Identityld" type="mpKey" nillable="false" />

<!-- DEFINITION -->
<!I-- Two Items must be defined for each Association -->
<xs:element name="LinkedIltem1" minOccurs="1" maxOccurs="1">
<xs:complexType>
<xs:attribute name="Linkedltemld" type="mpKey" />
<xs:attribute name="LinkedltemCommunityRegistryld" type="mpKey" />
<xs:attribute name="LinkedltemType" type="AssociableltemTypes" />
</xs:complexType>
</xs:element>
<xs:element name="LinkedIltem2" minOccurs="1" maxOccurs="1">
<xs:complexType>
<xs:attribute name="Linkedltemld" type="mpKey" />
<xs:attribute name="LinkedltemCommunityRegistryld" type="mpKey" />
<xs:attribute name="LinkedltemType" type="AssociableltemTypes" />
</xs:complexType>
</xs:element>

<l-- QUALIFIERS -->
<l-- Allows the entry of Qualifiers describing the relationship between the two Fragments -->
<xs:element name="RelationshipQualifiers" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="RelationshipQualifier" type="mpKey">
<Ixs:attribute>
</xs:complexType>
</xs:element>
<l-- Allows the entry of Qualifiers describing the content of the Assiciation -->
<xs:element name="AssociationDescriptiveQualifiers" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="AssociationDescriptiveQualifier" type="mpKey">
</xs:attribute>
</xs:complexType>
</xs:element>

</xs:sequence>
<xs:attribute name="FragmentAssociationld" type="mpKey" use="required" />
<xs:attribute name="CommunityRegistryld" type="mpCRKey" use="required" />
</xs:complexType>
</xs:element>
</xs:schema>

Table 28 - Information Fragment Association Schema
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0.6.2.3 Information Fragment Collection Schema

The role of the Information Fragment Collection Schema, presented in Table 29, is to define a
data model providing a unique identifier for each Information Fragment Collection and the
means of recording the identifiers of the Information Fragments being collected. Its structure is
similar to that of the Information Fragment schema with the difference that the definition

contains a list of the identifiers of the fragments belonging to this collection.

<?xml version="1.0" encoding="utf-8" ?>

<xs:schema id="FragmentCollections"
targetNamespace="http://morsoplexis.org/schema/FragmentCollection.xsd"
elementFormDefault="qualified"
xmins="http://morsoplexis.org/schema/FragmentCollection.xsd"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Global Identifier used by most Morsoplexis items
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-FO0-9]{4}-[a-fA-F0-9]{4}-[a-fA-FO-9{12}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z]{3}[0-9{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:element name="FragmentCollection">
<xs:complexType>
<xs:sequence>

<xs:complexType>

<xs:sequence>
<xs:element name="CreationDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="UpdateDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="Abstract" type="xs:string" nillable="true" />
<xs:element name="Private" type="xs:boolean" default="0" />
<xs:element name="Retracted" type="xs:boolean" default="0" />
<xs:element name="ldentityld" type="mpKey" nillable="false" />

</xs:sequence>
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</xs:complexType>
</xs:element>

<!-- DEFINITION -->
<l-- Several Fragments can be defined in each Collection -->
<xs:sequence maxOccurs="unbounded">
<xs:element name="CollectedFragment">
<xs:complexType>
<xs:attribute name="CollectedFragmentld" type="mpKey" />
</xs:complexType>
</xs:element>
</xs:sequence>

<l-- QUALIFIERS -->
<l-- Allows the entry of Qualifiers describing the content of the Collection -->
<xs:element name="CollectionDescriptiveQualifiers" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="CollectionDescriptiveQualifier" type="mpKey" />
</xs:complexType>
</xs:element>

</xs:sequence>
<xs:attribute name="Collectionld" type="mpKey" use="required" />
<xs:attribute name="CommunityRegistryld" type="mpCRKey" use="required" />
</xs:complexType>
</xs:element>

</xs:schema>

Table 29 - Information Fragment Collection Schema

0.6.2.4 Moved Item Registry Schema

The Moved Item Registry records items moved to another Community Registry. The
Morsoplexis Framework provides the capability of moving all items created by a specific
Identity from one Community Registry to another. The entries in this registry ensure that a
permanent redirection to the new Community Registry is in place. Each item’s Identifier and

entire contents remain the same while the Community Registry Id changes.

<?xml version="1.0" encoding="utf-8" ?>

<xs:schema id="MovedItems"
targetNamespace="http://morsoplexis.org/Movedltems.xsd"
elementFormDefault="qualified"
xmlns="http://morsoplexis.org/Movedltems.xsd"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
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<xs:annotation>

<xs:documentation xml:lang="en">

The Format of the Global Identifier used by most Morsoplexis items

</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">

<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-F0-9]{4}-[a-fA-FO-9]{4}-[a-fA-FO-9]{12}"/>
</xs:restriction>

</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z[{3}[0-9}{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="ItemTypes">
<xs:annotation>
<xs:documentation xml:lang="en">
The Morsoplexis Iltem Types
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:enumeration value="Entity"/>
<xs:enumeration value="Filter"/>
<xs:enumeration value="Fragment"/>
<xs:enumeration value="FragmentAssociation"/>
<xs:enumeration value="FragmentCollection"/>
<xs:enumeration value="Qualifier"/>
<xs:enumeration value="QualifierAssociation"/>
<xs:enumeration value="QualifierCollection"/>
</xs:restriction>
</xs:simpleType>

<xs:element name="MovedItem">
<xs:complexType>
<xs:attribute name="Itemld" type="mpKey"></xs:attribute>
<xs:attribute name="ItemType" type="ItemTypes"></xs:attribute>
<xs:attribute name="ldentityld" type="mpKey"></xs:attribute>
<xs:attribute name="NewCommunityRegistryld" type="mpCRKey"></xs:attribute>
</xs:complexType>
</xs:element>

</xs:schema>
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0.6.3 Information Entity Caching Component

The function of this component is one of capturing Information Entities in the state in which they
are at the moment of the creation of the Fragment Association and storing this captured copy to
be used whenever that given Fragment Association is used, ensuring persistence of this reference
to the Fragment Association within the Web environment which is notorious for its lack of
persistence.

Caching implementations may vary and they may utilize any technology available
meeting the needs of the Morsoplexis Framework. An implementation of the Morsoplexis
Framework needs to ensure that caching has the following functionality:

e Maintaining the same content — in the case of a web page this means the same
textual and graphical content

e Maintaining the same format — in the case of a web page this means capturing any
style sheets used by this web page

e Maintaining the same dynamic functionality to a degree that is reasonable — in the
case of a web page this means ECMAscript content. Some server-based
functionality may not be cacheable

The Morsoplexis Framework is being conceived of and designed with the understanding
that technical constraints may prevent the adequate caching of every possibly available resource.
If the Morsoplexis Framework proves to be of value, technical workarounds may be devised to
achieve optimal caching results. The technology which will be used to provide some
demonstration of this capability is “MIME Encapsulation of Aggregate Documents, such as

HTML” IETF specification®.

* http://www.apps.ietf.org/rfc/rfc2557.html
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There are two issues with which the design of the Information Entity Caching
Component has been concerned. The one is the issue of versioning and the other is the issue of
caching per se. The consideration of these issues has been crucial in the selection of the

appropriate mechanism.

0.6.3.1 Versioning
It was deemed essential that the versioning issue be addressed first. A proper design aiming at

persistency has to adopt an appropriate versioning approach. As we refer to an Information
Entity in this framework, it is important to discuss how it fits within the realm of existing version
models. Our examination needed to answer two questions:

e what the version model to be employed by this framework is
e what role an Information Entity plays within this model.
The two primary types of versioning are extensional versioning (often called state-based

versioning) and intensional versioning (often called task-based or change-based versioning) [30].
The versioning issue has been discussed more thoroughly in the Literature Review. For the
purpose of our discussion here, we will use the terms state-based and task-based.

In spite of the benefits of task-based versioning, when it comes to the required
characteristics of the Information Entity suitable for the Morsoplexis Framework, state-based
versioning is a better fit. An Information Entity has to be a single version (revision) of an item.

If the vision outlined here is to be realized, there are two inviolable requirements for links
between Information Fragments:

e The links should be adequately reliable (provided that the technical infrastructure
is operational)

e A reference to an Information Fragment within Information Entity A created by
the author of Information Entity B should be guaranteed to always bring up the
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very same version of Information Entity A that the author of Information Entity B

had consulted at the time of the creation of the link. The ability to carry the
reference over to later versions is highly desirable but it cannot be a requirement
because it the imprecise nature of such an operation.

If these references have to be absolutely reliable, then the Information Entities being

interlinked on both sides need to be frozen. If version 2 of a document A has a reference to
version 1 of document B, then we need to make sure that version 1 of document B remains
unaltered even if document B has subsequently evolved into newer versions. If the Information
Entities at the two ends of a link are frozen but additional attributes can be attached to the link
between them by the creator of the link, then the integrity of the relationship has been preserved.
This arrangement renders unnecessary the definition of special links such as what @sterbye [104]
calls “substance links” and Vitali [33] calls substantial links differentiating them from
“annotation” links. Drawing a distinction between links and arbitrarily determining which links
are guaranteed and which are not

Using a state-based model as part of the description of the essence of an Information
Entity does not obviate the employment of a change-based mechanism. A change-based

mechanism can be a useful complement, but not a requirement.

0.6.3.2 Caching
With the versioning approach having been selected, we can proceed with the consideration of

caching options. The proposal of adopting a state-based versioning model brings another
question. How does one ensure that a version of the information resource being referenced is the
same? In an open web environment this cannot be guaranteed unless references are made to a
very limited number of sites known to preserve older versions. The only practical albeit

somewhat costly solutions are:
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e using a global archive such as the Internet Archive [105]
e using a mechanism generating a registered cached copy of the version of the
information entity being referenced at the time of the reference creation
Caching was one of the features envisioned by Ted Nelson for his Xanadu [106] system.

More complex content storing solutions are the several hyperbase systems, which incorporate the
linkbase model along with an elaborate mechanism for storing content. This storage subsystem is
often called HyperBase Management System (HBMS). An example of a hyperbase system was
HyperDisco. [38] In spite of the fact that some of these hyperbase systems were considered open
systems, in their ability to incorporate additional tools and content, their goal was to provide a
superior information storage system and not to integrate with a wide and dynamic environment
such as the Web.

Lessons learned from linkbase and hyberbase systems can be used to conceive of a new
model incorporating some of their most valuable features, but taking into consideration that in
order for such a model to be successful it cannot diverge from the simplicity that the Web

provides today

0.6.3.3 The Chosen Approach and Structure
The approach chosen involves the capture of the Information Entity in the state in which it is at

the time of the Fragment Association. This solution calls for storing the Information Entity in a
format preserving its full functionality. It also calls for storage space for these Information
Entities as well as a registry keeping track of the stored information and controlling the unique
identifier attached to them.

The structure of an entry in this registry is the following

e Entityld — a unique identifier for a cached Information Entity
e EntityURI — the URI of the resource cached
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e CacheDateTime — the Date and time the caching took place

e Identityld — the unique identifier of the Identity who created this cached Information
Entity

e Unacheable — an administrative mark designating the failure of caching addressing
imperfections in the caching implementation

The schema is presented in Table 30:

<?xml version="1.0" encoding="utf-8"?>

<xs:schema id="Entities"
targetNamespace="http://morsoplexis.org/schema/Entity.xsd"
elementFormDefault="qualified"
xmins="http://morsoplexis.org/schema/Entity.xsd"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Global Identifier used by most Morsoplexis items
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-FO-9{4}-[a-fA-FO-9]{4}-[a-fA-FO-9]{12}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z[{3}[0-9]{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:element name="Entity">
<xs:complexType>
<xs:sequence>
<xs:element name="EntityURI" type="xs:anyURI" />
<xs:element name="Title" type="xs:string" />
<xs:element name="CacheDateTime" type="xs:dateTime" />
<xs:element name="Identityld" type="mpKey" />
<xs:element name="Uncacheable" type="xs:boolean" default="false" />
</xs:sequence>
<xs:attribute name="Entityld" type="mpKey" use="required" />
<xs:attribute name="CommunityRegistryld" type="mpCRKey" use="required" />
</xs:complexType>
</xs:element>

</xs:schema>

Table 30 - Information Entity Caching Schema
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0.6.4 Local Registry of Registries

The Local Registry of Registries is a copy of the Distributed Registry of Registries replicated for

performance and resolution reliability.

0.6.5 Local Qualifier Registry

The Local Qualifier Registry contains the lists of terms used to describe the relationships
between Information Fragment Associations. Its structure is identical to that of the Distributed
Qualifier Registry described in section 0.5.2.1ts two components are:

e Qualifier Collections — named collections of qualifiers used to present users with
their lists of qualifiers for assignment

e Qualifiers — a list of all qualifiers each one along with the Qualifier Collection to
which it belongs

The Local Qualifier Registry synchronizes its Qualifier Collections and Items with the
Distributed Qualifier Registry. Each Qualifier Collection bears the unique identifier of the
Community Registry in which it was created. It also bears a sharing designation. By being
designated as “CommunityRegistryOnly”, a Qualifier Collection is not synchronized with the
Distributed Qualifier Registry. As mentioned in section 0.5.2 above, some mainstream Thesauri
and Taxonomies will be part of the Distributed Qualifier Registry and they will be available to
all Local Qualifier Registries. The schema of the Local Qualifier Registry is the one shown in

Table 31.

<?xml version="1.0" encoding="utf-8" ?>

<xs:schema id="Qualifiers"
targetNamespace="http://morsoplexis.org/schema/Qualifier.xsd"
elementFormDefault="qualified"
xmins="http://morsoplexis.org/schema/Qualifier.xsd"
xmlins:xs="http://mwww.w3.0rg/2001/XMLSchema">
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<xs:simpleType name="mpKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Global Identifier used by most Morsoplexis items
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-FO-9]{4}-[a-fA-FO-9]{4}-[a-fA-FO-9]{12}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z]{3}[0-9}{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:element name="Qualifier">
<xs:complexType>
<xs:sequence>
<xs:element name="CreationDateTime" type="xs:dateTime" />
<xs:element name="UpdateDateTime" type="xs:dateTime" />
<xs:element name="QualifierName" type="xs:string" nillable="false" />
<xs:element name="QualifierDescription" type="xs:string" default="" />

<xs:element name="Otherldentifier" type="xs:string" default="">
<xs:annotation>
<xs:documentation xml:lang="en">
Otherldentifier is used for miscelleneous identifiers mostly in the case of importing external Thesauri and
Taxonomies
</xs:documentation>
</xs:annotation>
</xs:element>

<xs:element name="QualifierCollectionld" type="mpKey" nillable="false">
<xs:annotation>
<xs:documentation xml:lang="en">
The Qualifier Collection to which this Qualifier belongs
</xs:documentation>
</xs:annotation>
</xs:element>

<xs:element name="Identityld" type="mpKey" />

</xs:sequence>
<xs:attribute name="Qualifierld" type="mpKey" use="required" />
<xs:attribute name="CommunityRegistryld" type="mpCRKey" use="required" />
</xs:complexType>
</xs:element>

</xs:schema>

Table 31 - Qualifier Schema
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The schema for the Qualifier Collection is shown in Table 32.

<?xml version="1.0" encoding="utf-8" ?>

<xs:schema id="QualifierCollections"
targetNamespace="http://morsoplexis.org/schema/QualifierCollection.xsd"
elementFormDefault="qualified"
xmlns="http://morsoplexis.org/schema/QualifierCollection.xsd"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Global Identifier used by most Morsoplexis items
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-F0-9{4}-[a-fA-FO-9]{4}-[a-fA-FO-9]{12}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z[{3}[0-9}{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="QualifierCollectionTypes">
<xs:annotation>
<xs:documentation xml:lang="en">
The two types of Qualifier Collections
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:enumeration value="Relationship"/>
<xs:enumeration value="Descriptive"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="SharingTypes">
<xs:annotation>
<xs:documentation xml:lang="en">
Specifying the extent to which this Qualifier Collection is to be shared
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:enumeration value="Private">
<xs:annotation>
<xs:documentation xml:lang="en">
Private - For use by the owner Identity only
</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="Limited">
<xs:annotation>
<xs:documentation xml:lang="en">
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Limited to a certain group of Identities
</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="CommunityRegistryOnly">
<xs:annotation>
<xs:documentation xml:lang="en">
Public within this Community Registry Only
</xs:documentation>
</xs:annotation>
</xs:enumeration>
<xs:enumeration value="Global">
<xs:annotation>
<xs:documentation xml:lang="en">
Shared with other Community Registries
</xs:documentation>
</xs:annotation>
</xs:enumeration>
</xs:restriction>
</xs:simpleType>

<xs:element name="QualifierCollection">
<xs:complexType>
<xs:sequence>
<xs:element name="CreationDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="UpdateDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="CommunityRegistryld" type="mpKey" nillable="false" />
<xs:element name="QualifierCollectionName" type="xs:string" nillable="false" />
<xs:element name="QualifierCollectionDescription" type="xs:string" default="" />
<xs:element name="QualifierCollectionType" type="QualifierCollectionTypes" nillable="false" />
<xs:element name="Sharing" type="SharingTypes" default="CommunityRegistryOnly" />
<xs:element name="Identityld" type="mpKey" nillable="false" />

<xs:element name="UsedBy" minOccurs="1" maxOccurs="unbounded">
<xs:annotation>
<xs:documentation xml:lang="en">
Keeping track of the Community Registries using this Qualifier Collection
</xs:documentation>
</xs:annotation>
<xs:complexType>
<xs:attribute name="CommunityRegistryld" type="mpCRKey" use="required" />
</xs:complexType>
</xs:element>

</xs:sequence>
<xs:attribute name="QualifierCollectionld" type="mpKey" use="required" />
<xs:attribute name="CommunityRegistryld" type="mpCRKey" use="required" />
</xs:complexType>
</xs:element>
</xs:schema>

Table 32 - Qualifier Collection Schema

In order to simulate to some basic degree the functionality of traditional Thesauri and

Taxonomies, Descriptive Qualifiers will be able to be associated with other Descriptive
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Qualifiers and their association will be qualified by appropriate Relationship Qualifiers such as

“Narrower Term” and “Use for”. The schema for these Qualifier Associations is presented in

Table 33.

<?xml version="1.0" encoding="utf-8" ?>

<xs:schema id="QualifierAssociations"
targetNamespace="http://morsoplexis.org/schema/QualifierAssociation.xsd"
elementFormDefault="qualified"
xmlns="http://morsoplexis.org/schema/QualifierAssociation.xsd"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Global Identifier used by most Morsoplexis items
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-F0-9]{4}-[a-fA-FO-9]{4}-[a-fA-FO-9]{12}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z[{3}[0-9]{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:element name="QualifierAssociation">
<xs:complexType>
<xs:sequence>

<!-- DESCRIPTION -->

<xs:element name="CreationDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="UpdateDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="Title" type="xs:string" nillable="true" />

<xs:element name="Description" type="xs:string" nillable="true" />
<xs:element name="Private" type="xs:boolean" default="false" />
<xs:element name="Retracted" type="xs:boolean" default="false" />
<xs:element name="Identityld" type="mpKey" nillable="false" />

<!-- DEFINITION -->
<!-- Two Items must be defined for each Association -->
<xs:element name="Linkedltem1" minOccurs="1" maxOccurs="1">
<xs:complexType>
<xs:attribute name="LinkedltemId" type="mpKey" />
</xs:complexType>
</xs:element>
<xs:element name="Linkedltem2" minOccurs="1" maxOccurs="1">
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<xs:complexType>
<xs:attribute name="LinkedltemId" type="mpKey" />
</xs:.complexType>
</xs:element>

</xs:sequence>
<xs:attribute name="QualifierAssociationld" type="mpKey" use="required" />
<xs:attribute name="CommunityRegistryld" type="mpCRKey" use="required" />
</xs:complexType>
</xs:element>
</xs:schema>

Table 33 - Qualifier Association

0.6.6 Local Extra-Community Link Registry

The Local Extra-Community Link Registry in conjunction with the Distributed Extra-
Community Link Registry enables the coordination of the process of establishing Information
Fragment Associations and Information Fragment Collections across Community Registries. If a
user in Community Registry CR:A creates an Information Fragment Association IFA:a involving
an Information Fragment IF:b in Community Registry CR:B, Community Registry CR:B will be
apprised of this action through a concise entry in this registry. This entry will specify that IFA:a
in CR:A has as one of its two linked items IF:b which resides in CR:B. This entry will originally
be created in the Local Extra-Community Link Registry of CD:A, then copied over to the
Distributed Extra-Community Link Registry and then in turn copied over to the Local Extra-
Community Link Registry of CR:B.

This approach is taken in order to obviate the need of keeping a centralized resolver of
every single information item. Using this registry, two Community Registries are able to
exchange the lists of the items involved in these links.

The structure of an entry in this registry is the following

e Creation and Update Date and Time
e Linking Item
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o The Identifier of the Linking Item
o The Identifier of the Community Registry to which the Linking Item belongs
o The Type of the link (i.e. Information Fragment Association or Information
Fragment Collection)
e Linked Item
o The Identifier of the Linked Item
o The Identifier of the Community Registry to which the Linked Item belongs
o The Type of the link (i.e. Information Fragment, Information Fragment
Association or Information Fragment Collection)
e A designation regarding the status of the Linking Item as deleted or not. If the Linking
item is deleted, the Community Registry receiving the entry will ensure that the

previously linked item is no longer appearing as linked-to.

<?xml version="1.0" encoding="utf-8"?>

<xs:schema id ="ExtraCommunityLinks"
targetNamespace="http://morsoplexis.org/schema/ExtraCommunityLink.xsd"
elementFormDefault="qualified"
xmins="http://morsoplexis.org/schema/ExtraCommunityLink.xsd"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Global Identifier used by most Morsoplexis items
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-FO0-9]{4}-[a-fA-F0-9]{4}-[a-fA-FO-9{12}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z[{3}{0-9]{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="LinkingltemTypes">
<xs:annotation>
<xs:documentation xml:lang="en">
Linking Item Types
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
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<xs:enumeration value="FragmentAssociation"/>
<xs:enumeration value="FragmentCollection"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="LinkedltemTypes">
<xs:annotation>
<xs:documentation xml:lang="en">
Linked Item Types
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:enumeration value="Fragment"/>
<xs:enumeration value="FragmentAssociation"/>
<xs:enumeration value="FragmentCollection"/>
</xs:restriction>
</xs:simpleType>

<xs:element name="ExtraCommunityLink">
<xs:complexType>
<xs:sequence>
<xs:element name="CreationDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="UpdateDateTime" type="xs:dateTime" nillable="false" />
<xs:element name="Linkingltemld" type="mpKey" />
<xs:element name="LinkingCommunityRegistryld" type="mpCRKey" />
<xs:element name="LinkingType" type="LinkingltemTypes" />
<xs:element name="LinkedItemld" type="mpKey" />
<xs:element name="LinkedCommunityRegistryld" type="mpCRKey" />
<xs:element name="LinkedType" type="LinkedltemTypes" />
<xs:element name="Deleted" type="xs:boolean" />
</xs:sequence>
</xs:complexType>
</xs:element>

</xs:schema>

Table 34 - Local Extra-Community Link Registry Schema

0.6.7 Filter Registry

The Filter Registry stores Filters created by Identities. These Filters provide the means by which
the number of Fragment Associations displayed is restricted. Tools will be able to utilize this
registry to allow focusing on specific subjects or on Fragment Associations created by a certain
list of Identities. This capability is important in order to ensure that relevant information is being

retrieved. It also helps improve the level of reliability of the information by restricting the
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display to Fragment Associations created by trustworthy Identities

registry is as show in Table 35.

. The simple schema for this

<?xml version="1.0" encoding="utf-8"?>
<xs:schema id="Filters"

targetNamespace="http://morsoplexis.org/schema/Filter.xsd"

elementFormDefault="qualified"

xmlns="http://morsoplexis.org/schema/Filter.xsd"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<xs:simpleType name="mpKey">
<xs:annotation>
<xs:documentation xml:lang="en">

The Format of the Global Identifier used by most Morsoplexis items

</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">

<xs:pattern value="[a-fA-F0-9]{8}-[a-fA-F0-9]{4}-[a-fA-FO-9]{4}-[a-fA-FO-9]{4}-[a-fA-FO-9]{12}"/>

</xs:restriction>
</xs:simpleType>

<xs:simpleType name="mpCRKey">
<xs:annotation>
<xs:documentation xml:lang="en">
The Format of the Community Registry Identifier
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:pattern value="[a-zA-Z[{3}[0-9}{4}"/>
</xs:restriction>
</xs:simpleType>

<xs:simpleType name="FilterTypes">
<xs:annotation>
<xs:documentation xml:lang="en">
The Morsoplexis Filter Types
</xs:documentation>
</xs:annotation>
<xs:restriction base="xs:string">
<xs:enumeration value="IdentityFilter"/>
<xs:enumeration value="QualifierFilter"/>
</xs:restriction>
</xs:simpleType>

<xs:element name="Filter">
<xs:complexType>
<xs:sequence>
<xs:element name="Title" maxOccurs="1" />
<xs:element name="Ownerldentityld" />

<xs:element name="Private" type="xs:boolean" default="0" />

<xs:choice minOccurs="1" maxOccurs="1">
<xs:sequence>

<xs:element name="Identity" minOccurs="0" maxOccurs="unbounded">

<xs:complexType>

<xs:attribute name="Identityld" type="mpKey" use="required" />

</xs:complexType>
</xs:element>
</xs:sequence>

<xs:sequence>




<xs:element name="Qualifier" minOccurs="0" maxOccurs="unbounded">
<xs:complexType>
<xs:attribute name="Qualifierld" type="mpKey" use="required" />
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:choice>
</xs:sequence>
<xs:attribute name="Filterld" type="mpKey" use="required" />
<xs:attribute name="CommunityRegistryld" type="mpCRKey" />
<xs:attribute name="FilterType" type="FilterTypes" />
</xs:complexType>
</xs:element>

</xs:schema>

Table 35 - Filter Registry Schema

Users have the ability of designating a Filter as public or private, just as in the case of
Information Fragments. A Filter is always editable only by the Identity specified as “Owner
Identity”. When designated as “private” it is viewable only to the Owner Identity. If designated
as “public” the Filter is able to be used by any Identity in that Community Registry, but only the
owner is able to make changes. Any existing Filter is derivable, which means it can be used as a
template for the creation of a new Filter. This allows users to take advantage of existing Filters
that others in the same discipline have created and build on them with changes to meet their own

needs.

0.7 THE AGGREGATORS

Information Fragment Associations and cached Information Entities residing in a given
Community Registry are globally accessible, provided that the Registry is open to the public and
not restricted to its registered users. However, even in the cases in which this data is publicly
exposed, Information Fragment Association Viewing Interfaces can be of more value if they

could query Fragment Associations from multiple Community Registries. This could be
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accomplished through sequential querying of each Community Registry, but this would not be
practical performance-wise. A reasonable solution is to point Information Fragment Association
Viewing Interfaces to Aggregators. These Aggregators combine the public contents of the
Information Fragment Registries into larger combined registries which are queried with a single
efficient query and they still point to their respective Community Registries’ Caches to retrieve
the cached content. The aggregation design is similar to that of the Real Simple Syndication
(RSS), the Open Archives Initiative (OAI), the Atom Syndication Format and other such
schemes. The data accumulated by the Aggregators is read only and used only for dissemination.
Aggregation is conceived of as being a simple process. Each Community Registry exposes the
entries which have been added or updated since a given date and time, and the Aggregator adds
or updates these entries to its unified registry. All entries in this unified registry, of course, also
bear the unique identifier of the Community Registry to which they belong.

Although some Aggregators are expected to be comprehensive, most are more likely to
be selective, performing aggregation based on some conditions defining specific registries and
specific ldentity restrictions. The Aggregators are tools useful for querying descriptive content of
Information Fragments such as titles, descriptions and Descriptive Qualifiers. They may use
information from the Distributed Registry of Registries in order to select Community Registries
within a specific discipline. However, even the comprehensive Aggregators, i.e. those which
aggregate the content of all Community Registries are only tools. They do not have the central

authoritative function that the Registry of Registries has.
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0.8 POSSIBLE APPLICATION EXAMPLES

In order to better illustrate the possible impact the proposed Framework may have on current
practices, the following examples are being presented. These examples do not incorporate every
feature of the Morsoplexis Framework, nor does the Morsoplexis Framework aspire to provide a
definitive solution for the needs of these practices. However, the presentation of these examples
demonstrates that the conceived capabilities can be invaluable for a variety of uses and for

diverse communities.

0.8.1 Associating Thematic Variations

Literature abounds with instances of thematic variations appearing scattered within the content of
different works. Whether an author is directly or indirectly inspired by a theme found in an
existing work or the two themes simply have serendipitous similarities stemming out of a similar
frame of mind or similar circumstances, it is often extremely valuable to scholars studying these
two works to establish the points of similarity and comment on them. Even more valuable is the
ability to ensure that anybody visiting either of the two instances of the theme is made aware of
the other instance. Regardless of literary genre, one of the most colorful sources of such thematic
variations is Mythology. Variants of myths have existed first through the oral tradition and then
they began being incorporated in literary works. Different oral tradition branches often distorted
some of the details in a myth creating variants which would be recognized as the same myth but
sometimes with substantial differences. As myths started being incorporated into literary works

the creativity of the author would also come into play providing intentional variations. These
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similarities and differences have a lot to tell us as we study these literary works. We tend to
wonder whether a small changed detail has some larger hidden significance.

A wonderful example is the account of the Flood as related by the book of Genesis in the
Bible and by the Epic of Gilgamesh. When the tablets containing the Gilgamesh story first
started being unearthed and being translated in the nineteenth century, it was the Flood account
that created a big sensation. The two accounts bear remarkable similarities but also several
differences. With a Framework like the one envisioned here, a scholar could establish numerous
Fragment Associations between the two texts pointing out the similarities and the differences and
commenting on each one of them. In the first example, (Figure 95), we see an association
between the entire bird scout section in the Noah story in the Bible and a single reference to the
sending of a swallow in the Epic of Gilgamesh. The fact that the fragment defined in Gilgamesh
focuses on the swallow and it is linked to a fragment containing the entire section in Genesis
reveals the intention of the fragment creator. It appears that this Fragment Association is meant
to point out that there is no mention of a swallow in the Bible. This may or may not have any

significance in this particular case, but this example draws attention to it.

And it came to pass at the end of forty days, that Noah
opened the window of the ark which he had made: And
he sent forth a raven, which went forth to and fro, until
the waters were dried up from off the earth. Also he
sent forth a dove from him, to see if the waters were
abated from off the face of the ground; But the dove
found no rest for the sole of her foot, and she returned
unto him into the ark, for the waters were on the face of
the whole earth: then he put forth his hand, and took
her, and pulled her in unto him into the ark. And he
stayed yet other seven days; and again he sent forth
the dove out of the ark; And the dove came in to him in
the evening; and, lo, in her mouth was an olive leaf
pluckt off: so Noah knew that the waters were abated
from off the earth. And he stayed yet other seven days;
and sent forth the dove; which returned not again unto
him any more.

Genesis 8 verses 6-12

When the seventh day dawned | loosed
a dove and let her go. She flew away,
but finding no resting place she
returned. | loosed a swallow, and she
flew away but finding no resting place
she returned. | loosed a raven, she saw
that the waters had retreated, she ate,
she flew around, she cawed, and she
did not come back. Then | threw
everything open to the four winds, |
made a sacrifice and poured out a
libation on the mountain top.
Gilgamesh Tablet 11

Figure 95 - The Flood - Example 1
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The same two parts of the myth can invite a variety of Fragment Associations, each
concentrating on a specific detail. The example in Figure 96 draws attention to another
difference between the two versions of the myth. By juxtaposing the two fragments one does not
fail to observe that the very well-known image of the dove bringing back an olive branch is

missing from the Gilgamesh version. Scholars may have several theories regarding this omission.

With the conceived Framework this entire scholarly activity can be brought together.

And it came to pass at the end of forty days, that Noah
opened the window of the ark which he had made: And
he sent forth a raven, which went forth to and fro, until
the waters were dried up from off the earth. Also he
sent forth a dove from him, to see if the waters were
abated from off the face of the ground; But the dove
found no rest for the sole of her foot, and she returned
unto him into the ark, for the waters were on the face of
the whole earth: then he put forth his hand, and took
her, and pulled her in unto him into the ark. And he
stayed yet other seven days; and again he sent forth

the evening; and, lo, in her mouth was an olive leaf
pluckt off: so Noah knew that the waters were abated
from off the earth. And he stayed yet other seven days;

the dove out of the ark; And the dove came in to him in‘/

When the seventh day dawned | loosed
a dove and let her go. She flew away,
but finding no resting place she

Areturned. | loosed a swallow, and she

flew away but finding no resting place
she returned. | loosed a raven, she saw
that the waters had retreated, she ate,
she flew around, she cawed, and she
did not come back. Then | threw
everything open to the four winds, |
made a sacrifice and poured out a
libation on the mountain top.

and sent forth the dove; which returned not again unto Gilgamesh Tablet 11

him any more.
Genesis 8 verses 6-12

Figure 96 - The Flood - Example 2

One can imagine a scholar establishing this Fragment Association providing some
commentary about the issue and subsequently other scholars discussing the issue in separate
articles and creating Fragment Associations between fragments within their discussion and this
Fragment Association. Figure 97 demonstrates this capability along with the respective XML
entries for each item involved. The two Information Entity entries (“Genesis” and “Gilgamesh”)
are created in the Information Entity Caching Component along with the cached copies of the
Information Entities. The two Information Entities have two distinct creator Identities, “Identity
1” and “Identity 2”. However, the two Information Fragments in each one of these two
Information Entities have been created by the same person (“Scholar X”). They were created by
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“Scholar X” along with Information Fragment association “FA-1", which is the one associating
the two Information Fragments. When “Scholar X logged into the Fragment Association
Creation Interface, everything s/he created was assigned the Identity Id “Scholar X”. The XML
entries of the Information Fragments and Information Fragment Association were saved as part
of the association process in the respective components of the Information Fragment Registry.
Since these entries have “Scholar X as their creator, only “Scholar X” can alter them. In
addition to defining the boundaries of the two Information Fragments and establishing the
Information Fragment Association, “Scholar X assigns a Relationship Qualifier “ql” and two
Descriptive Qualifiers “q2” and “q3” to the Information Fragment Association. The Relationship
Qualifier in this case can stand for a Qualifier such as “Is Similar To”. In other words, it will be
the predicate in a statement regarding the two Information Fragments. The two Descriptive
Qualifiers can be terms describing the subject matter of this Information Fragment Association.
Both Relationship and Descriptive Qualifiers were picked from lists populated by members of
specific Qualifier Collections. In this particular example, “Scholar X” is likely to have used a
Qualifier Collection relevant to Mythology, Literature or Religion.

Subsequently, “Scholar A” finds Information Fragment Association “FA-1" and creates
another Information Fragment Association “FA-2” which associates “FA-1" with Information
Fragment “Fragment a” within an article s/he is writing. This means that an end-user
encountering “Fragment 1” using a Fragment Association Viewing Interface would be able to
navigate to “Fragment 2” and “Fragment a”. However, if this user has applied a Filter which

contains “Scholar X but not “Scholar A”, only “Fragment 2” is visible.
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<Entity xmIns="http:/morsoplexis.org/schema/Entity.xsd" Entityld="Entity Genesis" CommunityRegistryld="CR1">
<EntityURI>http://www.gutenberg.org/dirs/etext05/bib0110h.htm</EntityURI>
<Title>BIBLE, King James, Book 1: Genesis </Title>
<CacheDateTime>2006-10-17T01:20:27.2515198-04:00</CacheDate Time>
<IdentitylD>Identity 1</IdentitylD>
<Uncacheable>false</Uncacheable>

<[Entity>

<Fragment Fragmentld="Fragment 1" xmins="http:/morsoplexis.org/schema/Fragment.xsd"
CommunityRegistryld="CR1">
<CreationDateTime>2006-10-17T01:20:27.2515198-04:00</CreationDate Time>
<UpdateDateTime>2006-10-17T01:20:27.2515198-04:00</UpdateDate Time>
<Title>Genesis Dove Fragment</Title>
<Description></Description>
<Private>false</Private>
<Retracted>false</Retracted>
<Identityld>Scholar X</Identityld>
<Entityld>Entity Genesis</Entityld>
<TextFragment>
<FragmentStart>500</FragmentStart>
<FragmentEnd>550</FragmentEnd>
<[TextFragment>
<FragmentDescriptiveQualifiers/>
</Fragment>

————

<Entity xmins="http://morsoplexis.org/schema/Entity.xsd" Entityld="Entity Gilgamesh" CommunityRegistryld="CR1">
<EntityURI>http://www.gutenberg.org/files/11000/11000-h/11000-h.htm</EntityURI>
<Title>An Old Babylonian Version of the Gilgamesh Epic</Title>
<CacheDateTime>2006-10-17T01:20:27.2515198-04:00</CacheDateTime>
<IdentitylD>Identity 2</IdentitylD>
<Uncacheable>false</Uncacheable>

</Entity>

<Fragment Fragmentld="Fragment 2" xmIns="http://morsoplexis.org/schema/Fragment.xsd" CommunityRegistryld="CR1">
<CreationDateTime>2006-10-17T01:20:27.2515198-04:00</CreationDate Time>
<UpdateDate Time>2006-10-17T01:20:27.2515198-04:00</UpdateDate Time>
<Title>Gilgamesh Dove Fragment</Title>
<Description></Description>

Genesis

o = - = -

<Private>false</Private>
<Retracted>false</Retracted>
<Identityld>Scholar X</Identityld>
<Entityld>Entity Gilgamesh</Entityld>
<TextFragment>

Gilgamesh

- —-—-—

<FragmentAssociation FragmentAssociationld="FA-2" xmIns="http://morsoplexis.org/schema/FragmentAssociation.xsd"

CommunityRegistryld="CR1">
<CreationDateTime>2006-10-17T01:20:27.2515198-04:00</CreationDate Time>
<UpdateDateTime>2006-10-17T01:20:27.2515198-04:00</UpdateDate Time>
<Title>Comment on the use of a Dove in two Flood accounts</Title>
<Description></Description>
<Private>false</Private>
<Retracted>false</Retracted>
<Identityld>Scholar A</Identityld>
<Linkedltem1 Linkedltemld="Fragment a" LinkedItemType="Fragment"/>
<Linkedltem2 LinkedItemld="FA-1" LinkedltemType="FragmentAssociation"/>
<RelationshipQualifiers RelationshipQualifier="q4" />
<AssociationDescriptiveQualifiers AssociationDescriptiveQualifier="g5" />
<AssociationDescriptiveQualifiers AssociationDescriptiveQualifier="g6" />

</FragmentAssociation>

<Fragment Fragmentld="Fragment a" xmins="http://morsoplexis.org/schema/Fragment.xsd" CommunityRegistryld="CR1">

<CreationDateTime>2006-10-17T01:20:27.2515198-04:00</CreationDate Time>

<UpdateDateTime>2006-10-17T01:20:27.2515198-04:00</UpdateDate Time>

<Title>The use of the Dove in the Flood accounts of Genesis and Gilgamesh</Title>

<Description></Description>

<Private>false</Private>

<Retracted>false</Retracted>

<Identityld>Scholar A</Identityld>

<Entityld>Entity A</Entityld>

<TextFragment>
<FragmentStart>40</FragmentStart>
<FragmentEnd>90</FragmentEnd>

<[TextFragment>

<FragmentDescriptiveQualifiers/>

</Fragment>

<FragmentStart>600</FragmentStart>
<FragmentEnd>625</FragmentEnd>
<[TextFragment>
<FragmentDescriptiveQualifiers/>
</Fragment>

<FragmentAssociation FragmentAssociationld="FA-1" xmIns="http://morsoplexis.org/schema/FragmentAssociation.xsd"
CommunityRegistryld="CR1">

<CreationDateTime>2006-10-17T01:20:27.2515198-04:00</CreationDateTime>

<UpdateDateTime>2006-10-17T01:20:27.2515198-04:00</UpdateDate Time>

<Title>The use of a Dove in the story of the Flood in Genesis and in the Epic of Gilgamesh</Title>

<Description></Description>

<Private>false</Private>

<Retracted>false</Retracted>

<Identityld>Scholar X</Identityld>

<Linkedltem1 Linkedltemld="Fragment 1" LinkedItemType="Fragment"/>

<Linkedltem2 Linkedltemld="Fragment 2" LinkedltemType="Fragment"/>

<RelationshipQualifiers RelationshipQualifier="q1" />

<AssociationDescriptiveQualifiers AssociationDescriptiveQualifier="g2" />

<AssociationDescriptiveQualifiers AssociationDescriptiveQualifier="g3" />
</FragmentAssociation>

<Entity xmIns="http://morsoplexis.org/schemal/Entity.xsd" Entityld="Entity A" CommunityRegistryld="CR1">
<EntityURI>http://www.thejournalofneareasternstudies.com/v10/i4/5.htmli</EntityURI>
<Title>Two accounts of the Flood</Title>
<CacheDateTime>2006-10-17T701:20:27.2515198-04:00</CacheDateTime>
<IdentitylD>Scholar A</IdentitylD>
<Uncacheable>false</Uncacheable>

</Entity>

Figure 97 - Flood account example XML
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These capabilities generate a type of commentary which breaks the barriers of traditional
commentaries. A commentary has been traditionally a type of work comprising of a set of well-
organized comments referring to specific fragments within a main primary work. The primary
work has sometimes not even been included, yet it still constitutes the backbone of the
commentary. The traditional commentary was primarily the work of a single person, or at least a
compilation of comments made by multiple contributors but still put together by a single
editorial hand. The advent of the computer and the network environment made it easy for the
traditional commentary to be opened to contributions by multiple individuals. Numerous systems
allow for the addition of comments and even responses to comments. Yet the main backbone of
the commentary remains the single primary text which gave birth to the commentary. With the
envisioned framework, every single Information Entity has the potential of being both the subject
of a distributed commentary and itself a contributor to a multitude of distributed commentaries.
In other words, as Figure 98 demonstrates Information Fragments constituting a commentary
exist in parallel and they assume the primary text-comment relationship only when the focus is
placed on one particular Information Fragment. When viewing Information Entity A, the
Information Fragments b1, c1, d1 and el become parts of the commentary of Information Entity
A. When viewing Information Entity B, Information Fragment al becomes part of the

commentary of Information Entity B.

271



Focus on Entity A Focus on Entity B
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Figure 98 - Change of Focus

This commentary functionality as displayed in

Figure 98 is accomplished in the following way within the Morsoplexis Framework:

e A query is initiated against the Information Entity Caching Component using the
identifier for Entity “A”

e The cached Entity is displayed in a browser session of the Fragment Association
Viewing Interface

e Queries are initiated against the Information Fragment, Information Fragment
Association and Information Fragment Collection components of the Information
Fragment Registry

e |f the user has enabled any Filters, the queries are narrowed down by applying
these Filters from the Filter Registry

e The boundaries of the Information Fragments on this Information Entity are
retrieved from the Information Fragment entries making the display of individual
Information Fragments possible

e The user is able to see the Information Fragments contained in this Information
Entity as well as a tree of Information Fragment Associations and Information
Fragment Collections. In this example, we see Information Fragments al and a2

and a tree of associated fragments b1, c¢1, d1 and el
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e When the focus changes by following one of the links on this tree, the entire
process is being repeated by loading another Information Entity, retrieving the
associated Information Fragment’s boundaries and displaying it.

This kind of commentary bridges several works, both primary and secondary sources, in
one large seamless resource the structure of which transcends the rigidity of the Information
Entities which constitute it. This means that “thematic” Information Fragment groups serve as
important information resources themselves even though they are the creations of different
authors, residing within different works and have been created asynchronously. “Thematic
Information Fragment Groups” means Information Fragments and Information Fragment
Associations associated together on account of the fact that they are dealing with a common or
related theme. The example demonstrated in Figure 96 can be expanded further to demonstrate a
Thematic Information Fragment Group. For this example the following Information Fragments
are being considered (the two examples of comments by scholars being fictitious and being

simply used in support of the example and not as pieces of real scholarship):

Scholar A:

The olive branch is symbol of peace, signaling a truce between God and mankind. As such, it has no place in the
Gilgamesh story in which the polytheistic establishment and the difference of opinion among the deities prevents

such a truce from being so patently announced

Scholar B:

The olive branch derives its peace symbolism from the Genesis story and there is no indication that this
symbolism predates it. Therefore, the Genesis story does not employ the dove and olive branch as a symbol but

rather in its literal sense. Consequently, the absence of the olive branch from the Gilgamesh story cannot be given
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any particular significance.

Apollonius Rhodius - Argonautica Book 2 Lines 328-339:

First entrust the attempt to a dove when ye have sent her forth from the ship. And if she escapes safe with her
wings between the rocks to the open sea, then no more do ye refrain from the path, but grip your oars well in your
hands and cleave the sea's narrow strait, for the light of safety will be not so much in prayer as in strength of
hands. Wherefore let all else go and labour boldly with might and main, but ere then implore the gods as ye will,

| forbid you not. But if she flies onward and perishes midway, then do ye turn back;

Apollonius Rhodius - Argonautica Book 2 Lines 556-572:

... and then Euphemus grasped the dove in his hand and started to mount the prow; and they, at the bidding of
Tiphys, son of Hagnias, rowed with good will to drive Argo between the rocks, trusting to their strength. And as
they rounded a bend they saw the rocks opening for the last time of all. Their spirit melted within them; and
Euphemus sent forth the dove to dart forward in flight; and they all together raised their heads to look; but she
flew between them, and the rocks again rushed together and crashed as they met face to face. And the foam leapt
up in a mass like a cloud; awful was the thunder of the sea; and all round them the mighty welkin roared. The
hollow caves beneath the rugged cliffs rumbled as the sea came surging in; and the white foam of the dashing
wave spurted high above the cliff. Next the current whirled the ship round. And the rocks shore away the end of

the dove's tail-feathers; but away she flew unscathed.

Scholar C:

A dove serves as a forerunner, its fate serving as a prophecy for the fate of those following
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Scholar D:

Scholar C makes an interesting observation regarding the Argonautica story which can be applied cross-culturally

to a pair of Near Eastern stories...

Table 36- Thematic Information Fragment Group Example

The above fragments can be associated together in the fashion shown in Figure 99. This
figure illustrates the grouping together of several Information Fragments in Information Entities
(such as Genesis and the Argonautica) which would normally not have been seen together. This
Thematic Information Fragment Group stands alone within the information universe in that it
tackles a very specific theme. The figure is presented out of scale to aid with the presentation,
but the reality is that these fragments are very small fragments in large bodies of content. The
Morsoplexis Framework provides the capability of creating potentially extensive groupings of
thematically interrelated fragments residing within a vast space of large mostly unrelated works.
This example demonstrates several aspects of the Morsoplexis Framework:

e A Fragment Association is established between Information Fragments “1” and
“2”. Information Fragment “a” is then associated with the Fragment Association
of “a” and “b”, providing an example of an association between an Information
Fragment and an Information Fragment Association. Information Fragment “a” is
commenting on the relationship, similarities and differences between Information
Fragments “1” and “2”, therefore it is fitting that it be associated with the
Fragment Association between them and not with each one of them individually

e Information Fragments “3” and “4” are associated providing an example of two
Information Fragments within the same Information Entity being associated
together in order to condense the content thematically. In this case Information
Fragment “3” contains Phineus’ prophecy and advice for using a dove, and

Information Fragment “4” contains the incident of actually using the dove.
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e Information Fragment “c” is associated as “a” with the Fragment Association of

“3” and “4” providing a comment.

e Scholar D creates a Fragment Association between Fragment Association of “1”

and “2” and Information Fragment “c” and associates this new Fragment

association with a comment in an article he is writing (Information Fragment

Céd”)
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Figure 99 - Thematic Information Fragments Group

0.8.2 Focused Content Navigation

Traditionally News Organizations, Archives and other institutions have been in the habit of
collecting newspaper and magazine clippings on very specific topics. These clippings have been
usually kept in vertical files and they often consisted of partial photocopies of any possible
resource, including books. These photocopies have often been highlighted in the sections

discussing the specific topic being focused on.
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Examples of such focused collections include gatherings of carefully selected bits and
pieces of resources mentioning somebody’s name, announcements, comments and pictures of a
specific event such as the dedication of a new athletic facility, and useful information regarding
some specific political or social issue such as the use of facial recognition software or the
negative nature of television commercials used in political campaigns.

What is particularly interesting about such topics is that more often than not their
discussion appears within the discussion of a larger more newsworthy issue. For example, the
discussion regarding the use of facial recognition software has appeared over the last few years
within context related to terrorism. It has also appeared within the reporting of major sporting
events as one of the security measures being employed and within the discussion of measures
taken to prevent child abduction. The traditional practice would have aggregated that scattered
information in a single vertical folder highlighting the paragraphs dealing with the topic of
interest. The intention of the proposed Framework is to provide the capability for this same kind
of focused content aggregation in an environment which allows the users of this information to
be also contributors to this aggregation effort.

The success of Social Bookmarking sites provides evidence of the fact that ordinary
internet users are now ready to join forces in organizing information and publicly sharing the
fruits of their efforts provided that the effort is rendered minimal by a simple and efficient
interface design. This opens the door for additional efforts which may further enhance
information organization sharing.

One of the main drawbacks of traditional bookmarks is the fact that they usually refer to
a large body of content, making it difficult for somebody visiting the bookmark to identify the

purpose the resource has been bookmarked for. It is not uncommon for somebody to bookmark a
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resource and then fail to remember the reason why s/he had bookmarked that resource. The
bookmark refers to an entire resource, but the purpose for bookmarking may have been a specific
piece of information in a small subset of the content of that resource.

The Morsoplexis Framework does not only provide the capability of focusing on the
intended content, but it also enables users to navigate from the one Information Fragment to the
other because of the associations users are creating between them. This navigation overcomes the
limits of traditional navigation and allows users seeking information to take advantage of the
painstaking work others may have done to identify these useful fragments.

In order to demonstrate the focused content navigation capability the following example
is provided. The Information Fragments listed below are dealing with instances in which GPS

(Global Positioning System) devices malfunctioned or their reliability was challenged:

http://www.crowsey.com/news.asp

Peterson Trial - GPS evidence exclusion hearing

From Fox News - Tuesday, February 12, 2004, New York, NY — Many cities and towns across the United States
are turning to technology to help monitor house-arrest prisoners and to keep jails from busting at the seams. Some
are even using global positioning satellites (search) to keep track of offenders. "It's what we consider a viable
alternative to actual incarceration,”" said Lt. Wayne Garner of Louisiana's LaFourche Parish Sheriff's Office,
which has monitored 422 offenders in 2.5 years. "It keeps the jail space open for the more serious offenders.” But
the technology has its detractors. In the legal case of accused double murderer Scott Peterson, defense attorneys
tried to convince a judge Wednesday that GPS is inaccurate and unreliable. They claim their client, who is
accused of killing his wife and unborn child, was tracked by GPS devices placed by authorities in vehicles he
drove after Laci disappeared on Christmas Eve in 2002. Geragos wants all the GPS tracking evidence excluded

from the trial.
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http://www.scottisinnocent.com/Trial/Pretrial/loomis.htm

Peterson Trial Transcript — GPS and motion detector — First Fragment

Mark Geragos: Now, | had picked 1-D. If we go to the next portion of this, 1-G, which appears also to be 1-9, and
another series of entries. It also appears that we have got the same issue here where there is speeds and indication
of no motion, 51 miles an hour, 25 miles an hour, 31 miles an hour, that shows no motion on that column, yet the

speed being, probably on surface streets, of a substantial amount of speed; isn't that correct?

Peter Loomis: These are what these data sets show, yes.

http://www.scottisinnocent.com/Trial/Pretrial/loomis.htm

Peterson Trial Transcript — GPS and motion detector — Second Fragment

Peter Loomis: Okay. | notice many cases here where, of course, as we expect little or no speed, and no motion
was reported; but there are other cases where there is substantial speed. | see one here, 24 miles per hour 30 miles

per hour, and the no motion is also indicated.

Mark Geragos: So there would be a, what appears to be a longitude and latitude, 24 miles per hour, yet it says

there is no motion whatsoever; isn't that correct?

Peter Loomis: That's what it says.

http://www.scottisinnocent.com/Trial/Pretrial/loomis.htm

Peterson Trial Transcript — GPS and motion detector — Third Fragment

Mark Geragos: There appears to be some problems there as well; is that not correct? We have one 38,000 miles

per hour; is that correct?

Peter Loomis: This is interesting. This could indicate what Orion is actually doing here. This particular instance is

an instance where it is just exactly one degree longitude. If Orion is calculating their speeds by a change in
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position over those five seconds, it went, oh, 60 miles or so over five seconds. And that very well might be 38,000
miles per hour. If they have a separate motion detector in the device, that's an actual electronic little

accelerometer, tells whether they are moving or not.

http://transcripts.cnn.com/TRANSCRIPTS/0601/05/Itm.06.html

Tragedy At Sago Mines — GPS difficulties (CNN Transcripts)

But finding them was very difficult. You said you could probably have been ready to drill in about 10 or 11 hours
after the incident. It wasn't until 21 hours after the explosion that you were actually to begin boring into the

ground. That's a long time, but it was difficult for them to pinpoint the location, wasn't it?

ROSS: It was. The surveyors were having problems with the satellites on the GPS system and everything. It was
very cloudy. There was lightening and a lot of bad conditions on the surface. And we were standing by. And then
we had an original site that was done on the GPS by a local individual here and then we had to move it about 30

feet.

http://www.wral.com/news/3400765/detail.html

N.C. Boaters Urged Not To Use GPS This Weekend

POSTED: 4:58 pm EDT June 9, 2004

PORTSMOUTH, Va. -- Boaters will be unable to rely on Global Positioning System equipment and possibly cell
phones because of scheduled disruptions from Friday to Sunday that will affect mariners transiting the waters of
North Carolina and parts of Florida. GPS interference testing conducted during an exercise by the Department of
Defense will make the GPS signal unreliable and may affect cell phone signals from about 50 to 60 miles off the

coast of Cape Hatteras, N.C., and approximately 80 miles out between Jacksonville and Melbourne, Fla.

Table 37 - Focused Content Navigation Example
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These Information Fragments are found in unrelated contexts but they are themselves
related. Identifying these fragments with traditional web searching techniques is an arduous task.
By enabling users to establish Information Fragment Associations between these Information
Fragments, the Morsoplexis Framework provides the capability of creating browsing interfaces
for quick navigation between associated Information Fragments. This example demonstrates the
use of what is a typical set of Information Fragment Associations for the purpose of enhancing
browsing. An Information Fragment Collection is created consisting of Information Fragments
from the transcripts of one of the preliminary hearings of a well-known criminal trial. The three
Information Fragments highlight the points of the discussion during which some statements were
made regarding the problematic readings produced by a GPS tracking device used in that case.
The three Information Fragments (urn-6, urn-7 and urn-8) are placed in an Information Fragment
Collection because their contents complement each other in dealing with this particular issue.
Subsequently a Fragment Association is created between this Information Fragment Collection
and an Information Fragment (urn-4) within an article covering this portion of the trial. This
Fragment Association is in turn associated with an Information Fragment within the transcripts
of a news interview regarding the Sago mine tragedy and that one with another news story. The
ability to connect these fragments together in a meaningful way and to enable navigation
between them while preserving the context is an invaluable asset for anybody visiting any of
these fragments. Figure 100 illustrates a collapsible menu system built on the established

relationships described above.

281



¥ N.C. Boaters Urged Mot To Use GPS This Weekend {urn-1)
¥ Tragedy At Sago Mines — GPS difficulties (urn-2)
¥ Fragment Association (urn-3)

I Peterson Trial - GPS evidence exclusion hearing (urn-4)

¥ Fragment Collection {urn-5)
I Peterson Trial Transcript — GPS and motion detector - First Fragment (urn-6)
B Peterson Trial Transcript — GPS and motion detector - Second Fragment (urn-7)
I Peterson Trial Transcript — GPS and motion detector - Third Fragment {urn-8)

Figure 100 - Focused Content Navigation

Each menu item retrieves and display the Information Fragment it corresponds to as shown by

Figure 101.

ntitled Page - Windows Internet Explorer - |E| ﬂ
p——
[ - Ié, httpfflocalhost: 3560/Examples (Default, aspx j 1| % IWindows Live P
v e & Untited Page | | J & - B - m ~ ;2 Page - '_f.";é Taals ~

¥ N.C. Boaters Urged Not To Use GPS This Weekend (urn-1) L.
¥ |Tragedy At Sago Mines — GPS difficulties (urn-2) |
¥ Fragment Association (urn-3)

b Peterson Trial - GPS evidence exclusion hearing (urn-4)

¥ Fragment Collection (urn-5)
I Peterson Trial Transcript — GPS and motion detector - First Fragment (urn-6)
I Peterson Trial Transcript — GPS and motion detector - Second Fragment (urn-7)
I Peterson Trial Transcript — GPS and motion detector - Third Fragment (urn-8)

MIKE ROSS, COORDIMATED DRILLING EFFORT: It was quite a challenge for all of us. And we were all very ;I
concerned. And it was a matter of gathering up equipment from various companies and various friends in the oil and

gas business that had experience in drilling such as this. And we were able to getthe rigs assembled, gettrucks

and bulldozers and everything we need. And once they determined the point to drill into the mines, why we were able

to do that. It took quite a while to do that because of the holidays, because ofthe bowl games and difficult to find

personnel.

MILES O'BRIEN: Yes, coming off a holiday made it difficult to get rescue teams together, all those sors of things

made it difficult. Butfinding them was very difficult. You said you could probably have been ready to drill in about 10 or

11 hours after the incident. It wasn't until 21 hours after the explosion that you were actually to begin boring into the

ground. Thats a long time, but it was difficult for them to pinpaint the location, wasn't it? J

ROSS: Itwas. The surveyors were having problems with the satellites on the GPS system and everything. It was very
cloudy. There was lightening and a lot of bad conditions on the surface. And we were standing by. And then we had
an original site that was done on the GPS by a local individual here and then we had to move it about 30 feet. So then
we have to take the bulldozer and you have to cut another bench in order to set up the equipment and eventhing. So
that all takes time and then putting everything together.

Butthen we were very accurate on going down 260 feet and hit the mines just where they anticipated. And once they -
-fortunately, didnt hit much water on the way down. So there wasn't much water going into the mines or anything
such as that

Once we drilled into the mines, then we lowered the drill pipe down in the mine, we shut all the engines down and
listened for sounds hoping to hear something. We didnt hear anything. So then we took a hammer and was beating
on the side of the drill pipe to send out a signal. And we still received nothing back. So then we pulled the drill pipe
out of the hole and they have a camera nearby, a gentlemen out of Bluefield, West Virginia, lowered the camera
down there. And its amazing how good a picture it had taken. But we saw no signs. | mean you could see equipment
inthe mines. No signs of any life

MILES O'BRIEN: Kind of eerie, | suppose, to see it all intact and yetna. ..

ROSS: Everybody was hoping to see something and we had a large drill standing by that was capable of drilling a 36 LI

inrh hnla And aftarwatchina Anacrask 2 cannla vaare ann unin Pannedivania wa thanabtaa minht ha in 2 cimilar

Figure 101 - Focused Content Display
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The above example demonstrates that by identifying one relevant Information Fragment a
user can easily take advantage of the effort others have already put into bringing together
relevant small pieces of information. A user is also able to adjust the set of Information
Fragments being displayed with these navigation interfaces. Since the envisioned Framework
supports Filters which limit the viewable Fragment Associations to those created by Identities
belonging to a certain group, navigation varies depending on the profile being used.

This navigation is made possible by queries to the Information Fragment, Information
Fragment Association and Information Fragment Collection components of the Information
Fragment Registry. The tree, with a possibly customizable depth of branches, is being built with
these queries. Just like in the case of the previous example the composition of this tree depends
on the Filters the end-user has applied. The query used to produce this tree can be narrowed

down by applying these Filters from the Filter Registry.

0.8.3 Potential Contribution to Search Engines

The desired solution provides well-defined, relevant and focused content fragments on both ends
of a link, thus allowing existing search algorithms to be enhanced to take advantage of them. In
their ARC system, Chakrabarti et al.[73] have weighted links by considering text surrounding the
anchor on the referring page. One could envision the benefits of being able to have relevant
information fragments residing in different information entities linked directly as opposed to

having a simple link pointing to the entire information entity.
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CURRENT WEB ENVIRONMENT

Arbitrarily selected | | Linking to the
fragment surrounding an entire
embedded link - - - Information

Entity

y

PROPOSED WEB ENVIRONMENT

User-defined

Information Fragment \\
| User-defined

Information Fragment

Figure 102 - Information Entity linking vs. Information Fragment linking

As Figure 102 demonstrates, what the current web environment provides is a link
between a point in an information entity and another information entity. Search algorithms may
take into consideration an arbitrarily defined Information Fragment surrounding this link. On the
other end of the link, what we have is a reference to the entire Information Entity. The
Morsoplexis Framework provides a link between a user-defined information fragment and
another user-defined information fragment. The precision provided effortlessly by the user is a
very useful tool available to search algorithms for the purpose of better weighing and producing
better results

A more immediate and more easily demonstrable feature is one involving the blending of
traditional search engine results with information derived from the registry. For example, an
interface using currently available search engine web service-based APIs presents results to users
expanding each one of the search result items. Conceivably, each one of these items can be
expanded even with something as simple as an additional link. In the example shown in Table 38

below, a “Fragment Associations” link is added to a standard Google search result item. This
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link presumably leads to a list of Fragment Associations established for that particular

Information Entity.

PADI - Intellectual property rights management

This topic deals with the intellectual property rights and copyright issues which
relate to preserving access to digital information.

www.nla.gov.au/padi/topics/28.html - 124k - Cached Similar pages Fragment Associations €

Table 38 - Possible Google Results Example
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http://72.14.203.104/search?q=cache:JuSbyc_n5DMJ:www.nla.gov.au/padi/topics/28.html+intellectual+property+rights&hl=en&gl=us&ct=clnk&cd=52
http://www.google.com/search?hl=en&lr=&safe=off&q=related:www.nla.gov.au/padi/topics/28.html

APPENDIX B

QUERIES SUBMITTED BY SUBJECT GROUP C

Fragme Number Number Max Total
Query nt Total ) of of Phrase Phrase Phrase
Number Query Ch::act ::::::ssle: Phrases Words Type Ch:rract Chael;act
Length inQuery | in Query Length Length
british prime minister blair "power-
1 sharing deal" "northern ireland's 151 56 2 4 Both 23 41
main"
us visa iranian "President Mahmoud
Ahmadinejad" un security council
2 1a¢ Y . 392 6 2 7 Both 29 57
programme “extra sanctions against
iran"
New York, San Francisco, Portland
3 ! ’ 329 801 0 9 Word 0 0
3,200 US troops.
han wn m
4 anged dawn tuesday sadda 212 | 820 0 8 | word | o 0
hussein's 148 shiites dujail
firing eight prosecutors. u.s. attorney
5 general aide invoked constitutional 211 5665 0 10 Word 0 0
right
valerie plame glamorous democrats'
6 - P g 285 525 0 8 Word 0 0
politically motivated smear husband
"forever" stamp 41 cents "beginning in
7 may" P & & 265 88 2 3 Both 16 23
"plunged to a lifetime low" Vonage
8 P .g g 249 6 1 3 Both 25 25
Holdings Corp.
The Smithsonian draws more than 23
9 million visitors a year, most of them to 358 33 0 18 Word 0 0
museums along Washington, D.C.'s
iranians abused russia relations
10 |, ) . 376 9 1 4 Both 16 16
harmed our image
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Fragme Max Total
AT nt Total Numfber Numfber Ph Phrase Phrase
NqulnebZr Query Charact Results in Ph:ases W::r ds Tyr::e Charact Charact
. er Result Set in Query in Query er er
ength Length Length
10 years in prison soldier iraqi
11 detainee "freed and told to run before 227 30 1 7 Both 39 39
being shot"
spring 2008 timeline withdrawal
12 |°PMN8 376 | 4359 | o0 5 | word | o0 0
deadlines
"Few in the Basque Country doubt
13 ETA's days are numbered whether 719 2 1 0 Phrase 85 85
talks prosper or not."
boarding checking Indian merchan
14 g . g India erchant 406 746 0 6 Word 0 0
vessel routine
"sectarian bl h leadin
15 .. Ia:, bloodshed was leadi gto 491 6 1 0 Phrase 44 44
civil war
"Vilsacks became among the most
16 . . . . 585 39 1 0 Ph 69 69
high-profile backers of Clinton's bid." rase
proposed security council mission
17 . . . . 824 93 0 9 Word 0 0
kosovo serbia the Ahtisaari churkin or
18 death green zone Katyusha rocket 598 6899 5 Word
19 | jan. 28 chlorine gas attack 593 19843 5 Word
olitical groundwork veto showdown
20 P g. 616 4099 0 5 Word 0 0
democratic
21 | tuskegee black elite aviators world war | 518 227 0 6 Word 0 0
wal-mart chicago "thousands of job
22 . " 8 J 749 25 1 2 Phrase 27 27
applicants
23 | stubborn inflation could upend 509 123 0 4 Word 0 0
companies' DVR services for fresh TV
24 . P 655 10676 0 7 Word 0 0
episodes
Hollywood film+"cultural an
25 M OC.] ! cu tL,I, aland 685 22 1 3 Both 34 34
psychological warfare"+ISNA
U.S. accuse +nuclear reactor outside
26 | the southern city of Bushehr is not 673 326 0 19 Word 0 0
part of Irans dispute with the U.N.
Retreat +"British troops on the
27 run"+"Menzies Campbell"+a base 659 2 2 5 Both 25 41
outside Basra
IIE D 1 H 0, ll+ll
28 ADS shar.e pr,l,ce down 2% from 362 1 2 0 Phrase 26 47
25 to only nine
29 | "fbi-patriot-act " + "illegally used" 554 25 2 0 Phrase 16 30
"Iranian militants seized the U.S.
30 Embassy in Tehran following the 1979 572 66 2 0 Phrase 89 103
Islamic revolution"+"Mehdi Karroubi"
"radical Shiite cleric Mugtada al-
31 q 325 20 2 0 Phrase 37 62

Sadr"+"attack against al-Darraji"
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Fragme Number Number Max Total
AT nt Total of of Phrase Phrase Phrase
NqulnebZr Query Charact Results in Phrases Words Type Charact Charact
er Result Set . q er er
Length DERETy || WDEHERy Length Length
"a provision"+"Stephen Hadley" +"get
3y | @provision™+Stephen Hadley" +get | .o, 6 3 0 | Phrase | 25 | 50
a safe haven in Iraq
Airbus+2006+"another ntial
33 ! b,t'ls 006+"another substantia 318 4 1 1 Phrase 24 24
loss
1 |+ +" H
34 one.of us“ Stanley Crouch+"first black 373 198 1 s Both 1 1
president
"Romania's two main rulin rti
35 omanias two ?I uling parties 177 2 1 0 Phrase 50 50
met early Monday
36 | "Blair warned Iran on Tuesday" 194 99 1 0 Phrase 28 28
"BAGHDAD (Reuters) - Bomb attacks
37 . ( . ) " 165 23 1 0 Phrase 68 68
killed 77 people in Iraq on Tuesday
Bush's proposal+"coal-to-
38 L "p " P o w 361 21 2 2 Phrase 19 34
liquids"+"natural gas liquids
"Burger King Holdings Inc.
39 . "g " g .g . . " 199 6 2 0 Phrase 30 60
said"+"confine their animals in cages
Riyadh summit+"recognising a
40 y L " & & 345 2 1 2 Phrase 33 33
Palestinian partner
" ABU DHABI"+"not allow anyone to
41 . . " ¥ 225 4 2 0 Phrase 37 47
use its territory
42 "Chief government advisers 484 1 1 4 Both 34 34
accepted"+655,000 Iragis died
"truck bombings in Tal
43 | Afar"+"Wednesday, killing as many as 371 177 2 0 Phrase 32 58
60"
"lawsuit against"+Donald
44 g" . " 485 31 2 2 Phrase 23 38
Rumsfeld+"Two human rights groups
Hillary Clinton+"remarkable seven
45 ,,y - . 335 1 2 2 Phrase 21 40
days" +"raised $2.6 million
"Beazer Homes USA Inc."+FBl+"federal
46 . 304 227 2 1 Phrase | 21 39
prosecutor
SAN FRANCISCO (AP) +approved a
47 " . (AP) pl?, 484 374 1 6 Both 20 20
ban+"plastic grocery bags
a young militant Islamist commander
its leader in Mogadishu as fightin
48 g . g g 179 254 0 20 Word 0 0
raged for a second day in the coastal
capital
zimbabwe gideon gono price petrol
49 160 138 0 6 Word 0 0
200%
Mogtada al-Sadr killing U.S soldiers
50 g g 208 420 0 7 Word 0 0
Kerbala January
states moving 2008 primaries earl
51 & P y 148 52390 0 6 Word 0 0

February

288




Fragme Max Total
Query nt Total Nur:fber Nu':fber Phrase Phrase Phrase
Number Query Cha;:act ::::::ss:; Phrases Words Type Ch::act Chz:;act
Length DERETy || WDEHERy Length Length
uru Charl imonyi thur ner
5p | 8uru Charles Simonyi thursday nervous |, | o) 0 7 | word | o 0
appearances space
judge blow internet pornography
53 . 231 14722 0 8 Word
striking 1998 U.S. law or 0 0
talks north korea abruptly thursda
54 | 10 orogress” PEly y 8 | 526 1 5 Both | 11 | 11
rocket prime minister's thursday ira
55 | o P yiraa 951 | 19630 | 0 6 | Word | o 0
rocket prime minister's thursday ira
56 first P yiraq 244 19630 0 6 Word 0 0
democrats split liberals underminin
57 piit I.be ?Su dermining 222 334 0 7 Word 0 0
U.S. troops war-fighting
january 2006 hansen complained
58 NASA deutsch former intern no 301 59 0 10 Word 0 0
training
59 | News Corp "unveil YouTube" 47 176 Phrase 14 14
60 U.S. forces Iraq Iran-made 52 4288 0 Word 0 0
Chri her D hur hearin
61 'St_Op er Dodd thursday hearing 179 643 0 6 Word 0 0
subprime mortgage
62 "texas senate" 13 52254 1 0 Phrase 12 12
recalled products menu foods "United
63 States, the Food and Drug 174 12 1 4 Both 58 58
Administration has said. "
oracle sued sap ag thursday "steal
64 . bag y 180 125 0 8 Word 0 0
copyrighted software
65 | olmert "within ten days" protocols 270 24 1 2 Phrase 15 15
iranian navy gulf "Admiral Sajad
66 . .. 391 5 1 3 Both 44 44
Kushaki told state television." °
"the spectre of a broader insurgency
involving foreign Islamic extremists
67 . . 229 13 1 0 Ph 116 116
linked to Osama bin Laden's terror rase
network."
U.N. Secretary-General "Unhurt After
68 | Nearby Attack In Baghdad's Green 76 12 1 2 Phrase 50 50
Zone"
"that they will only lay down their
arms when they have a final timetable
69 y 227 2 1 0 Phrase 121 121

for the withdrawal of foreign troops
from Irag. "
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Fragme Numb Numb Max Total
Query nt Total u:‘f er u':f er Phrase Phrase Phrase
Number Query Cha;:act ::::::ss:; Phrases Words Type Ch::act Chz:;act
Length DERETy || WDEHERy Length Length
"Stark County Recorder's records show
that New Century h ne more than
70 at ef"’, e'tu ¥ .as done mo e‘ a 296 77 1 0 Phrase 128 128
$100 million in business here during
the last decade. "
"British Police Arr tsin
71 'ish Fotice est?Suspef: > " 66 41 1 0 Phrase 67 67
Deadly London Transit Bombings
72 Margerie, Iraq, Oil 944 683 0 3 Word 0 0
73 U.S. troops killed five insurgents 200 | 256343 0 5 Word 0 0
74 | UN, iraq civilian violence 1000 | 328380 0 4 Word 0 0
75 Obama, Clinton 271 177070 0 2 Word 0 0
Ahmadinejad, Iran, "technological
76 ,,J ! ! g 238 250 1 2 Phrase 22 18
progress
77 Ta.r.eq aI-IHasheml, Irag 'should talk to 864 350 0 ; Word 0 0
militants
78 | two million people displaced, Irag, BBC | 1000 | 59699 0 6 Word 0 0
"U.S. soldiers killed fi
79 US SO d|||e s killed five suspected 177 47 1 1 Phrase 16 46
militants," Baghdad
immigration card, $137, terrorism,
80 763 40 1 5 Both 22 22
"Free and Secure Trade," US
President Chirac and Nicolas Sarkoz
81 . . Y 340 134 0 11 Word 0 0
have long had a stormy relationship
Somali insurgents dragged soldiers'
82 | bodies through the streets of 198 5355 0 10 Word 0 0
Mogadishu
Moonwalker Buzz Aldrin, Hualapai
33 00 wa. er Buzz Aldrin, Hualapai . 42 : s Word : B
Reservation
Pakistan, nuclear-capable cruise
84 ! . 110 93 0 8 Word 0 0
missile, 700 km (435 miles) or
85 Health Ministry official detained, 291 356 0 9 Word 0 0
Moqtada al-Sadr's Mehdi Army militia
86 | Baghdad, car bomb, Iranian embassy 74 58867 0 5 Word 0 0
John Edwards, wif | and
87 onn 'War S.' WITE, personat an 179 197656 0 7 Word 0 0
professional life
88 | Apple 1984 YouTube 269 | 107137 0 3 Word 0 0
"eliminate remaining barriers on
89 - o & 308 55 1 2 Phrase 50 50
airline ownership," EU, US
world's largest retailer, 13,400
90 & 110 130 0 5 Word 0 0
workers
91 Sina-1, Shahab-3, Iran 186 175 0 3 Word 0 0
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Mo | totar | Nomber | Number phrase | phrase
NQUL:';L Query Charact Results in Ph:ses W::: ds P:;::e Charact Charact
Ayatollah Ali Khamenei, "But if they
92 take illegal actions, we too can take 200 225 1 3 Both 81 81
illegal actions and will do so."
93 Zamili, MinistrY of Health official, 144 212 0 . Word 0 0
arrest, corruption
94 Bush is standing by embattled 273 19518 0 9 Word 0 0
Attorney General Alberto Gonzales
The Brent crude contract for May
95 | jumped $1.09 to $61.86 a barrel on 102 14 0 19 Word 0 0
the ICE Futures exchange in London
"Tehran failed" + "February deadline
96 to suspend enrichment" + "Russia, 373 90 3 0 Phrase 39 84
China, the United States"
97 "Farzana Sayid Saidi, a 29—year‘—o.ld 351 6 1 0 Phrase 67 67
reporter and colleague of Samiei"
"The Iraq war has killed more than
98 | 3,200 U.S. military personnel and tens 227 9 1 0 Phrase 96 96
of thousands of Iraqis."
99 "Insurgent§ in western Iraq set off 196 228 1 0 Phrase 63 63
three chlorine gas car bombs"
"Fire swept through a nursing home in
100 southern Ryssia after the night )14 193 1 0 Phrase . 104
watchman ignored two alarms
Tuesday"
"Ties between the two Koreas, chilled
101 | BY Pyongayng's decision to launch 239 4 1 0 | phrase | 122 | 122
missiles and its first nuclear test in
October 2006"
"other women's rights activists staged
102 | a meeting in front of parliament in 213 2 1 0 Phrase 102 102
Tehran on Thursday afternoon"
"Adel Abdul-Mahdi, one of two vice
103 | presidents, urged international 291 22 1 0 Phrase 94 94
support for the Irag Compact"
"George Stephanopoulos" + "he has
104 jpined Unity I08.' @ g!‘oup 'Fhat would 171 50 2 0 Phrase 97 118
like to elect a bipartisan ticket to the
White House."
"Obama's profile boasted more than
105 67,000 friends." 49 69 1 0 Phrase 49 49
106 "That gives Thompson every incentive 266 »3 1 0 Phrase 59 59

to hang around and wait"
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Fragme Max Total
Query nt Total ) Nur:fber Nu':fber Phrase Phrase Phrase
L] s | teen | e | worts | T | et | Ch
Length DERETy || WDEHERy Length Length
"A gas explosion at the Ulyanovskaya
107 | mine in Kemerovo region kills 106 210 1 1 0 Phrase 77 77
people."
"On Monday South Africa, a council
108 | member, circulated amendments to 280 10 1 0 Phrase 83 83
the latest draft"
109 "An. aide‘to Eurf)pean Union foreign 190 " 1 0 Phrase 60 60
policy chief Javier Solana"
"Steinmeier, who is due to meet U.S.
110 | Secretary of State Condoleezza Riceon | 226 4 1 0 Phrase 81 81
Monday"
111 "I?»ritain's P.rince.Harry is under.gF)ing 189 19 1 0 Phrase 75 75
his last major stint of army training "
The adults then parked next to a
112 market in the Adam.iya area of 197 44 0 27 Word 0 0
Baghdad" + "according to the general
and another defense official"
"And more than half of those
113 | interviewed said they would support 165 2 1 0 Phrase 89 89
the use of British troops"
“Such interviews would be private and
114 conducted" + "Fielding said ir] .a letter 554 cg 5 0 Phrase 20 116
to the Senate and House Judiciary
committees"
115 ”North K.orea boycotted the six-party 205 6 1 0 Phrase 64 64
negotiations for over a year"
"All households will be eligible to
116 | reguestuptotwo >40 discount . 318 36 1 0 Phrase | 115 | 115
coupons to buy converter boxes until
$990 million"
117 ”Christqpher DeII.deniec.I Washington 216 4 1 0 Phrase 69 €9
was actively seeking regime change"
118 ”Presitlzlent Bl.!sh was informed .Of h.i.s 209 60 1 0 Phrase 69 €9
father's condition on Sunday night
"Families who opted for compensation
119 | from the federal fund had to give up 296 2 1 0 Phrase 110 110
the possibility of suing the airlines"
120 mn;en(jjlaa;cl,c,)rs on kosovo rejected on 206 19 1 0 Phrase 38 38
121 | Tehran "banning Iranian arms" 310 447 1 1 Phrase 20 20
122 | "Palestinian child" Gaza Hamas 212 10339 1 2 Phrase 17 17
123 | "Iraqgi Deputy Prime Minister" surgery 178 657 1 1 Phrase 27 27
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Fragme Number Number Max Total
AT nt Total of of Phrase Phrase Phrase
Numer Query Charact Results in Phrases Words Type Charact Charact
er Result Set . . er er
Length DERETy || WDEHERy Length Length
"state farm" "hurricane katrina" "clas
124 ae rarm > | 203 | 820 3 1 | Phrase | 17 | 39
action" policyholders
"suspending the campaign" "Jennifer
125 pending paign” "Jennife 269 4 2 0 | Phrase | 23 | 36
Palmieri
"Federal Communications
126 | Commission" AT&T Comcast "extra 241 237 2 2 Phrase 33 43
fees"
Arbil "Revolutionary Guard-Qods
127 ) 4 Q 380 | 52 1 1 | Phrase | 30 | 30
Force
entagon "state department" "join
128 P . " P tJoint 286 521 2 1 Phrase 16 29
command
129 | "house democrats" "artificial date" 251 290 2 0 Phrase 15 30
houdini "persistent rumors" "take a
130 per: 216 12 2 1 Phrase | 18 35
second look
131 | "federal judge" vonage friday rival 325 5698 1 3 Both 13 13
132 | "ed markey" "questioned best buy" 987 1 2 0 Phrase 19 28
133 | Kirchner anti-bush 642 5016 0 2 Word 0 0
134 | technology "cellulosic biofuels" 799 567 1 1 Phrase 19 19
135 | somali "refugee agency" 57,000 366 118 1 3 Both 14 14
136 | Yemeni coastline smugglers 206 265 0 3 Word 0 0
"u.s. military" "five soldiers" "separate
137 " 4 P 1000 167 3 0 Phrase 16 42
attacks
"arrested two men sus " car
138 . pected” ca 923 25 1 2 Phrase 26 26
bombings
"nouri al-maliki" "jalal talabani"
139 | "accountability and justice" "joint 594 32 4 0 Phrase 26 70
statement"
fray "john sununu" "fire the attorne
140 v Jon Yol 483 18 2 1 | phrase | 25 | 36
general
thompson "former marine officer"
141 | S"OMP . 605 4 1 3 Both | 21 | 21
november election
"also thursday" "menu foods" "wet
142 Saay 290 34 3 0 Phrase | 13 36
pet foods
"minimum wages" "region to region"
143 & g & 510 123 2 1 Phrase 16 29

china

Table 39 - Queries Submitted by Subject Group C
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APPENDIX C

SUBJECT COMMENTS

Upon completion of the assigned tasks subjects were asked to offer their opinion regarding their

experience and the usefulness of Information Fragment Association.

Subject Considers
Fragment Association
Subject Subject Comments Useful?
(Summarized
assessment)

Yes

1 n/a (Assessment from

recollection)

FW works way easier, it's a lot more user-friendly, but | think
[Baseline] looks better, so it would be more easy to market, |
guess. It's more visually appealing, but the other one [FW] Yes
definitely works a lot better. [To be able to refer to a specific
fragment] would be really useful, especially when it came to
articles, research, or something like that.

[Having the ability to associate two different fragments] definitely
saves a lot of time, and the FW was a lot easier to use than the
[Baseline] because it brought them up and it was a lot quicker. |
did not have to continuously search for the same thing like if |
would do it in like Google or whatever. So if you are writing like a
paper or something that would definitely - instead of printing off
3 the article you could use that instead, you know, so it would save
both paper and time. [That is something | one could use] for
College or something, especially since the FW highlighted the
fragments. When | went back | noticed that. So, | mean, it's
actually like the same as taking a highlighter to stuff you are
printing off when writing a paper, so if you wanted to do
everything all online, that's where | can see it used.

Yes

294




Subject

Subject Comments

Subject Considers
Fragment Association
Useful?
(Summarized
assessment)

Both [tools] seem to be helpful for looking at news stuff. Normally
when | look for news things | just go to Google News or
something like that so | don’t know if | would use it but for
someone who is maybe in Political Science or something doing a
lot of intensive research it might be useful. [Going directly to a
fragment instead of a full resource] is pretty cool. | think it would
be useful if you are researching one story if you want to get
different angles on the same story. If it was just everyday use |

Maybe, but not for me

4 probably wouldn’t use it but if | was doing a project or researching
something then | would consider something like that. [Baseline]
seemed to be more like a search engine so for me personally it
would probably help, but [FW] was pretty nice too. | guess | would
use them both if | was doing any intensive research type of thing.
[Baseline] is a lot like a search engine and if | was just looking for
an article on some current event or something | probably would
use that because it is very easy. FW is a little less intuitive.
Maybe, but not for me
5 n/a (Assessment based on
recollection)
| guess [associating fragments] might help. | cannot really see a No
6 scenario where | would need to have two different articles and
have links between them. Usually | mark stuff, | print stuff.
Not sure
7 nla (Assessment based on
recollection)
Yes
) nla (Assessment based on
recollection)
| thought that [Baseline] was more difficult to use and that FW
was very basic, because | have just learned how to do this, so
FW was much easier to retrieve the information and it highlighted
it in the context whereas [Baseline] you saw the selection and
then you had to go to the context. So, in order to remember Yes
9 where my mind was when | selected that | thought that FW was

more effective. [Fragment association] can be useful for research.
| personally don’t do a lot of that myself, but knowing that these
are out there that could be useful to people involved with
academics and finding certain articles and what they liked about
certain articles. And it also saves a lot of time, so they would be
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Subject

Subject Comments

Subject Considers
Fragment Association
Useful?
(Summarized
assessment)

able to retrieve the URL instead of having to write them down or
copy them into a Word document.

10

| liked [the idea of Fragment Association]. | found my searches
very quickly. FW gave me my actual searches and it was easier
to use than the [Baseline] one. | would definitely choose FW. It
probably would not [at this point be applicable to] my work. Maybe
for Grad School - I'm still undergrad, but definitely for Grad
School or if | go to Law School | would definitely be useful.

Yes

11

[The two tools were] pretty helpful. It's pretty nice that they are
lined up and that they are organized for you. The one that lines up
the two fragments side-by-side for you FW is a little bit easier for
you to know what article it came from. [The concept of Fragment
Association] is nice especially when you are writing papers and
you need to pull different ideas or concepts from many sources or
whatever, it's easy to have it all right there lined up for you, and
being able to store it in case you have to go back to the article.

Yes

(Not a very strong

endorsement)

12

| thought that for the FW program that it works really well. Just
how you can go back so easy and find them and pull them up. It
gave you a lot more information a lot quicker like sort of like
searching all over again. | thought that was really good. [Having
the ability to go from fragment to fragment] would be good.
Obviously every news source is somewhat biased and having the
ability to go back and forth that easily kind of lets you get more
sides using it that way, so | think it is useful.

Yes

Table 40 - Subject Comments - Transcripts
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APPENDIX D

LIKES AND DISLIKES

Baseline likes Baseline dislikes Baseline Baseline Baseline Baseline
Attractive Intuitive Display Retrieval
can easily search for all .
. fragments aren't connect
fragments that a certain S 1 1
word/phrase g yway.
Itis very easy to access full It's not very user friendly; it's
web articles. The interface . v . o 1 -1 1 -1
hard to find things
looks better
| liked how it was able to | disliked how SPURL took a
show me all my fragments, | long time to load when 1 1
and from what websites searching for fragments, or for
they were from the original websites.
Results were limited - took
Attractive intuitive many attempts with different 1 1
interface keywords/phrases to find the
related article
Colors. Layout of features.
Search feature. | like how Search feature is limited 1 1
you use it though their compared to FW
Internet site.
Easy to search. Sort by . .
. Can't associate two fragments
time. Good color scheme, . 1 1 0
and stories
easy on eyes
| can compare other .
P not simple much -1

articles each other
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Baseline likes Baseline dislikes Baseline Baseline Baseline Baseline
Attractive Intuitive Display Retrieval
The match ability of spurl is not
8 | like the interface of spurl. | good. You should choose 1 1
It is very friendly several keywords to find the
related fragments
more difficult to find exact
seems to have more . .
9 options lists vour links saved information, cannot read 0 -1
P ¥ it within the context
. Longer time searching. Would
10 | The graphics & . & 1 -1
not recognize keywords.
| like that SPURL stores all L . .
. that it did not line your similar
articles you have selected .
11 . matching fragments up for you. 1 -1
fragments from in 3 )
You had to find them
separate folders
More control over what .
ou could see, weren't Too many windows to
12 ¥ ! navigate, sometimes hard to -1 1

locked into only the
related article

find the connections.

Table 41 - Baseline Likes and Dislikes

298




. . FW FW FW FW
FW likes FW dislikes Attractive | Intuitive | Display | Retrieval
| didn't notice a clickable
. link to the original article.
1 E;angszzza;;i;L?gs: together. A more noticable link or 1 1
y adding the link would be
useful.
Side by side comparrison makes | Access to full web articles
2 | finding corresponding not readily apparent, less -1 -1 1 1
fragments simple visually appealing
| liked how FW was quick in
bringing up my articles and
fragments. | dl.d hOt feel as | did not dislike anything
though | was sitting there . .
o . . . about FW. | liked it a lot
waiting for it to load like | did better than SPURL. If |
3 | with the SPURL. | also like how ’ 1 1
. . had to choose one to use
it automatically brought up .
. . in the future | would
both my fragments side by side -
. definitely use FW.
when | originally searched for
my fragment. That feature
saved a lot of time.
Not quite as
4 | Very fast & relatively easy intuitive/attractive as -1 -1 1
SPURL
Search feature appears to be Sl Laymft' .Appears.
5 . clunky. | don't like how it -1 1
more dynamic than SPURL - "
is "stand alone
Interface hard to figure
Can associate two fragments out and not intuitive.
6 . & Didn't really get it. Color -1 -1 1
and stories
scheme needs
improvement
7 | simple and easy 1 1
FW has the very useful
matching ability, and it also has | The interface of FW has
8 . . . -1 1 -1 1
good navigating ability for the more room to improve.
related fragments.
shows selection in the context, .
. . not enough options,
9 | good for people first learning to . 1
. seems very basic
find fragments
Found my searches fast &
10 | efficiently. Seeing my searches | N/A 1 1
side by side
. . . That it did not put all the
11 SRR RS HEnt G020 1 articles you liked in one -1 1

front of you

easy folder for you
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. . FW FW FW FW
FW likes FW dislikes Attractive | Intuitive | Display | Retrieval
Some links that |
. . expected to take me to
All-in-one interface, no )
. the article actually took
unnecessary windows,
12 me to an extra -1 1

extremely easy to go back to

find associations

information page that
was not particularly
useful

Table 42 — FW (Test Tool) Likes and Dislikes
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APPENDIX E

PRECISION, RECALL AND F-MEASURE

Retrieved Retrieved Relevant | Relevant
N?Jl:;‘ér Baseline | Test Tool | Baseline | Test Tool 1‘_3:;:1
1 1 2 1 2 17
2 1 2 1 2 2
3 1 2 1 2 33
4 1 2 1 2 33
5 1 2 1 2 2
6 1 2 1 2 6
7 1 2 1 2 2
8 1 2 1 2 10
9 1 2 1 2 2
10 1 2 1 2 20
11 1 2 1 2 20
12 1 2 1 2 2
13 2 2 2 2 2
14 1 2 1 2 33
15 1 2 1 2 2
16 5 2 5 2 20
17 1 2 1 2 17
18 1 2 1 2 10
19 1 2 1 2 33
20 1 2 1 2 33
21 1 2 1 2 2
22 1 2 1 2 2
23 1 2 1 2 10

301




Relevant

Both
Tools

10

33
20

33
33

18

17

33

20

16

33

20

33

18

17
17

Retrieved Relevant

Test Tool

Baseline

Retrieved

Test Tool

Baseline

Query
Number

24
25
26
27
28
29
30
31

32

33

34
35

36
37

38
39
40

41

42

43

44
45

46

47

48

49

50
51

52

53

54
55

56
57
58
59
60
61
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Relevant

Both
Tools

33

33
33
20
20

17

10
33
18

17

Retrieved Relevant

Test Tool

Baseline

Retrieved

Test Tool

Baseline

Query
Number

62

63

64
65

66

67

68
69
70
71

72

73

74
75

76
77
78
79
80
81

82

83

84
85

86

87

88
89
90
91

92

93

94
95

96
97

98
99
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Relevant

Both
Tools

17

18

10
10
33

20

33

33

20

10
20

33

Retrieved Relevant

Test Tool

Baseline

Retrieved

Test Tool

Baseline

Query
Number

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
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Retrieved Retrieved Relevant | Relevant
N?Jl::;‘ér Baseline | Test Tool | Baseline | Test Tool 1'_3:::;
138 1 2 1 2 33
139 1 2 1 2 18
140 1 2 1 2 2
141 1 2 1 2 2
142 1 2 1 2 2
143 1 2 1 2 2
Table 43 - Retrieved Information Fragments
Precision Recall F-Measure
Query . . .

Number Baseline Test Tool | Baseline Test Tool Baseline | Test Tool
1 1 1| 0.058823529 | 0.117647059 | 0.111111 | 0.210526
2 1 1 0.5 1 | 0.666667 1
3 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
4 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
5 1 1 0.5 1| 0.666667 1
6 1 1 | 0.166666667 | 0.333333333 | 0.285714 0.5
7 1 1 0.5 1 | 0.666667 1
8 1 1 0.1 0.2 | 0.181818 | 0.333333
9 1 1 0.5 1 | 0.666667 1
10 1 1 0.05 0.1 | 0.095238 | 0.181818
11 1 1 0.05 0.1 | 0.095238 | 0.181818
12 1 1 0.5 1| 0.666667 1
13 1 1 1 1 1 1
14 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
15 1 1 0.5 1| 0.666667 1
16 1 1 0.25 0.1 0.4 | 0.181818
17 1 1| 0.058823529 | 0.117647059 | 0.111111 | 0.210526
18 1 1 0.1 0.2 | 0.181818 | 0.333333
19 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
20 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
21 1 1 0.5 1 | 0.666667 1
22 1 1 0.5 1 | 0.666667 1
23 1 1 0.1 0.2 | 0.181818 | 0.333333
24 1 1 0.5 1 | 0.666667 1
25 1 1 0.1 0.2 | 0.181818 | 0.333333
26 1 1 0.5 1 | 0.666667 1
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Precision Recall F-Measure
N%L:;zr Baseline Test Tool | Baseline Test Tool Baseline | Test Tool
27 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
28 1 1 0.05 0.1 | 0.095238 | 0.181818
29 1 1 0.5 1| 0.666667 1
30 1 1 0.5 1| 0.666667 1
31 1 1| 0.166666667 | 0.333333333 | 0.285714 0.5
32 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
33 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
34 1 1| 0.055555556 | 0.111111111 | 0.105263 0.2
35 1 1 0.5 1| 0.666667 1
36 1 1 0.5 1| 0.666667 1
37 1 1 0.5 1| 0.666667 1
38 1 1| 0.058823529 | 0.117647059 | 0.111111 | 0.210526
39 1 1 0.5 1| 0.666667 1
40 1 1 0.5 1| 0.666667 1
41 1 1 0.5 1| 0.666667 1
42 1 1 0.5 1| 0.666667 1
43 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
44 1 1 0.5 1| 0.666667 1
45 1 1 0.5 1| 0.666667 1
46 1 1 0.05 0.1 | 0.095238 | 0.181818
47 1 1 0.5 1| 0.666667 1
48 1 1 0.5 1| 0.666667 1
49 1 1 0.0625 0.125 | 0.117647 | 0.222222
50 1 1 1 1 1 1
51 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
52 1 1 0.5 1| 0.666667 1
53 1 1 0.05 0.1 | 0.095238 | 0.181818
54 0 1 0 1 0 1
55 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
56 1 1 0.5 1| 0.666667 1
57 1 1| 0.055555556 | 0.111111111 | 0.105263 0.2
58 1 1 0.5 1| 0.666667 1
59 1 1 0.5 1| 0.666667 1
60 1 1| 0.058823529 | 0.117647059 | 0.111111 | 0.210526
61 1 1| 0.058823529 | 0.117647059 | 0.111111 | 0.210526
62 1 1 0.5 1| 0.666667 1
63 1 1 0.5 1| 0.666667 1
64 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
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Precision Recall F-Measure
N%L:;zr Baseline Test Tool | Baseline Test Tool Baseline | Test Tool
65 1 1 0.5 1| 0.666667 1
66 1 1 0.5 1| 0.666667 1
67 1 1| 0.166666667 | 0.333333333 | 0.285714 0.5
68 1 1 0.5 1| 0.666667 1
69 1 1 0.5 1| 0.666667 1
70 1 1 0.5 1| 0.666667 1
71 1 1 0.5 1| 0.666667 1
72 1 1 0.5 1| 0.666667 1
73 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
74 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
75 1 1 0.05 0.1 | 0.095238 | 0.181818
76 1 1 0.05 0.1 | 0.095238 | 0.181818
77 1 1 0.5 1| 0.666667 1
78 1 1 0.5 1| 0.666667 1
79 1 1| 0.058823529 | 0.117647059 | 0.111111 | 0.210526
80 1 1 0.5 1| 0.666667 1
81 1 1 0.5 1| 0.666667 1
82 1 1| 0.142857143 | 0.285714286 0.25 | 0.444444
83 1 1 0.5 1| 0.666667 1
84 1 1 0.5 1| 0.666667 1
85 1 1 0.5 1| 0.666667 1
86 1 1 0.5 1| 0.666667 1
87 1 1 0.5 1| 0.666667 1
88 1 1 0.5 1| 0.666667 1
89 1 1 0.5 1| 0.666667 1
90 1 1 0.5 1| 0.666667 1
91 1 1 0.1 0.2 | 0.181818 | 0.333333
92 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
93 1 1| 0.055555556 | 0.111111111 | 0.105263 0.2
94 1 1 0.2 0.4 | 0.333333 | 0.571429
95 1 1 0.5 1| 0.666667 1
96 1 1 0.5 1| 0.666667 1
97 0 1 0 | 0.117647059 0| 0.210526
98 1 1 0.5 1| 0.666667 1
99 1 1 0.5 1| 0.666667 1
100 1 1| 0.142857143 | 0.285714286 0.25 | 0.444444
101 1 1 0.25 0.5 0.4 | 0.666667
102 0 1 0 1 0 1
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Precision Recall F-Measure
N%L:;zr Baseline Test Tool | Baseline Test Tool Baseline | Test Tool
103 1 1 0.5 1| 0.666667 1
104 1 1 0.5 1| 0.666667 1
105 1 1| 0.058823529 | 0.117647059 | 0.111111 | 0.210526
106 1 1 0.5 1| 0.666667 1
107 1 1| 0.055555556 | 0.111111111 | 0.105263 0.2
108 1 1 0.5 1| 0.666667 1
109 1 1| 0.333333333 | 0.666666667 0.5 0.8
110 1 1 0.5 1| 0.666667 1
111 1 1 0.1 0.2 | 0.181818 | 0.333333
112 1 1 0.1 0.2 | 0.181818 | 0.333333
113 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
114 1 1 0.5 1| 0.666667 1
115 1 1 0.5 1| 0.666667 1
116 1 1| 0.142857143 | 0.285714286 0.25 | 0.444444
117 1 1 0.05 0.1 | 0.095238 | 0.181818
118 1 1 0.5 1| 0.666667 1
119 1 1 0.5 1| 0.666667 1
120 1 1 0.25 0.5 0.4 | 0.666667
121 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
122 1 1| 0.333333333 | 0.666666667 0.5 0.8
123 1 1 0.5 1| 0.666667 1
124 1 1 0.5 1| 0.666667 1
125 1 1 0.5 1| 0.666667 1
126 1 1 0.5 1| 0.666667 1
127 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
128 1 1 0.5 1| 0.666667 1
129 1 1 0.05 0.1 | 0.095238 | 0.181818
130 1 1 0.2 0.4 | 0.333333 | 0.571429
131 1 1 0.5 1| 0.666667 1
132 1 1 0.5 1| 0.666667 1
133 1 1 0.5 1| 0.666667 1
134 1 1 0.1 0.2 | 0.181818 | 0.333333
135 1 1 0.05 0.1 | 0.095238 | 0.181818
136 1 1 0.5 1| 0.666667 1
137 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
138 1 1| 0.03030303 | 0.060606061 | 0.058824 | 0.114286
139 1 1| 0.055555556 | 0.111111111 | 0.105263 0.2
140 1 1 0.5 1| 0.666667 1
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Precision Recall F-Measure
N%‘;:zr Baseline Test Tool | Baseline Test Tool Baseline | Test Tool
141 1 0.5 0.666667
142 1 0.5 0.666667
143 1 0.5 0.666667

Table 44 - Precision, Recall and F-Measure
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APPENDIX F

TASK 1-PROCEDURE INSTRUCTIONS

Task 1 - Procedure

You need to have the following open:

e An IE session for SPURL

o Atesttool (FW) session for fragment association creation

®Repeat the following procedure 6 times, for the first 6 story
pairs:

e Scan the two Stories

¢ Inthe SPURL IE session make sure that two tabs are open
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¢ Inthe first tab click on Home ﬁ in the SPURL IE session
A page with a list of link pairs is displayed:

icrosoft Internet Explorer.

RIS E

* & Bl (@ x[@m | |8 BB Gk @ B

BE
BE QR

A

- Story 1
» Stary 2

Story 1
Story 2

+ Story 1

Story 1
Story 2

- St

Done ' My Computer # 100% v

~

e Click on the first story. The story is displayed in the first tab:

BBC NEWS | Middle East | US switch on Iran adds Microsoft Internet Explorer

%)X |

~ [::hPage » ¥ Tk ~ @~ ] ¢

@[] A8

e B R

BEAE NEWS

US switch on Iran adds 'missing link'

Analysis
By Paul Reynolds
World Affairs correspondent, BBC News website

The decision by the United States to attend a conference in Baghdad with Iran and Syria adds what many
observers have felt was a “missing link" in US policy in the region.

The US Secretary of State Condoleszza Rice said that as well as the official level Baghdad meeting, foreign
ministers from the same countries would also meet "as early as the first half of April"

She did not say where this mesting would be held but the talk is of Istanbul
nor did she say whether she would be mesting the Iranian Foreign Minister Manouchehr Mottaki one-on-one.

The result, though, is that, having initially and forcefully rejected the recommendations of the Irag Study Group
that the US should engage with Syria and Iran, the Bush administration is now daing just that,

These will be the highest-level contacts between the LS and Iran for two years,

And they might be a litle more fruitful than the one in 2004 between the then US Secretary of State Calin Powell
and his Iranian counterpart Kamal Kharrazi, They were put side by side at a dinner in Egypt and confined their talk
ta innacuous chitehat.

Questions

Two questions arise immediately: why is the US doing this and what impact will it have on the issue of Iran's
nuclear activities?

Part of the answer to the first came from Dr Rice in her Senate statement. Basically she said that the
adminictratinn had channad ite mind

Done: € Internet H100% -

9

e Inthe second tab click on Home ﬁ in the SPURL |E session
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e The same page with the list of link pairs is displayed:

( SA1 - Microsoft Internet Explorer

L -4 ‘@ d
W ok [%]:]@sm L{ésm x]ilE -8

WIS html DI EN

~ |2k Page - 0 Tooks - @ ] |

e

>

Fragment Association Study - SA1

Dane ' My Computer

e Click on the second story. The story is displayed in the second tab:

Iran Trade Barbs in Direct Talks - Examiner.com. icrosoft Internet Explorer

@ v |2 nttpypuman. examiner comjprinta-1227600.5.,_3ran_Trade_Barbs.in Direct_Talk ¢ | 44| X | | |2~
w & (g3 m-aacwzws\Mmu.ﬂ@u.s.,xmn x] ‘ BB &R GTos-@-EFE BE DR
o’

Send to Printer << Back to Article

EXAMINER

Middle_East
U.S,, Iran Trade Barbs in Direct Talks

By SCHEHEREZADE FARAMARZI and QASSIM ABDUL-ZAHRA, The Aszocisted Prass
Msr 10, 2007 9109 PM (2 days 390) =
Cumert rank: ot ranked

BAGHDAD - In their first direct talks since the Iraq war began, U.S. and Iranian envoys
traded harsh words and blamed each ather for the country's crisis Saturday at a one-day
international conference that some hoped would help end their 27-year diplomatic freeze.

(AP Photarsabah Arar, Pool) Iraqi Prime Minister Nouri al-Maliki opened the conference with an appeal for all participants
elegue smend the opening of et hela ease his country's plight and prevent the violent conflict here fram spilling over into
groundbresidng pesee conerence i the entire Middle East.

Baghdad, lraq Saturday, March 1m,

2007 The Draqi Prime Minister Mourt Bt the canference underscored the wide gulf between American and Iranian views over
Sl sppesled Satudi B0 phe nature of the erisis and the ways to end it,

international help to cut off networks

aiding eutremists and warned envoys
From neighbors and world powers thae DUNNG the talks, U.S, envoy David Satterfield pointed to his briefease which he said

Traq's arowing sectanan bloodshed contained documents prowing Iran was arming Shite Muslim militias in Irag.

Could spill scross the Middle Esst.

"our accusations are merely a cover for your failures in Irag,” Iran's chisf envoy Abbas Araghchi shot back, according to an
official familiar to the discussions who spoke on condition of anonymity because he was not authorized to release the
information

The U.5. ambassador to Iraq, Zalmay Khalilzad, only said that American delegates exchanged views with the Iranians
“directly and in the presence of others” during talks, whith he described as “tonstructive and businesslike.”

But Lahid Abbawi, a senior Iragi Foreign Ministry official who attended the meeting, confirmed that an argument broke out
between the Iranian and American envoys. He would not elaborate
v

Done & Internet

H100% -

e Scan the two stories and identify two related fragments
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e SPURL

e Start timing ® SPURL

" Timing |:| | |g|

- SPIURL
- Fragmentaeawver
- SPIURL

- Fragmentfeaver
- SPURL
- Fragmentf eaver
- SPUURL
- Fragmentaeawver
- SPIURL

) the first fragment and click on the SPURL button 5|
The SPURL pop-up window will come up containing the fragment you have highlighted:

GBBCNEWE L uidi {2 SpurLnet: BBC NEWS | Middle East || US switchon I.... [= |[51/3€) 58 - [Bx]

= hutpe spur phprv=tle—sBCuzoNEWS T TCrzomcde R | [e e |8
e [@Hma

. spurl net/:

SPUrL User: fas-tost1 | IR W PPN

B BBC NEWS | Middle East | US switch on
Iran adds missing link! [ ]
Questions
Two question: bve on the issus of Iran's
nuclear activiti
Part of the an Title: [BBC WEWS | Middle East | US switch on Iran add] ? she said that the

administration|
category: [ v (1) ?
She acknowle .

(new categary) ? ress. "I've had very fruitful
discussions,

General info

Tags: | 2
ThY Cescription: ?
re
wil 5
Snip: | But another reason was outlined by @ ©
White House officials who explained v
N el
9 American strategy of building

up its pressurd  Material: &) yon expiisit O Explit? ot the end of last year, the US
was in a very

But another ref

Private info

Since then, it Protect: [ 2 o make this gesture fram a

stronger positf  comment: ? ore helpful to the Iraqi
government, '

The US pressu plement the surge of roops
in Baghdad; it king it to explosive devices
used against

It is taking ad n has defied a deadine from
the Security Cdpane @ Internet % 100w - panten sanctions on Iran

It has also developed its aim of boosting the Iragi government itself by urging it to put its own house in order.

For example, a new law on getting foreign oil companies to work in Irag and on the sharing of revenue within Irag
has been agreed in framework
v

oone @ et 1o -

. Spurl! .
e Click on the button to submit your fragment

. the second fragment and click on the SPURL button E
The SPURL pop-up window will come up containing the fragment you have highlighted:
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EEX
OO
o v [hpage s GiToos - @-HE BB O R

User: fas-test1

U.S., Iran Trade Barbs in Direct Talks -
Examiner.com

her for the country's crisis Saturday at a one-day |
Ed would help end their 27-year diplomatic freeze.

d the conference with an appeal for all participants
vent the violent conflict hers from spilling over into

U5, Tran Trade Barbs in Dirsct Talks - Examine| ?
category: | v| (x) ?
/ (new category) ?
General info
Tags: | 3

= 2
e D! [But the conference underscored the |’
wide quif between American and v
Language: | English ks
Materiali @ won expiict O Explicit ?

= Private info
Frotect: [ 2

peffl Comment: Il sides to spell out their positions frankly and pave

|

A @ extremists and warned that Iraq's arowing
s

Khe - to increase their assistance to al-Maliki's
LY e @ rome Gioow - [3issue of ourtime!

“(Iraq) needs suppart in this battle that not only threatens Irag but will spill over to all countries in the region,” al-Maliki
said

Al-Maliki urged for help in stopping financial support, weapon pipelines and “religious cover” for the relentless attacks of car
bambings, killings and other attacks that have pitted Irag's Sunnis against majority Shiites. S|

& Irternet H100% v |

. Spurl! .
e Click on the button to submit your fragment

End timing & SPURL and click on “Submit”. The time is recorded and the timer returns to 0

! Timing

0:0:0:0

[] Story 1 - Fragmentisfeaver
[] Stary 2 - SPURL
[] Stom 2 - Fragmenteawver
[] Stom 3 - SPURL
[] Stom 3 - Fragment'eawer
[] Story 4 - SPURL
[] Story 4 - Fragmentis/eaver
[] Story 5 - SPURL

[] Story 1 -SPURL
[] Story 1 - Fragmentisfeaver [] Story 1 - Fragmentisfeaver
[] Stary 2 - SPURL [] Stary 2 - SPURL

[] Stom 2 - Fragmenteawver [] Stom 2 - Fragmenteawer
[] Stom 3 - SPURL [] Stom 3 - SPURL
[] Stom 3 - Fragmentu'eawer [] Stom 3 - Fragment'eawer
[] Story 4 - SFURL [] Story 4 - SFURL
[] Story 4 - Fragmenti'eaver [] Story 4 - Fragmenti'eaver
[] Story 5 - SPURL L. Storp 5 - SPUURL

ETE ETE
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FW

fyHeme oy

The same page with the list of link pairs is displayed:

In the first tab click on Home

=<* Fragment Weaver
P start

Entiy #1 | Eniity #2 | Fragment Association | Browss | Display

i quBack o Fwrd |[m/stop 7*Reload {iyHome | 4 Prink | = Mark Fragment |8 Clear | [] Fresh Cache

||\\e'ﬂ‘-f'/E APWASATL kbl 5 ‘@ a3eafdeb 5605431 c-9adb-809bEe 31380

Fragment Association Study - SA1

0
« Story 1
« Story 2

1
+ Story 1
« Story 2 4

2
» Story 1
« Story 2

3
» Story 1
. Stony 2

4
« Story 1
. Stony 2

Loggedin as: jdoe

Click on the first story. The story is displayed in the first tab.

P start
Entip 81 | Enfily #2 | Fragment Association | Browse | Display
i qaBack o Ferd |[m|Stop % Reload {iyHome | 4 Prink | = Mark Fragment | Clear J [ Fresh Cache
|t newsote.bbe. oo, uk fmpapps/pagetools/print/neus. bbe. ca.uic/2/hifmiddle_east v () igpdees Ac67-4cac-am1877255722538
e
US switch on Iran adds "missing link’ 3
Analysis
By Paul Reynolds
Warld affairs correspondent, BBC News website
The decision by the United States to attend a conference in Baghdad with Iran and Syria adds what
many observers have felt was a "missing link" in US policy in the region.
The US Secretary of State Condoleezza Rice said that as well as the official level Baghdad meeting,
foreign ministers from the same countries would also meet "as early as the first half of april”.
She did not say where this meeting would be held but the talk is of Istanbul.
Nor did she say whether she would be meeting the Iranian Foreign Minister Manouchehr Mottaki one-on-
one.
The result, though, is that, having initially and forcefully rejected the recommendations of the Irag Study
Group that the US should engage with Syria and Iran, the Bush administration is now doing just that.
v

Logged in as: jdos
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‘m Harme i

The same page with the list of link pairs is displayed:

In the second tab click on Home n FW

P start

Entity #1 | Entity #2 | Fragment &ssociation | Browse | Display

i 4aBack o Ferd ||mStop i Reload {jyHome | 4 Print | = Mark Fragment | Clear J

820

[ Fresh Cache

|Ne.rWE APWASAT html afeaBeb-5605-431 c-Sadh-809b6231380

Fragment Association Study - SA1

]

« Story 1
« Story 2

1

« Story 1
« Story 2

2
o Story 1
» Story 2

3
o Stary ]
» Story 2

4
« Story 1
+ Story 2

Logged in as: jdos

Click on the second story. The story is displayed in the second tab.

=<* Fragment Weaver

P start
Entip #1 | Entity#2 | Fragment Association | Erowse | Display
i quBack o Fwrd |[m/Stop *Reload {iyHome | 4 Prink | = Mark Fragment |8 Clear | [] Fresh Cache
|t v eaminer com/printa-612276™U.5._lian_Trade_Barbs_in_ Diect_Taks.him v (@) i4sna2ac h341-4463-9080 conca3ehad
~
Send to Printer <« Back to Article
Middle_East
U.S., Iran Trade Barbs in Direct Talks
By SCHEHEREZADE FARAMARZI 3nd QASSIM ABDUL-ZAHRA, The Associated Press
Mar 10, 2007 9:09 PM (12 days ago)
Currant rank: # 2,783 of 18,846
BAGHDAD - In their first direct talks since the Irag war began, U.S. and Iranian
envoys traded harsh words and blamed each other for the country's crisis
Saturday at a one-day international conference that some hoped would help end
their 27-year diplomatic freeze.
(AP Photo/Sabsh Arar Posl) . . - .
Delegates attend the spening of the IF301 Prime Minister Nouri al-Maliki opened the conference with an appeal for all
groundbresking peace conference in participants to help ease his country's plight and prevent the violent conflict here
Baghdad, Tran, Saturdaw, March 10, fram spilling over into the entire Middle East.
2007, The Iraqi Prime Minister Mouri
Slmalkl - sppesled Sotuday o g ko conference underscared the wide gulf between American and Irarian
intarnstional help ta cut off netwarks
Liding eutremists and warmed envoys WIEWS OVEr the nature of the crisis and the ways to end it
fram neighbors and world powers that
Trzn's aroewing sectavian blosdshed During the talks, U.S. envoy David Satterfield pointed to his briefease which he b
Loggedinas: jdoe
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e Starttiming ® FW

Storg 1 -[SEURE
[] Story 1 - Fragmentia/eaver
[] Stary 2 - SPURL

[] Stom 2 - Fragmenteawer
[] Stom 3 - SPURL
[] Stom 3 - Fragmentu'eawer
[] Story 4 - SFURL
[] Story 4 - Fragmentiy'eaver
[] Story 5 - SPURL

o [BIEIIIE the first fragment and click on  — Mark Fragment

~<* Fragment Weaver

P start

Entiy #1 | Eniity#2 | Fragment Association | Browse | Display |

Fragment &ssociation

i gaBack o Furd |[m/Stop *Reload {iyHome | 4 Prink | — Mark Fragment |8 Clear J

| ttp:neasvote. b o, uk /mpapps/pagetools/piint/news bbs. co.uk/2/hifmi S £9)

The result, though, is that, having initially and forcefully rejecte

and confined their talk to innocuous chitchat.

Questions

Iran's nuclear activities?

administration had changed its mind,

fruitful discussions," she said,

[] Fresh Cache

d82debee-3c67-4c30-2e19-77 aba7 22239

the recommendations of the Irag Study

These will be the highest-level contacts between the US and Iran for two years.

Group that the US should engage with Syria and Iran, the Bush administration is now doing just that.

and they might be a little mare fruitful than the one in 2004 between the then US Secretary of State

Colin Powell and his Iranian counterpart Kamal Kharrazi. They were put side by side at a dinner in Egypt

Two questions arise immediately: why is the US doing this and what impact will it have on the issue of

Part of the answer to the first came from Dr Rice in her Senate statement. Basically she said that the

She acknowledged baoth the Irag Study Group by name and pressure from the Congress. "I've had very

doing just that.

The result is that, having initially and forcefully rejected the
recommendations of the Iraq Study Group that the US should
engage with Syria and Iran, the Bush administration is now

Logged in as: jdos
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RISRDE: the second fragment and click on  — Mark Fragment

<+ Fragment Weaver D@ﬁ

P start

Entity #1 | EntityH2 | Fragmert Association | Browse | Display
i 4eBack o Furd ||mStop *Reload {3} Home | Print | = Mark Fragment [ Clear | [] Fresh Cache

bty examines. com/printa-B1 227615, _Iran_Trade_Barbs_in_Direct T aMgptm

ddaZaZac-h341-4463-9550-ceecl3Febal

Iragi Prime Minister Nouri al-Maliki opened the conference with an appeal for all
participants ta help ease his country's plight and prevent the violent conflict here
fram spilling over into the entire Middle East.

But the conference underscored the wide guif between American and Iranian
wiews over the nature of the crisis and the ways to end it

During the talks, U.S. envoy David Satterfield pointed ta his hriefcase which he
said contained documents proving Iran was arming Shiite Muslin militias in Irag.

“Your accusations are merely a cover for your failures in Iraq,” Iran's chief envoy Abbas Araghchi shot back,
according to an official familiar to the discussions who spoke on condition of anonymity because he was not
authorized to release the information.

The U.5. ambassador to Irag, Zalmay Khalilzad, only said that American delegates exchanged views with the
Iranians "directly and in the presence of others" during talks, which he described as "constructive and
businesslike."

But Labid abbawi, a senior Iragi Foreign Ministry official who attended the meeting, confirmed that an argument
broke out between the Iranian and American envoys. He would not elaborate.

Before the talks, U.S. officials said the Baghdad conference would allow all sides to spell aut their positions frankly
and pave the way for maore substantive discussions on resolving the Irag crisis.

Al-Maliki, a Shiite, appealed for international helo to sever networks aiding extremists and warned that Iraa's
Loggedinas: jdoe

Go to the third tab (Fragment Association)

The two fragments are being displayed

Click on the button

BX

<> Fragm:
P start
Entiy #1 | Entiy #2 | Fragment Association | Browse | Display
Fragment Association
~
Fragment BBCNEWS | Middie Eact [ IS switch on lran adds missing
Title: ke
Fragment
Description:
URE: hitp:/newsvote. bbe. co.uk/mpapps/pagetacs piint/news bbe. ¢
Date/Time: 3/ 3/2007 45206 P
Entity ID: 916091221 3854373 b153-ech 781 3bbE8C f—
Fragment:  But anather reason was oullined by White House affcials who explained the recent American stiategy of bulding up s pressure paints on Iran. These, in
ashington's view, were needed because at the end of last pear_the US was in a verp weak position,
Since then, it has got its dplomaic ducks in a row and now feels that t can afford to moke this gesture from a stronger posilion, not as a supplcant
“w/ashington wil be demanding that Iran be more helpful ko the Iraci government.
The US pressure on lran has arown in several waps: it has planned and begun to implement the swige of toops in Baghdad; it has raicheted up the campaign
by producing evidence against lian linking it to explosive devices used against L3 forces i has moved a second aitciah carier into the Gul
dd Descliptive Qualifier v
Association
Association
Description:
dd Descliptive Qualifier v
‘4dd Relationship Qualiier v
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The U 5. ambassador to l1ag, Zalmay Khalilzad, only said that dmerican delegates exchanged views with the Iranians "diectly and in the presence of others™
duing talks, which he described as "constuctive and businesslke."
But Labid Abbari, a senior Iragi Foreign Ministy offcial who altended the mesting, confimed that an argument bioks out between the l1anian and Ameican
envoys. He would not elabarate.
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End timing FW click on “Submit”. The time is recorded and the timer returns to 0

TEES ) S INEE

0:0:34:16 0:0:0°0

- SPURL Store 1 - SPURL Store 1 - SPURL
- Fragment"-.-'-.-"eaver [] Story 1 - Fragmentis/eaver Story 1 - Fragmentis eaver
- SPURL [] Story 2 - SPURL [] Story 2 - SPURL

- Fragmentaeaver [] Stary 2 - Fragrmenti eaver [] Stary 2 - Fragrentifeaver
- SPIURL [] Stom 3 - SPURL [] Stom 3 - SPURL
- Fragmentaeawver [] Stom 3 - Fragmenteawer [] Stom 3 - Fragment'eawer
- SPIURL [] Stom d - SPURL [] Stom 4 - SPURL
- Fragmentweaver [] Story 4 - Fragmentys [] Story 4 - Fragmenti eaver
- SPURL [] Story 5 - [] Story 5-SPURL

®Please repeat the above procedure for 6 more stories,

performing the FW section before the SPURL section
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®Please answer the following questions:

o How difficult was it to define a fragment in SPURL?
Very Difficult DO Dl DZ D3 D4 D5 DB Very Easy

o How difficult was it to define a fragment in FW?
Very Difficult DO Dl DZ D3 D4 DS DG Very Easy

o How useful is the FW feature allowing the connection of two fragments?
Not Useful DO Dl DZ DS D4 DS DG Very Useful

o How helpful was SPURL in accomplishing the task of defining fragments?
Not Useful DO Dl DZ D3 D4 DS DG Very Useful

o How helpful was FW in accomplishing the task of defining fragments?
Not Useful DO Dl DZ D3 D4 DS DG Very Useful

o How enjoyable was using SPURL for accomplishing this task?

- -
Not Enjoyable DO Dl DZ D3 D4 DS DG Very Enjoyable

o How enjoyable was using FW for accomplishing this task?

- -
Not Enjoyable DO Dl DZ D3 D4 DS D6 Very Enjoyable
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APPENDIX G

TASK 2 - FIRST SUBGROUP — PROCEDURE INSTRUCTIONS

Task 2 — First Subgroup

e You will be asked to find the matching fragments for the following sets of URLS:
o A set consisting of 6 of the stories you have bookmarked yourself

o A set consisting of 6 stories bookmarked by others

e You will have the following open:
o An IE session for your Task List
o An IE session for SPURL
o A test tool (FW) session
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First Set

e Please repeat the following procedure for the first 3 URLSs of the first set
o starttiming @
o use SPURL to find the fragment
= bring up SPURL in the first tab
= paste the URL in the SPURL “Search” box and submit search
= can you see the fragment and the matching number?
= jdentify the fragment
o use SPURL to find the matching fragment
= bring up SPURL in the second tab
= use information from first fragment to search for the matching fragment
= identify the matching fragment
o endtiming &
e Please answer the following questions:
o Using SPURL, how easy was it to find the fragments you had previously defined?

Very Difficult DO Dl DZ D3 D4 DS D6 Very Easy

o How effective was SPURL in accomplishing the task of retrieving the fragments?

Not Useful DO Dl DZ D3 D4 DS DG Very Useful
o How enjoyable was using SPURL for accomplishing this task?

- -
Not Enjoyable DO Dl DZ D3 D4 DS D6 Very Enjoyable
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e Please repeat the following procedure for the remaining 3 URLSs of the first set
o starttiming @
o use FW to find the fragment
= g0 to the “Browse” tab
= paste the URL in the “Search by URI’ box and submit search
= can you see the fragment and the matching number?
= identify the fragment and matching fragment
o endtiming ®
e Please answer the following questions:
o Using FW, how easy was it to find the fragments you had previously defined?

Very Difficult DO Dl DZ D3 D4 DS DG Very Easy

o How effective was FW in accomplishing the task of retrieving the fragments?

Not Useful DO Dl DZ DS D4 DS DG Very Useful
o How enjoyable was using FW for accomplishing this task?

- -
Not Enjoyable DO Dl DZ D3 D4 DS DG Very Enjoyable

o How useful is it to you to be able to see two related fragments side by side?

Not Useful DO Dl DZ D3 D4 DS DG Very Useful
o How useful is it to you to have the ability to navigate from one fragment to the

other?

Not Useful DO Dl DZ D3 D4 DS D6 Very Useful

323



Second Set

e Please repeat the following procedure for the first 3 URLSs of the second set
o starttiming @
o use SPURL to find the fragment
= bring up SPURL in the first tab
= paste the URL in the SPURL “Search” box and submit search
= can you see the fragment and the matching number?
= jdentify the fragment
o use SPURL to find the matching fragment
= bring up SPURL in the second tab
= use information from first fragment to search for the matching fragment
= identify the matching fragment
o endtiming &
e Please answer the following questions:

= Using SPURL, how easy was it to find the fragments others had defined?
Very Difficult DO Dl DZ D3 D4 DS D6 Very Easy

= How effective was SPURL in accomplishing the task of retrieving the
fragments?

Not Useful DO Dl DZ DS D4 DS DG Very Useful
= How enjoyable was using SPURL for accomplishing this task?

- -
Not Enjoyable DO Dl DZ DS D4 DS DG Very Enjoyable
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e Please repeat the following procedure for the remaining 3 URLS of the second set

o starttiming @

o use FW to find the fragment

go to the “Browse” tab
paste the URL in the “Search by URI’ box and submit search
can you see the fragment and the matching number?

identify the fragment and matching fragment

o endtiming ®

e Please answer the following questions:

(@]

Using FW, how easy was it to find the fragments others had defined?

Very Difficult DO Dl DZ D3 D4 DS DG Very Easy

How effective was FW in accomplishing the task of retrieving the fragments?

How enjoyable was using FW for accomplishing this task?

Not Useful DO Dl DZ D3 D4 DS DG Very Useful

- -
Not Enjoyable DO Dl DZ D3 D4 DS DG Very Enjoyable

How useful is it to you to be able to see two related fragments side by side?

Not Useful DO Dl DZ D3 D4 DS DG Very Useful

How useful is it to you to have the ability to navigate from one fragment to the

other?

Not Useful DO Dl DZ D3 D4 DS D6 Very Useful
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Final Questions

e Please answer the final questions:
o FW provides the capability of having a unique identifier for each fragment for

direct reference. How useful is this to you?

Not Useful DO Dl DZ D3 D4 D5 DB Very Useful

o What did you like about SPURL?

o What did you dislike about SPURL?

o What did you like about FW?

o What did you dislike about FW?
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APPENDIX H

TASK 3 - PROCEDURE INSTRUCTIONS
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Fragment Association Study -Searching

e (o to http://fastudy.demetrios.info/FAStudySubmitQueries

e Log in with the username and password provided

e You will see a listing of fragments from news stories

Fragment Association Study - Submit Queries (Group C)

Logged in as: cat

Query used for this Fragment:

Fragment from Story #1

Russia announced this maonth that

construction would be delayed at least Submit
two months because Iran had failed to I—/
make monthly payments since January. It

said the delay could cause irreversible”

damage to the project.

Fragment from Story #2 Query used for this Fragment:

The decision by the United States to :

attend a conference in Baghdad with Iran

and Syria adds what many observers have

felt was a "missing link” in US policy in :
the region. The US Secretary of State lﬂ/
Condoleezza Rice said that as well as the

official level Baghdad meeting, foreign

ministers from the same countries would

also meet "as early as the first half of

April”. "

Query used for this Fragment:
Fragment from Story #3

Tony Blair's long-awaited announcement

on troop withdrawals from Irag may inject

a note of optimism into the biggest :
"legacy issue” hanging over his looming lﬂ/
retirement. But, even as it was being

welcomed by many, there were claims it

was either too little too late or,

alternatively, too much too soon.

Query used for this Fragment:

Fragment from Story #4
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http://fastudy.demetrios.info/FAStudySubmitQueries

e (o to http://fastudy.demetrios.info/FAStudySearch

e Log in with the same username and password

Using the information in the fragment, devise a search query which successfully retrieves
a story containing the entire fragment

e Please make sure to specify the number of the fragment for which you are searching in
the search interface.

Logged in as: cat

russia construction iran "monthly payments”

Searching for Fragment # 1 v

Frev Page “ | 2 3 4 5 ] 7 8 q Mext Page

N Logged in as: cat

\ Query used for this Fragment:

Fragment from Story #1

Russia announced this month that

construction would be delayed at least Submit
twao months because Iran had failed to
make manthly payments since January. It

said the delay could cause "irreversible”

damage to the project,

Fragment from Story #2 Query used for this Fragment:

The decision by the United States to
attend a conference in Baghdad with Iran
and Syria adds what many observers have

falt weac a "miccinn link" in T2 Aalicwe ik
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http://fastudy.demetrios.info/FAStudySearch

e Please note that the same news story may be retrieved from several news sites. Some sites
may have variants of the story. All you need to do is to ensure that the fragment is
contained in one of the retrieved stories exactly as quoted in the Query Submission page.
In this example, we found an exact match:

Fragment from Story #1

Russia announced this month that
construction would be delayed at least
two months because Iran had failed to
make monthly payments since January. It
said the delay could cause "irreversible”
damage to the project.

Nuclear plant travails strengthen Iran’s resolve
Trouble with international partners used to justify domestic efforts

AP Associsted Press

Updated: 10:04 p.ra. ET March 17, 2007

+« Iran’s perilous
path in pictures
& click-through
history of moderr
Iran and its love-
hate relationship
with the United
States

BUSHEHR, Iran - For Iranians across the
political spectrum, delays in construction of the
country’s first nuclear reactor have
strengthened their resolve to master their own
nuclear technology and resist U.N. effarts to
stop therm.

The reactor, already eight years behind
schedule, is snagged on what Iran calls a
politically motivated business dispute with

+Iran's nuclear
network
An interactive lool

longtime ally Russia.

h at Iran’s nuclear
ussia announced this month that constructio facilities
would be delayed at least two months be:ause

Iran had failed to make monthly payments since

Jdanuary. It said the delay could cause

Virreversible” damage to the project.
« Unseen Iran

e Once you have successfully found a story you can copy the successful query string, paste
it in the appropriate box in the Query Submission page
(http://fastudy.demetrios.info/FAStudySubmitQueries) and submit it.
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Logged in as: cat

Query used for this Fragment:
Fragment from Story #1

russisa construction

. ] iran "monthly payments™
Russia announced this month that |
construction would be delayed at least m
two months hecause lran-aad failed to _

make monthly payments since January. It
said the delay could cause "irreversible”
darnage to the project.

Fragment from Story #2

Query used for this Fragment:
The decision by the United States to

attend a conference in Baghdad with Iran
and Syria adds what many observers have
felt was a "missing link" in US palicy in

Submit

You will be prompted. If you are sure that this is the query you would like to submit you
can press “OK”

Windows Inte ket Explorer, §|

\:{".} Are you sure this is the correck Query For this Fragment?

[ 04 l [ Cancel

e Once you submitted your query, the display will change specifying that the query has
been submitted
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Fragment from Story #1

Russia announced this month that
construction would be delayed at least
two manths because Iran had failed to
make monthly payments since January. It
said the delay could cause "irreversible”
damage to the project.

Query used for this Fragment:

Fragment from Story #2

The decision by the United States to
attend a conference in Baghdad with lran
and Syria adds what many observers have
felt was a "missing link" in LS policy in
the region. The US Secretary of State

Mandnlearra Rira caid that as well az the

Query used for this Fragment:
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e The following are techniques useful for searching:

Symbol Function Example
+ Finds pages that contain ALL the terms | cat +in +the hat
preceded by the + symbol, and allows
inclusion of terms that are usually ignored
" Finds the exact words as quoted "cirque du soleil"
O Finds or excludes pages that contain a group of | (mobile device) OR (wireless
words device)
(mobile device)
NOT (wireless device)
AND Finds pages that contain ALL the terms or | dog AND cat
phrases
NOT Excludes pages that contain a term or phrase (mobile device) NOT
(wireless device)
OR Finds pages that contain either term or phrase | (mobile device) OR (wireless
device)
Notes

Stop words, as well as all punctuation marks (except for the symbols noted above), are ignored unless
surrounded by quotation marks or preceded by the + symbol.

Only the first 10 terms are used in obtaining search results.

Search words for basic searches aren't case-sensitive.

You don't have to type the word AND between your search words. By default, all searches are AND

searches.

You can type up to 150 characters in the search box, including spaces.
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Since the searches performed through this interface are recorded in
support of this specific study, please use this search interface only for
searches related to this study.
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