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Abstract

The work described in this thesis investigates the application of entedwtsgnent management
techniques to better support document discovery and reuse across a learning organisation. It examines
the nature of documents and organisations, and the roles that documentation plays within modern
enterprises. The thesis recognises the increasing need to reuse documents at a number of levels of
abstraction, so leveraging an enterprises valuable document resources. Enabled by Internet
developments and document mark-up languages, particularly the extensible mark-up language (XML)
and its associated standards, this thesis describes the development of idemagethed to the design

and initial implementation of the Model-driven Reuse Architecture (MRA).

The concepts underlying the design of the MRA have developed from an initial feasibility study
undertaken with the United Kingdom Ministry of Defence (MoD) to provide management techniques
for military support documentation. A range of current approaches to document management and
enterprise-wide information management have added to the initis¢ rgpproach identified by the

MoD. A document-model based approach to document management permits access to and reuse of
document fragments for new purposes. An extensible mechanism permits the inclusion of other

document approaches to facilitate document discovery, potentially letadiagse.

This thesis describes the approach taken in designing a new document architecture that provides a
work-focussed approach to document management, encouraging social collaboration rather than
automation, and supporting a range of users within the same environment. This thesis presents the
overall Model-driven Reuse Architecture and a preliminary implementation that has been developed to
support the specific needs of teaching and learning in higher education. The resulting web-based
implementation, MRA-HE, is evaluated in terms of how it performsnaga set of realistic scenarios

within the domain of higher education. Upon evaluating the MRA-HE implementation, the final
chapters of this thesis generalise some of the MRA approaches to the diverse demands of other types of
organisation.
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1 Introduction

1.1 Context and Motivation

Documents and their management have been central to the developrnemanf history for hundreds of
years. In one of its more general senses, a document is anything seraimgpassentation of a person
thinking by means of symbolic marfksThe thinking that is conveyed through a document, if accepted by
the reader, becomes part of the reademderstanding. In this way the abstract use of symbols arranged on
a communicative medium, whether painted onto cave walls, hand-written on papedepracessed on-
screen, conveys a fact, event or belief from the author to the reader. If the reader bianshffiief in the
communicated meaning, that meaning can serve to develop more sub$taligfal and understandings.

The Latin origin ofdocument(docere: to teach) confirms the use of documents as aids to develop ideas

and convey information for elaboration and reuse.

In all sectors of society documents play a number of complex roles, such as alidefarmational,
communicative, contextual and argumentative. These roles are more fully expandegter é¢h The
management of documents within an organisation is increasingly criticad sustenance and growth,
particularly for organisations engaged in the Knowledge Economy [Demaresi®@}s the need for
managing and re-using documents is of increasing importance to organisations. The falwamgls can
be identified:

* Increased variation of products/services In competitive product and service sectors there is
an ever-increasing demand for more customisable products and continual imprts/eme
across product ranges. Most products, except for the most innovative, are variations on
existing products - design is inherently iterativBroduct or service designs use parts of
existing products or services; it stands to reason that reuse of the associated doamigntati

not only viable, but also desirable.

« Distributed working Corporations are becoming increasingly complex and geographically
separated. With regard to documents, this creates two demands: (i) appropriate meant
of existing documentation, and (ii) awareness of the increased amounts of documentation

required for effective distributed working. A virtual enterprise (VE - D@P@&rovides further

Y Wordnet 1.6 - http://www.cogsci.princeton.edu/~wn/ (Last verified 8trcMa000)
Z Learning by Design Concept Index, Georgia Tech - http://www.@chadu/edutech/LBD/iterative-
process.html (Last verified 8th March 2000)



dimension to this problem due to its largely independent busiertities, each with its own

business processes and culture.

The cost and limitations of paper Traditionally paper documents have served to keep
people informed across an organisation. According to Lexmark, paperfapstgarticular
business can amount to between 6% and 15% of a corap@atgl expenditure; 98% of
business information is held on paper; each paper document within an atigenis
photocopied 19 times on average [Richardson96]. Where an organisation is geographically
distributed the costs of printing and distribution are exacerbatggerRlocuments have two
associated problems: the cost of production and distribution, and the problem of currency -
how best can an organisation keep a group of people up-to-date with thentatesation?

The static nature of paper documents often hinders access to the masanecsrost useful
information. Electronic document management is changing this situation, but brings its own

problems such as version and access control.

Changes in working patterns Modern organisations face constant change at all levels of the
enterprise - local and enterprise-wide change to increase productivity, amgrieetevide
change to respond to new customer demands and new governmental legislation. Ityis clearl
desirable to be able to adapt information systems to reflect changes withirgamésation.
Furthermore, frequent personnel changes call for mechanisms to retain H#msatigis
intellectual capital within the organisation [Branting96]. There exists a camglationship
between an organisation as a whole and its members, which is discussed further in2chapter
Much of the knowledge that people have is said to be tacit: not elplietognised or
codified. It is a challenging task to make explicit the tacit knowledgepeople have about
their role and responsibility within an organisation. Smaller organisationsegually
concerned with transforming tacit knowledge into explicit knowledge to protect thexaselv
from dependency on specific personnel. As the implicit becomes explicit documentation

results, increasing demand on document management techniques.

Long-term storage Many products have long lifecycles (e.g. aircraft and defence
equipment). In the UK the Ministry of Defence aims to support the documentatiefevice
equipment with long product lifecycles (see chapter 3). Brooks deschibewed within the
telecommunications industry to maintain product documentation over long lifscycle
typically 20 years [Brooks94]. When a product-support document is printed on paper its life
span is potentially much longer than an equivalent electronic versicio dseersistence and
immutability. Two significant problems exist with electronic documentation: the method by
which the document is digitally encoded (the encoding model) and the method by which that



digital representation is stored (the storage model). Thesesisme different to those of

conventional paper documents

Increased desire to manage knowledge within the enterpris€Complex organisations are
composed of many diverse, interdependent work groups, all of which have unique decision
domains [Schwartz98]. The development of digital information networks is enabling the
integration of work across and between these diverse groups. A learning organisation is
characterised as a decentralised organisation able to continually capstreracticeand
disseminate that practice across company boundaries. Closely associated with this is the

Organisational Memory Problem which can be described as:

"Information pertinent to the task at hand has passed through the organization. Was
this information captured? If so, how can it be efficiently retrieved and brought to

bear on the present task?" (cited in [Schwartz98])

There is a focus not only on collecting facts but retainingléssons learnédvithin and
between these facts. Organisation memories are motivated by the desesectov@iand share

the knowledge and experiences that reside in an organisation [Sumner98]. An organisational
memory is defined as an explicit, disembodied, persistent representation of knowlddge a

information in an organisation [vanHeijst96].

It is worth noting that the demands described above apply to documents and nuitgestrinformation

alike. Although the power-to-cost ratio of computing hardware hdspied by a factor of a million in the

past 30 years, the cost of organising the information within thosensystas increased [Goranson92].

There is an evident need to improve the management of digital information of all typesvedowe

according to the Gilbane Report on Open Information and Document Systems (ciR=inhajrdt94]) at

least 80% of corporate electronic information is in the form of documents, as opjosé&dictured

database records. This statistic highlights the need to focus at least asomtish management of

documents as on the management of more structured information aitleinterprise.

The demands on document management can be met by:

technological advancesn computer hardware, software and modelling languages
the development of user communitieghat utilise those technological advances to their
advantage.



The technological opportunities are similar to those that have made possible the creatieteanid nse

of the World Wide Web and corporate intranets. New technologies such as Mltle potential to raise

the value of transmitted information by retaining a semantic arthim content currently conveyed through
HTML. The development of user communities is a more subtle but saémite advance in recent years,
underpinned by international data standards and globalisation efforts. The result is a useful teme@n bet
localisation and globalisation that maintains an organisatioatward-looking nature while striving to
support current work practices. Although the development of the World Wide Web magdread as
being driven by technology, the original WWW proposal was intended to promote interaction among

researchers at CERN [Bass98] - the user community developed aroundithisgetechnologies.

Organisation
X

makes use of L

Document Store

supports i Product

\
AN

Figure 1-1 The Role of Documents in Supporting the Product Lifecycle

Figure 1-1 considers an organisation that makes use of documents to support a praagictthlifecycle,
illustrating the range of research and commercial communities that address partaiof the overall
document management problem. Téhecument managementcommunity is concerned with reducing
paper and performing storage and retrieval on electronic documents more efficidrglhypertext
community is concerned with the way in which electronic documents refer to each ity documents

group to form collections and how multimedia is able to extend more traditional document types.



Groupware communities are concerned with distributing electronic documentatithre right place at the

right time, andcollaboration servicessupport shared working on those documents. TAeS and ILS
communities (discussed in chapter 3) consider the ways in which documentatiparsihe lifecycle of

the product or service that the organisation exists to profAdeson-centred approachesupport the

people within the organisations; developed systems support the individual and assist in collaboration
between two or more users of the systhbhadel-driven approachesemphasise the changing nature of the
organisation and the work that it performs; they provide an architecttinegnwihich the models change

according to changes in the real world.

Each of the above approaches have developed independently in tharktenatre recently projects such
as MEMOIR [Pikrakis97] have combined two or more of the approaches to createsophisticated
systems. What is lacking, however, is an overall framework into which #pgseaches can be placed and
used together. Furthermore, it seems that the furore over document managesmiedtrhany to neglect
one valuable potential benefit from effective document management - dotueuse. This thesis

addresses these issues.

1.1.1 Integrated Logistics Support

One attempt to satisfy the demands outlined in the previous section is the Integrated Logpgias S
(ILS) program. In the late 1970s the American Department of Defence (DoD) realisetietfaist of
support of its defence equipment was often greater than the original cost of procurem@&uDT$et out

to optimise life cycle costs (LCC) across its range of defence products rather thamtcaecon
minimising procurement costs as it traditionally had done. What tegswbas the ILS management
approach which used international standards available at that time &nieglits principles. One part of

ILS describes the recommended management method for technical documentationtevsttpport the
defence equipment through its life cycle. This thesis concentrates only on the document mathageme

aspects of through-life support.

ILS aims to satisfy four of the six demands described in the previous section - increaatidnvafi
products/services, distributed working, the cost and limitations of paper and long-terme stbhag
principle of ILS document management is the division of large document volatoesmialler document
modules (or data modules), and the subsequent unique classification of each data module. Defence products
are decomposed into their constituent parts and each part is given a unigue code. Every data module is
classified according to which piece of equipment is describes and what operatihat equipment it
describes. A set of data modules, individually stored, is retrieved according to some need and built into a
publication for some purpose. One of the primary aims of ILS is to assist the reuse of singtedidts

across a range of publications; storing a piece of information once and using it often.



Despite a lack of initial success from the DoD, ILS principles were mandated by thditiétry of
Defence (MoD) in 1996. The MoD approach is encapsulated in DEF STAN 00-60 (DS006099MoD
Following a successful implementation of the documentation recommendations within DS0060, described
in chapter 3, trials are currently underway with the UK military armed fordeste are many strengths to

the recommendations within DS0060 and a number of these recommendations form the hhsis for

research reporting in this thesis.

It is important to note the nature of the organisation within which DS0060 was created. The defence
industry is a highly structured product-based enterprise. The MoD procures and maintains loe-volum
specialist equipment with high variation across its range. It is of utmost importano€dhatation is fully
audited, tracked and secure. Though powerful within the defence domain, ILS techniques are not well
suited to managing the documents within lesser-structured estegnvironments. The main weakness in
applying ILS to general-purpose document management is the strict cltssifirequired for each data
module. A data module is often as small as a single paragraph of text; its subsequent ttashifiso be
undertaken by a domain expert and each classification is inherently subjective. Moreover the reuse
expectations from DS0060 have not yet been realised, and it is doubtful whether onamgrcial
organisations would adopt the approach, except for those that manufacture similarly complex{uggh-

low-volume products.

1.1.2 Enterprise-Wide Document Management

The commercial success of current enterprise-wide document management systems igeirtdiche
pressing need for document management within large enterprises. In order to rectivedyf share
documents, individual departments introduced local area networks (LANs) in the1980s, allowing users to
share a common file space. Groupware products such as Lotus Notes haveefhditita flow of
information more effectively around the larger enterprise, but thne &@rthe information is more database-

like than document-like. More recent document management products such as Excalibur and Autonomy
have started to target lesser-structured documents, providamghsacross entire heterogeneous enterprise
document spaces. Although semantically powerful, such information retrieval systems neglect the

significance of the document to the organisation, knowing little about the docsimeasion for existence.

An effective enterprise-wide document management solution must consider l@emuam different
approaches that can be used together to satisfy the demands identified earlier in tais Thege such
approaches are workflow and collaboration ventures, the increased use of hypeiterark-up languages,

and the application of web technologies to the document management problem.



Workflow and Collaboration

Many information systems concentrate on the informational aspects of tkeemdironment into which
they are used. Much of the document management literature is concerned with the whichithe
informational content of documents can be captured and manipulatedh Wighvorkplace many of these
systems implicitly support workers in their operational and decision-making roles. Gangugported
Co-operative Work (CSCW) approaches make explicit the role that informatitemsysccomplish for
their users. [Swaby98] recognises three general motivating requirethantee CSCW discipline seeks to
address:

e Articulating co-operative work Co-ordinating people and resources in contributing towards

the performance of a common task

« Sharing an information space Ensuring that group members can share data, information,

concepts and heuristics in a structured way

* Adapting technology to the organisation Creating an organisational context within which
group activities may be situated, and enabling appropriate interactions within thig.setti

This thesis does not replicate the review of CSCW that can be found in [Swaty©8hes acknowledge

and support the need for a workflow approach to information systems. Workflow products such as Lotus
Notes assist the flow of information around a distributed organisation by holding a model of the working
processes of the end-users.

The term'collaborationtraditionally suggests a level of co-operative work on a common goal. Within the
context of this thesis the common goal is the construction and maintenance of a collectionnoérdo
resources that satisfies a set of organisational goals. Tools that support collaboratitto falbibroad

categories:

e Tools toclose known distancebetween distributed workers to enable joint work focussed on

a common purpose.

* Tools that assist theecognition of groups of peoplewho may not otherwise know of each
others existence, in the hope that collaboration between these people will result in increased
productivity or effectiveness.

Both types of collaboration tools are enabled by network-centric comphbtihg@xtend beyond simple
distributed access to resources. Traditionally IT has been applied to support individual amiito-



ordination has been external to the IT used. [Greenwood95]. The first clasdspthose that close known
distances between workers, is exemplified by shared workspaces and conferencing. 9sterkey
requirement for such collaboration is the guaranteed integrity of a sharedceestwall times. Products
such as Lotus Notes have provided such mechanisms for some yearsg prapnietary format and within
a restricted network. WebDAV [Whitehead98] is a current development that extend8/ YW to provide
a standard infrastructure for asynchronous collaborative authoring acrdssetimet.

The second category of collaborative tools emphasises the identification of potential callabbyat
providing mechanisms to identify people with whom collaboration may be advantageousVirfliaé
Science Park and the MEMOIR system (University of Southampton) provide explicit stgotbeir users

in discovering other users with identifiable skills or interests. The identification of kuitatbaborative
partners is a separate enabling process to working collaboratively, whicfoliow. This thesis describes

an architecture that assists with both the second domain, supporting the identificati@varit resources

and their owners, and the first domain, providing support tools for subsequent document reuse or co-

authorship.

Hypertext and Mark-up Languages

The field of hypertext has existed since 1945 when Vannevar Bush created a madhassdbated

(linked) two documents, similar to the way that the mind operates by assocBiisp]. As a working
definition, a hypertext is a set of nodes of information with machine-supported typedbditvksen these

nodes and a common user interface [Cunningham93]. Hypertext expresses the relationships between
documents. The first electronic hypertext prototype, NLS/Augment, was demedsimat968. Many of

the fundamental principles characterised by tsdaypermedia systems were already present in the initial
prototype. The creator, Doug Engelbert, even then saw the potential for computer-sugpwsttohe

collective 1Q of communities or the collective intelligence of organisatiBaagubramanian94].

The World Wide Web has popularised the notion of hypertext, with its ability to jump fromaohefa
document to another part of another document or to another part of the same documeagnithe c
overhead of following a link is less than that of performing a search across a do@paeetto find
suitable resources. [Golovchinsky97] suggests that link-drig@earies are more effective than user-
specified queries in retrieving relevant information. The mechanic pértigking is powerful but the
quality of the link is dependent on the person who created the link. There are additairiaimgr with
hyperlinking, discussed in chapter 2, but the notion of hypertext is of pogantial benefit if used
appropriately.

In 1969 IBM developed the Generalised Mark-up Language (GML), intended feooutket to separate
form from content in displaying documents [Berghel99]. In 1986 the Star@argtralised Mark-up



Language (SGML) became an international (ISO) standard for document mak+ing the development
of commercial word processing machines, however, designers concentradesiedoping machines that
worked within the limits of the hardware available at the time. The codditatf the prepared document

was incidental, controlled more by the amount of storage available than the afidhiéycoded file.

The past two decades have seen a rapid growth within the word pngoessket; increasing functionality
and improved user interfaces. Conventional word processors, however, usetargfinary compressed
file formats that only particular versions of a particular word processourdarstand. To overcome the
problem of translation between word processing packages software filters havedéesinped.
Unfortunately these software filters often lose some of the descriptive power ofgimalodocument file.
The prevalence of file formats and filters is an obstacle to groups that may want tadsbaneents

electronically but are hindered from doing so by incompatibility problems.

The current popularity and simplicity of the HyperText Mark-up Language (HTML) has intrddbee
general public to some of the concepts behind more powerful mark-up langulages<t€nsible Mark-up
Language (XML), a simplification of SGML, is a platform-independent dosiralependent method for
marking up documents. Its aim is the same as for GML in the 1960s: to separate document comtent fr
document form. This concept is more fully explored in chapter 5. It is worthgnthtat although mark-up
languages were first created to mark up document content, their use has diversigigresent simple data
models as well as document models. Chapter 2 explains how the distinctions between data agmtglocum
are not clear-cut; the remainder of this thesis shows how mark-up languages cath teenogek up both

documents and underlying data models.

Web Technologies

The first recognised network of computers, ARPANET, was formed in December 1969. It consisted of four
nodes and was intended to decentralise military information and control. More by accident than design, the
users of ARPANET began to use the network for more than the intended long-distance rogmputi
Researchers began to use ARPANET to collaborate on projects, to trade notes and to send messages of
more social nature. There was no dependence on the type of computer cgedett to ARPANET; the

only stipulation was the network protocol used to communicate. The ARPANET formed the beginnings of
the Internet as it is now: a diverse collection of computers ablerimcaicate with any other via common

protocols and a widespread communication network.

Client/server computing can be thought of@smputer-proce$so ‘computer-proceSgommunication in

which one process is the requestor and the other process services the request, usually acrods a netw
using a commonly agreed upon protocol [Schwartz95]. ARPANET was conceived from thetoutse
implement a client-server architecture, and the modern World Wide Web isdraieel same concept. The
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decentralisation of computing power and information enables the padysibfli cross-organisation
document management: local retentioriosined documents and global access to other documents within

the organisation.

Motivated by the need to provide access to information stored on a diverse range of server technologies,
network-centric computing has recently evolved, enabled by the client/sargbitecture and open
standards. Network-centric computing is a server-centric software architdesised on open Internet
standards and client independence. It provides central control ovexittatdistributed access to that data
via standards-based solutions. Network-centric computing extehd client/server architecture by

providing open networks and protocols across which servers can carry data to theirtdibinders.

The unprecedented success of the World Wide Web (WWW) has prompted companies to introduce web
technologies to their organisational infrastructure, terming the resulting netimbraeets The standard
network protocol and mark-up language of the WWW provide a lightweight solution to manyartion
distribution problems, with minimum disruption across the organisation. A standard browser client is the
sole requirement at the desktop, with the complexities beimggea centrally at the server. However, due

to the lack of semantic structure within the mark-up language currently oseskahe WWW (HTML),
intranets have tended towards Web-based Information Systems (WIS) rather thansagiDbaument
Management Systems. The selwveole has become to codify and disentangle information flowing between
the system and the user rather than add value. It is apparent that curreethetiogies can not fully

support enterprise-wide document management [Balasubramanian98].

Systems such as Excalibur, Autonomy and Lotus Notes are internet-enabled but not dnieznet-
[Bentley97]. It is evident that a convergence of document managementqieehirind WWW:-like
distribution would be advantageous in facilitating an enterprise-wide view of dotsime

1.1.3 Extended Enterprises and Virtual Communities

The broad geographical reach of the Internet has advanced understanding on how disparate groups of
various sizes may join to form communities and advance thought and knowledge within those
communities. Usenet news groups facilitate virtual forums based arpecdic subject areas, allowing
knowledge to flow between people who need never meet, and who need never be in direct synchronous
contact with each other. Such information forums have developed informalhteassts develop and
diminish, influenced by wider networks and a desire for many people to share informationvelup de

ideas. More recently, organisations have started to use the same network technologies to add structure
within and between their distributed divisions anieéndly’ customer bases.
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Two radically different approaches have developed in an attempt to controlrthiediegies used by
participating members, to facilitate accurate transmission of information acrossotralliy disparate
communities. The first is to develop a common terminology that epasses the larger shared domain: all
participants in this larger domain agree to use the new terminology, which may difiicaigly from all
local terminologies. The second approach is to allow all participating groups to use théarmviology
internally, but to provide mappings at organisational boundaries to allow transmission miitiéor across
those boundaries. This thesis argues that the second of these is more valid. [Sumner88 thajge
supporting communities to evolve their own vocabularies and to elaborate theratoashared domain
model is a critical step towards creating a common perspective. Over time, as ctesnemgage in
negotiation and reflection about how to do their job better, their vocabularies and domain models become
more elaborate and formal. This highlights the evolutionary nature ofntieeactions between user
communities. The challenge is not representing the overall user domain, but permittingotiietioa and
enrichment of the models over time. Organisational learning focuses on codifying and tssons

learned ‘tacit knowledgé- [vanHeijst96]) within the organisation.

1.2 Research Problems

The specific problems addressed in this research first arose througheat pvih the MoD who
identified a need to store documentation pertinent to lifecycle support foncgefequipment.
Integrated Logistics Support (ILS) principles (section 1.1.1) support defengement through the
initial phases of its design, in the hope to reduce lifecycle costs. DEF STAN 00-60 (D&0&6e} of
recommendations that implements a solution to the ILS requirements. €h8dns and some ideas
from DS0060 are sound, and have been proven in the short term by some successful implementations.
However, these implementations have highlighted two weaknesses to the DS0060eaedatiuns.
First, DS0060 does not provide direct support for product or process change witbigahesation.
Change is currently managed externally to the DS0060 architecture anddniaopte architecture as
required. Further, the aim of reusing document parts has not yet beendrealliseugh it is thought
that reuse will become more evident when the scope of implementatiadelmso In practice, the
DS0060 notion of reuse is restricted to reusing a particular data module in more than oraipuaplic

the literature highlights much richer possibilities for reuse.

This thesis proposes a new document architecture - the Model-drdeese Rrchitecture - that extends

the ideas in DS0060 to manage change and support reuse within an organisation. Two domains are
addressed: (i) MoD support for the product lifecycle and (ii) computer-supported learnihg at
University of Leeds. The University is a large enterprise with a needtter lmeanage its intellectual
resources. Currently course material management within the University of leadsns at the
discretion of the individual schools that deliver taught courses. One of the demands descrired earli

this chapter is of particular relevance within the University, namely the increasiiaioma of
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products/services. [Lincoln97] and [Zarhan94] describe the increasing neadr®rdaptable courses

that better suit the learning requirements of students. This requirement suggests the egissim@f

materials to suit different purposes across the teaching domain. For sucmasséithe user inevitably

requires access to a broad range of resources and a range of discovery mechanisms to support the reuse
process. There is further perceived value in discovering not only documents but also thes, owne
enabling collaboration between two users with similar interests gettese. The Virtual Science Park
provides such mechanisms for structured expertise; this thesis applies thedsasdoi lesser-

structured document resources.
The context for the research in the document management domain fatiwinareas:

« finding potential collaborators through the documents associated with a particular person

e reusing existing resourceso satisfy new and emerging demands

Both problems require solutions that are able to adapt to the conthrarsge within the organisations they

service.

1.2.1 Overview of the Model-driven Reuse Architecture

The Model-driven Reuse Architecture (MRA) provides a range of document nmaeagsupport for
structured documentshat serve a valued purpose within an organisation. It supports localised groups of
users and their work purposes while providing cross-enterprise dmtumanagement where required. It
further supports change within the enterprise, driving functionality from a set of mangublakiness

models. The impact of such an architecture is measured in terms of its ahititgrtave the management

of an enterprise document resources and its subsequent facilitation of resource re-use. Whereas DS0060
provides support for product and process, this research generalises the recativmgal further facilitate

links between documents and the organisation within whichateeysed. The overall architecture provides

an extensible model, enabling incorporation of current document management aneiXaypehnniques. Its

focus is on supporting the reuse and repurposing of document resources across organisations within the

context of a model-driven architecture. Success of the MRA is measured in terms of

« the architecturs ability to better manage an enterprise’s document resourcesinking
resources to the changing business models

« the architecture ability tofacilitate the discovery and reuseof document parts for a new

purpose.

% This thesis argues in section 2.2.2 that all documents contaitriasimstructure. To emphasise this
structure the MRA is said to supptstructured documerits those documents that have a discernible

structure at any level of granularity.
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1.2.2 Research Objectives

To study model-based architectural approaches to document management
2. To propose and analyse a new model-based architecture for enterprise document
management that supports document reuse through
» document discovery using a number of approaches
* mechanisms to promote the reuse of documents at a number of levels

3. To build and evaluate an experimental version of the architecture

1.2.3 Contribution

This thesis describes the development of ideas founded in the UK Ministry of Defe&teSTAN 00-60
(DS0060) document architecture. Its contribution begins with the first te¢hpmmaf of concept of the
theoretical and unproven DS0060 proposals. Using DS0060 as a base platform this thesis investigates
current requirements from document management, placing emphasis on the needet@mahdbrther
understand document reuse within ever-changing learning organisations. The thesis prepisgigmhof

a novel document architecture that synthesises current document managemerespeanti introduces
methods for supporting much-needed document reuse at three levelgadtadst

1.3 Thesis Structure

The thesis is organised into the following chapters:

* Chapter 2 introduces the concepts of documents, the organisatiorsethieyand the varied
ways in which they are managed by existing document management solutions and projects.

e Chapter 3 describes the DEF STAN 00-60 document architecture created by Mimistry
of Defence to manage support documentation for their military products. It outlines the
architecture itself, a feasibility study undertaken with the LSC Group (UK) and a nafbe
ways in which such an architecture may be extended to support other domains.

e Chapter 4 presents the design of the Model-driven Reuse Architecture (MRA) w a ne
document architecture based on DEF STAN 00-60 and extended to support document

discovery mechanisms, hypertext and document reuse.

¢ Chapter 5 presents an implementation of the architecture defined in chapterird théth
domain of supporting learning in higher education.

e Chapter 6 presents an evaluation of the MRA-HE implementation in terms of itménifibf
scenario critical success factors, utility and usability.
e Chapter 7 reviews the work in this thesis and concludes with ways in which the MRA could

be extended with future work.
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2 Related Work

Chapter 1 identified an increasing need for organisations to more effectivel\genand reuse their
document resources across the enterprise. The purpose of this chaptaoisde an overview of the role

of documents within communities and in particular organisations. It describes a mufrm@gss in which
documents are managed and valued, and a number of techniques and products that contribute towards an

effective document management architecture.

2.1 Documents and Learning Organisations

Whether in digital or hard copy form, documents are more complex than datdsrécboth their form and
purpose. They are, according to Xerdhke vehicles within which information is created, structured,
communicated and preservedTraditionally organisations have viewed documentation as aitewst
necessary for successful internal operation and customer information. With inghgasbmpetitive
markets, however, information is becoming viewed as an enterpridgeasss than a cost item [DOD96].
Documents have been identified as a central mechanism for managing, communicating andngpntracti
across an organisation [Amor97], and the quality of that documentation has be&emditierentiating
factor in the overall success of a number of commercial products [Brooks94]. Accordingly, the
management of such documentation has been raised in importance within a great ofudierse

organisations.

The physical embodiment of a document, whether on-screen or hard copy, provideslli¢lantass its
meaning is understood. The meaning extracted from a physical docuroéfittle value unless there is a
context within which to place it. In order to add value a document mifgte requirement or purpose
within the organisation in which that document is located. As Mark gtates in his microtheory of
resources [Fox92], being a resource is not an innate property of an object, but is ty phapés derived
from the role an entity plays with respect to an activity. In short, deatsnsupport roles. When
considering the qualities of effective document management, [Davies98b] argiiesnthwvliedge is
information transformed into a capability for effective actidie value of documentation is only realised

when it delivers a meaning that in turn creates an action or effect.

Although documents are often written to support a current organisational need, documents nueailso c
information that is valuable in the long-term: the area of organisational Igageimotes a longer-term
value of documents within organisations. Organisational learning methods advatiagendodiment of

* The Document Cycle, Xerox - http://www.xerox-emea.com/aboutdoc/doccycle.htm (lritdv8th
March 2000)
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learning experiences from the people who have those experiences, foousgimg organisation as the
holder of such knowledge. Organisation memory is characterised as follows:

"Information pertinent to the task at hand has passed through the organization. Was this
information captured? If so, how can it be efficiently retrievedlanodight to bear on the
present task?"

[Schwartz98]

Organisational memory is developed through the process of organisational learning. Koul®poulos
definition of a document a®& collection of information, authored for the purpose of transferaing
preserving knowleddg¢Koulopoulos95] suggests that documents can clearly assist imgnakplicit the

implicit organisational memory.

In order to help construct and maintain an organisational memory it is clear that documentsesuistc
be classified in a way that will render them useful for current and future nedudlariés have for many
years provided a classification service to their users, creating schemes fgpesllaf documents and
books. The library community has considerable experience in organising collections okdtxusing a
coherent classification, and has much to offer to current document manageaidetngt Digital libraries
represent a convergence of computing and library services, focussing usetb&information technology
to support roles within the library. The focus of much digital libraries workdidside the scope of this
thesis, but David Levy provided a critique of ongoing work in digital librarie4985 [Levy95]. He
claimed that at the time digital libraries had a number of assumed chatasemdich he viewed as

mistaken:

« Digital library collections contaifixed permanent documents
« Digital libraries are based wholly afigital technologies

e Digital libraries are to based by individualsworking alone.

Levy claimed that the initial focus on fixed, permanent materials could be traeegrémccupation with
books as the central elements and the organising principle behind earligesibke further noted that
much of the work on digital libraries to that point assumed an iéeafizodel of use: the lone researcher
sitting at a workstation, browsing, scanning, searching, retrieving,ngadid writing. A point of criticism

in [Levy95] highlights a problem common across many fields of expettiaéof over-specialisation.

Notably, among librarians there is sometimes a tendency to focus leoticsl acquisition
and maintenance, and to lose sight of the library’s role in supporting the community’s
research.
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The UK Electronic Libraries Programme (eLib), described in [Rusbridge8@}esses Leig/concerns in a

number of ways:

e The Open Journal Project described in [Hitchcock98] focuses on the application of

hypermedia technologies to traditionally fixed permanent library resources.

e Current projects in hybrid libraries such as Malibu [Pinfield98] are investigatieg
integration of electronic resources with paper and other types of resouthestive services

provided by real libraries.

¢ The eLib programme now recognises that there is a marked division in digitaylactivities
between those centred on resources and those centred on organisasendtercontexts.

The library community is beginning to understand the social nature of the documents filasies, an
emphasis on the convergence of information and work, enabled by communications anétioform

technology:

'digital library proponents must consider the role of peopldf the digital library is to

be truly beneficial'. [Sloan98]

Central to using documents as components to an organisational misnaonawareness of a docunient
purpose. The successful use of document relies as much on interpretation of ¢n¢ asmn the content

itself: they are socio-technical artefacts [Levy99]. Within an organisdkie purpose of a document may

be understood because of the learned terminology and culture of that organisation. However, documents are
also used to communicate across organisations - Leigh Star calls dogimoentlary object§Brown96],

asserting a transmission across or between organisations.

The social nature of documents, discussed in [Brown96], alludes to the reason for some of the current

problems in document management.

Different social worlds can fight over the ‘right' interpretation of a document. For there
to be a 'right' way, there must be a standard and a judge external to all of the competing
community-based alternatives. But there is no external fulcrum to rhege social
worlds that is not itself merely the internal standard of another social world.
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The above quote highlights the differing interpretations that can occur overtrgng and purpose of a
document. Work on ontologies, discussed later in this thesis, and dictionaries of terms atteosgt tfoecl
gap of interpretation across an organisation. The Ministry of Defence circumveptsihem within their
DEF STAN 00-60 document management recommendations, described in cBaperenforcing a
standard interpretation over the document classification scheme. Whileiveffett managing the
information, this method is only suited to organisations which can enforce such a paatg®the whole
enterprise. In more commercial environments this may not be a viablmeoliternative systems attempt
to aid the communities they serve rather than define a fixed dictionaagstst in link creation and term
collection, but not to define the overall domain. Sumner argues thatngdmts themselves are able to assist

development of the relationships between communities to develop a shared understanding:

'a key role of documents is to support negotiation and interpoetats communities
struggle to reach an understanding representations should be regarded as starting

points for discussion about the way things ought to be' [Sumner98]

There is an increasing realisation that information, people and work elemestsbe synthesised to
produce more useful environments. There is an increasing need to integratenas#rsir working roles
within systems that have traditionally focussed solely on management of the atifernwithin an
enterprise. It is clear that information technology is able to assist in the realisation ahserwvironment.
Internet developments in particular provide methods of effectively distributingriation into a network-

centric heterogeneous computing environment.

2.2 The Nature of Documentation

It is essential from the outset to define what is meant in this thesis by th&eldéerment As with many
widely-used terms there is no axiomatic definition'@dcument but the research literature points to some
common themes. It also highlights that the current all-encompassing defnditi¢shocumenithave not
always been so open-ended. More traditional definitions begin and end with a dbesragraper artefact
furnishing information or evidentfLevy99]. While it is not constructive to debate the issue at length, a

brief look at the diverse attitudes to documents is useful.

The philosophical debate over the form and purpose of documents has been argued owsansany
spanning many technologies. In 1951 Suzanne Briet, a pioneering infarnsatemtist, argued that the
scope of'documentextended beyond text to any material form of evidence. While useful as a marker,
Briet's definition is a little too broad to be useful to this thesi®nversely, Sandy Ressler claims tta

® Briet went so far as to conclude that under certain circumstances everelapawsould be a document
[Levy99]
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entire concept of a document is becoming increasingly obs{fRessler95] as documents and databases
converge. Between these opposing views are some other important aadtrdifinitions.

2.2.1 Documents as Black Box Objects

A document can be described as a unitemforded information structured for human consumpfmted in
[Sprague95]). This definition implies a distinction between the storage métboarded informatiohand

the means by which content is understobdrfian consumptidn It constrains potential machine support

to little more than a transport mechanism for black box objects. Traditiilmatores and information
management systems such as Lotus Notes retain this notion of a document aslargamabject (BLOB):

a black box that is stored and retrieved according to some external classifi€atring the development

of distributed networks the computing industry placed importance upon assisting the user to create, store
and retrieve unitary documents, but provided no explicit support for understanding document conten
outside the host software application. Commercial sales of word gaysesver the past 28 years have
flourished, yet their predominant use to more efficiently prepare pageted documents merely
automates the typewriter and paper files of yesteryear. To regard documblaskasox objects is to rely
solely on the classification schemes and management methods that the user community has #pplied to
document space independently of the content of the stored documents.

The treatment of documents as black box objects does not scale wellgnterprise level. Not only are
document classifications subjective [Nurnberg97], driven by local comtectpractice, but increasing
amounts of documentation exacerbate the problems of using only explicitly applied classifications as a key
into a document store [Apte94]. A single document classification may only partly describe thseporp
role of a document [McCarty97] and a poorly applied classification may rendecument obsolete from

the outset.

2.2.2 The Composition of Documents

To regard documents as black-box objects is to ignore the original intention and purposting ¢the
document. To understand the relevance of documents to an organisation it is necessary to understand what a
document contains. A document is a snapshot of some set of information that can incorporate many
information types, exist in multiple places across a networkentpn other documents for information,

change on the fly, and have an intricate structure [Sprague95]. This definitidighig the compositional

nature of documents. It became apparent long before electronic document frepacds that a document
embodies a number of components. Heeman discusses two separate components: a dogttorerdrsdr
document content [Heeman92], highlighting a distinction between the physical contentcofh@edband

its logical structure. The document mark-up community has further separated docomemnt from its
presentation, creating three broad but separate layers: content, structure anthpioes(see figure 2-1).



The power of early printing presses lay in the separation of the printing plate frqorirttesl images that
were produced from it. This became a powerful idea: one plate could be ysedtoe a large number of
identical images. Movable type was a further innovation on this idea, making it possibleate

composite plates out of reusable component images. The content (type) was rdaodoga a structure
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Content Structure Presentation
content: the components (words, images etc) that make up a document
structure: the organisation and inter-relationship of the components

presentation: how a document looks and what processes are applied to it

Figure 2-1: The Compositional Nature of a Document

(page) and then presented on a suitable medium (paper). Modern mettilidsefaariance in all of the
three layers: customisation of the presentation, validatiedheo$tructure and reuse of the content. In more
recent times, mark-up languages have continued to develop the three Isaparation and, importantly,

increase awareness and acceptance of the distinctions between the layers.

The recognition of structure within documents is significant to the document \@atalsase discussion
[Ressler95]. Traditionally there has existed a distinction between wtedctatabase information and
information stored and manipulated within documents. Currently that distinction is less apparent: both
database data and documents store and convey information, and both have structwatraheay in

which one information type differs from another is in their semantic catsgdhe objects that are taken as
primitives and the logical relations between these objects. Conventidhalltype of information that

needs to be captured determines the choice of method and subsequent software support [Fillion95]. If both
traditional data and documents can be described in terms of content and structure there should be
distinction in the method of their treatment. Structured data and documents aentiiffdy in granularity,

not in their nature [Heeman92].
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Of further value is the separation of document presentation from the underlying contentuahdest
Document preparation tools such as Latex have existed for mang, ygarolding the separation of
document content from document presentation. However, the popularity of these ®bksehalimited,
superseded bwhat you see is what you §&VYSIWYG) document preparation tools such as Microsoft
Word and Lotus WordPerfect. Advocates of mark-up languages argue for the reinstatemeat of th

distinction between content and presentation to facilitate reuse of document ¢@atenond96].

Incidental to this work but a very active research area is that of multimedia doatioentSprague95]
alludes to the many information types that can be contained within a document withatitad|yec
discussing multimedia. This thesis regards the multimedia cooftélosicuments as secondary to the need to
manage documents more effectively, but supports the use of any type of media witbouraent

container.

2.2.3 The Document Space

The information conveyed in some documents is objective - tablastsfor statistics - but in many cases
information is conveyed indirectly through the use of natural language. The meaning of a document is
termed its semantic. To talk about document space is really to talk about two related spaces that may not
necessarily coincide ([Neves97] and [Esposito94]):

¢ A physical space- a collection of document nodes and relationships

¢ A semantic space the relationships among the information conveyed by documents

A data record contains the attributes of an entity such as an employee in a pesgstenel A document,
however, supplies information necessary to represent a concept or idegu&b] - a much more
complex role. A physical document space is created by the author of theetdcthe authé intention is

to convey a meaning or argument to the reader by means of that physical space. The spatanis the
meaning that the reader attributes to that physical space, which may or may niatecwiith the authds
intended meaning. The problem of effectively communicating semantic meaningtihaodocument is
immense because not all words correspond directly to concepts in the world. There are no general
relationships between the form of a document and the purpose intended by the document adthor. Kar
Branting states thagoals that documents are intended to achieve are seldom made 'd@phciting97].

In his paper he terms such godlkcutionary and attempts to attribute explicit rules to portions of
document text to enable their automatic reuse for other purposes. efowey documents that Branting

considers are very limited in their scope and structure.
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2.3 Enterprise Demands on Documentation

The previous two sections explained the nature and value of documents to the organisatieaes/¢he
This section reviews the call for improved organisation of enterprise documentation uibitjuitous
climate of change. [Fillion95] identifies three problems that an organisation has mhanaging its

resources across its boundaries. These are:

* The problem of semantic diversity Different parts of an enterprise use and target different
types of information. In order to manage resources across the organisationnfiiesation
types require integration in some way. To be clear on the connections between the information
types, the logical relations between semantic categories need to be preciselg define

understood.

e« The problem of representational diversity Which modelling languages or methods are

used for each part of the enterprise, and how may these be unified?

¢ The problem of contextual diversity What does a certain user group mean when they use
particular phrases? The worlds of differing users are often differing, Fendheaning of a
certain phrase is dependent on the semantic backdrop of that particular view.

Larger, more connected enterprises with local control

While an overall organisation may have the same end-goal in terms of its product 8gevice, the
internal structure of organisations is such that many goals are lotaglobal to the enterprise. There is a
tension therefore between the desire to retain an enterprise-wide view ofieltted knowledge and the
local needs of individual subdivisions of the whole. A networked environment supplies the physical

connectivity required but the localisation of goals has traditionally led to an interimadis&information.

The future will see a phenomenal growth in the use of IT to add®ssdination between groups
[Greenwood95]. Enterprise Integration (El) is concerned with the distribufi@orporate information
across these groups, but as a consequence of El efforts small innovative partners havesadete-
the effort required to integrate often exceeds the total effort required toatenoranson92]. Managers
are socialised people, high in relationships and low in structure igdsih98]. In the face of this is an
organisational structure that focuses on local autonomy and insularity. Netwerkftear very localised

[Multicosm98], and there is a requirement to enable sharing and collaleonatik.

Virtual enterprises with core competencies
There is much in the research literature about the potential for developfmértual enterprises (VES)
within information-focused and product-focused organisations. The defence industry recdbatses
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60-80% of the value of the entire system comes from contractors [Goranson92]. A VE is ae;dhdsiv
potentially continuously adapting business entity made up of diverse subentities. Wastegsisé
commonly refers to a single organisational structure and changing go@®9&) describes a virtual
enterprise as a specific business goal or objective, with potentially chasgingural aspects. The
successful attainment of the business goals of a virtual enterprise depetidsavailability to align the
business processes and practices. Presley describes a VE as a temporary alliaoogathatalmost no
employees or inventoried resources, with each member company providing itsoogcompetencies
[Presley96].

The challenges on document management within a virtual enterprise naiter ¢o those for large
distributed organisations, but more accentuated: documents are the central medbanisanaging,
communicating and contracting in a virtual enterprise. Amor considectistruction industry [Amor97],
which is made up of virtual companies formed for a short duration. Thef lifee product is longer than the
life of the VE so document management is of utmost importance. Individual competai@stheir own
working practices, so it is even more important to provide mechanismsfununicating across company

boundaries.

Variance in products and services

[Brooks94] recognises an increasing complexity and diversity of products withinléecertenunications
market noting thala company wishes to maximise reusability at minimum'’.cdéthin a less commercial
environment the Ministry of Defence recognises that many of its lounwlproducts are variations on a
common theme. Similarly within the domain of higher educatiorichvioffers a service rather than a
tangible product, there is a call to produce customised course materials on a per-studentrbasi84Za
All of these situations call for a high amount of variance that can only sensibly be prbyidddpting a

reuse policy over existing informational or intellectual resources.

Knowledge work

The research literature claims that knowledge workers are becoming increasinglpmoliamy see this
as a new phenomenon but for some time intellectual capital has beensedaga significant component
of the business domain. Bell suggested as early as 1974 that informatioraigahprinciplée of a post-
industrial society in which the majority of employment is foformation workersrather than those

engaged in manual tasks [Quintas97]. Even earlier:

'The intellectual and moral capital of Great Britain far exceedslal material capital,

not only in importance, but in productivenéss.  Senior 1836, cited in [Quintas97]

Knowledge management is a hard concept to define. The following are some of the contributiche from
research literature. [Quintas97] and [Broadbent3f]jgest that knowledge management might better be
seen as a component of all forms of human and organisational acttfitgr than a subject in its own right.
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Knowledge management is about enhancing the use of organisational knowledge through sound practices
of information management [Broadbent98ncompassing the abilities to develop new opportunities and to
meet both existing and emerging needs. A more direct encapsulation is suggeff@antas97]:
knowledge management groviding information to precisely the right place at precisely thet tigie.

This inherently implies reuse of current or historicalorgses for new purposes. [Broadbent98] suggests

that new knowledge always begins with the personal. [Davies98] describes knowledge aatimfiorm
transformed into a capability for effective action, placing people at the cdntine &nowledge domain.
[Demarest97] suggests that the truth-value of the information being managed is in¢méstability to
generate desirable commercial performance, stressing the social nature ofrc@hrknowledge.
Groupware products currently provide an infrastructure for colleagues who eaghalnotivated to work
co-operatively on a single business process. Knowledge management techniques should build on this by
facilitating co-operation among virtual communities whose members migletveatdiscover each otfeer
existence otherwise [Multicosm98].

Electronic document management systems play a central role in knowledge mariagdmaegoal of
electronic document management systems (EDMS) is to both enhance and pteseraki¢ of an
organisatiofs information resources [Reagan95]. Document management techniques should further support
knowledge management by including a person-aware element, facilitating innowétionand between
organisations. Current document management systems can be divided into two broad approaches,
minimally adapted from [Rezgui96]:

¢ Theintegrated document management approachwhere the aim of computer support is to
enable effective document retrieval using reference information suppliedhgitthiocument;

each document is a black box. This approach is widespread in current EDMS.

e Thedocument model-based approachwhere information within documents is retrieved by
query and relevant new documents are produced semi-automatically. Thissiaqress to

the content and structure of the document itself, and adaptation obtitant.

The following sections discuss the two approaches.

2.4 Integrated Document Management Approaches

Integrated document management approaches regard documents as binary latge(Bb{@Bs) with
associated attributes (meta-data). The simplest of such systems is the coaldiltiostore used by
Microsoft Windows and other general-purpose operating systems. Files are arrangegut éatieermined
structure and navigation to a particular document is possible by navigation of that learrstdidilere.

This is a well-recognised and widely used method. To further enhance suttresumany systems (e.g.
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Microsoft Windows, VSP resource rooms, the World Wide Web) provide the facility chattata-data

items to each file. For a typical document, meta-data items may include doditteeatithor, date created

and a list of keywords associated with that document. Such data aeasitted manually or automatically
extracted when the document is first entered into the file store. Meta-data areedebgrchany (e.qg.
[Chase94], [Manola98], [Powell98], [Schuldt95], [Watson98]) as a valualkx into a document store

when document content cannot be readily accessed, or as an additional controlled set of attributes that
describe the document content in a systematic way. A widely accepted structuesdontbta-data
increases the power to find documents by people who understand that structure. Acardingber of

user groups have defined their own collections of meta-data that they apply to documentsheith

domain.

The Dublin Core [Weibel97] is a well-known meta-data proposal intended to suggest a rsietimiatiata
elements that are provided by the creators or publishers of digital @bjdot Dublin Core focuses on
simple resource descriptions that are usable by non-specialists, providing a corelSemefa-data
elementsTitle, Creator, Subject, Description, Publisher, Contributor, Date, Type, Format, Identifier,
Source, Language, Relation, Coveragand Rights®. The strengths of the Dublin Core are its simplicity,
its semantic interoperability, its international recognition and its extensibility togocate more elaborate
description models [Weibel97]. Another two notable meta-data projects, ARIADN&d#e98] and IMS
[IMS99], outline resource description schemes specifically for educational resotinessdescribe not
only the subject area of the resource but also the education level which threedsaogets. Both IMS and
ARIADNE benefit from a broad recognition within the learning domain they describe.

A higher-level meta-data project currently under development is the Res®escription Framework
(RDF — [Lassila96]). This is a general-purpose framework providing structured, mashétegstandable
meta-data for Internet resources. RDF subsumes meta-data descriptions by redomraendified
notation for their representation. It is hoped that RDF meta-data descriptionsappiéad to Internet
resources, will provide an integrated means of more effective resource discoverndatéetae currently
attached to WWW documents in an ad-hoc fashion; RDF adds valuablemsracthe application of meta-
data. Importantly RDF provides interoperability between different metastétames so that user groups
and their documents do not become stranded, unable to co-operate with groups thab diseithedta-data
schemes more suited to their purposes. The RDF mechanism in itself provides no nedatiome for its
implementation. In response to that observation, [Brophy97] calls for a National AfnRgsource

Discovery in the UK to specify and oversee the working practices required teniept such a meta-data

® A full explanation of these terms can be found at http://purl.oclc.org/dc/aboutteieset.htm (Last
verified 8th March 2000)



25

scheme. The call for an agency external to each of the participants intheati#iculty in developing and

delivering a cross-domain solution to resource discovery.

An interesting and active area of the document management research literaturesirtiel\gathering
together and clustering of documents into collections that have a similar nature. Aaldertis navigate
these collections to find documents that are deemed to be similar in somBogayent collections are
implemented by the Hyper-G research architecture [Kapp&®#h Graz University (Austria) and
integrated into the HyperWave commercial produthe document collections have associated searchable
meta-data that may describe more about the collection than the collected meta-dataeds®aidtti the

component documents. A simplified version of the Hyper-G navigation model is shdigaran2-2.

@ document
O collection

— link
Figure 2-2: A simplified version of the Hyper-G Navigation Model

Every Hyper-G document is a member of one or more collections, which are in torbenseof one or
more collections. By navigating documents and the collections theydelpHyper-G assists the location
of documents of a similar nature, without the need to perform operationthevdocument content itself.

Beyond the application of meta-data, document objects within an organisation candgedirough the
application of co-ordination technology. Co-ordination technology is a term dpplighe areas of
workflow, groupware and process enactment technologies [Kawalek94]. Such technologiesplielde

to a document store without accessing actual document content. Co-ordination systems have existed for a

" http://www.hyperwave.com/ (Last verified 8th March 2000)
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number of years, Lotus Notes being one of the most commercially successful. The deéfinpition of
documertt flow within a business process permits the routing of documents from one stage of the process
to the next. The power of such products is this routing of documents along recognised lines of

communication, not necessarily the understanding of the documeenttnainsported.

More recently-developed systems have begun to realise the specific valferofition to the organisation
inside which it is stored and used. A number of systems now model the organisations inside which
information is effective. The University of Leeds has developed the cbatepVirtual Working System
(VWS) - an environment which combines information management witleragsthat enable people to
visualise, navigate and access information and communicate using a variety ohldotts [Drew97].

The Virtual Science Park (VSP) is the first implementation of a VWS.

The Virtual Science Park

The Virtual Science Park (VSP), developed at the University of Leedscustomisable Virtual Working
Environment (VWE) intended to support industrial-academic research activities [Drew97]. The aims of the
VSP project are to use networking and computing technology to createlere science park which meets
the strategic goals of a physical science park development (eg. research cadiapofée conceptual
framework of the VSP has wider applications since it provides a VWE that allowdepefdhin
organisations to interact using person-to-person communication. It is virtual in thetiszngee linkage
between people within the environment only exists when communicatiaking place [Drew97]. Each
participating organisation owns a tenancy that is a holder for all informaticedeia that organisation.
One of the current focuses of the VSP is on supporting the innovation process over the exfptiréise
participant tenancies. Expertise is classified using recognised datisifi schemes from the domains of
the tenants. At its outset the VSP aimed to support the innovation process; its dimediation across
raw data domains to produce useful information and mechanisms for supporting communicatéan bet

human networKs

Within the VSP each tenancy has it own resource room: a store for infornosfjiests that are owned by
that tenant, organised in a structured way that has significankatttehant. An information object can be

a pointer to a resource (in the form of a web address), a note, document, link to a documerk tr a lin
folder. It further allows resources and folders to be linked from other tenancies, or frenpatts of the
current tenancy. There is therefore a level of resource re-purposing, as theesauree can be accessed

from more than one classification and potentially from more than one tenancy.

8 | otus Notesdefinition of a document is a structured database record
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Resources within resource rooms are typically binary files of a prapyi&drm and not available for full-

text search. Searchable meta-data are manually supplied for each document waeédeitl ito a resource

room: title, abstract, keywords, author, date authored, document version and an é&aetmaknt ID
Resource rooms provide simpstore and retrievéunctionality for less structured resources (documents),
providing a version control mechanism that maintains a pointer to thé Vatsson, but also allows the

user to access previous versions if required. Importantly a setaofrémt resources within VSP resource
rooms is associated with the organisation within which the resoareassed. This provides an important
work context, which is not provided by more general-purpose document managemsitnsolBy
associating a document with the organisations and people to wieonelevant, the VSP enables one type

of collaboration discussed in chapter 1 - assisting the recognition of groups of people in the hope that

collaboration between these people will result in increased productivity or effesde

The Basic Support for Co-operative Work (BSCW - [Bentley97]) project providesasifunctionality to
VSP resource rooms, but does not support explicit associationgdretiocuments and the enterprise
inside which they are used. The Virtual Science Park contains an expficgsentation of its tenant
organisations and its members. A number of other systems are similarly people-aware, ptimkding
between the information they store and the people who create, maintain, viewessexp interest in that
information. MEMOIR [DeRoure98] is an extension to the Microcosm hypertext systensupports
researchers working with distributed information by assisting them in finding both relevameiots and
researchers with related interests. When a user browses documents and folkwpplieel links from one
document to the other, a document trail develops for that person. MEMOIR sebage trails as first-
order objects and allows another user to dischven else has read this documehhe proposition of such
a system is that people who read the same documents may be of interest theraeamdtinformation on
other such users is supplied. Jasper [Davies98] is a recommendation system developeshbyeBridom,
allowing the definition of interest groups and facilitating the recommendation of wed-bassurces
within those interest groups. Notably MEMOIR and Jasper are person-aware, not peised-as the
VSP is. Both are primarily document recommendation systems which make recoatioendccording to

a list of documents viewed or a list of documents recommended by its users.

More broadly, effective distribution is central to the successful useearsg of document resources. It is
clear that the WWW holds many opportunities for assisting distribution: a core initialameruity, the
integration of existing information, the use of defacto standards, the spanningrofatigaal boundaries,

and a software platform which is public domain, cross-platform and extensible [Dix97y. praducts

now use WWW protocols and browsers to disseminate their information across networks. Most of these
products, however, use the WWW only as a delivery mechanism for documents and information. Non-
WWW environments currently provide more mechanisms for collaborativk, wdrere the user is able not

only to access information, but also add to it, change it and communichtethérs workers. One of the
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aims of BCSW is to enhance the inherently stateless HTTP protocol by supporting collaborative methods
such as document upload, version management, user administration and document lodkémjsme to
prevent concurrency problems. The Virtual Science Park provides similar mechafisimsr providing

access to Internet communication tools that enable two users to communicat#lainorate on a single
document. Both the VSP and BSCW solutions circumvent the weaknesses of the current HTTP protocaol,
identified in [Trevor97]. A number of W3C working groups are currently developingnsiins to the

HTTP protocol itself (WebDAYV - [Whitehead98]) to incorporate co-pation mechanisms such as access
control and version management into the native WWW environment. Such a protocol would gstly a

the development of web-based CSCW applications that enable collaborative waorkingation over

distributed networks.

2.5 Document Model-based Approaches

Model-based approaches imply an additional understanding of the content and strutttardagfuments

they manage. While inheriting the abilities of integrated document management appratchenent
model-based approaches perform further operations on the documents themselves. Theaumter@ess

of the form of documents, document model-based approaches are able to understand and manipulate the
content, structure and presentation of documents, rather than treat tledyrasdblack box objects. The
treatment of a document as a monolithic object precludes opportunities for its reuse [Matthews98]

There are two broad areas into which document model-based approaches-divase that operate
between documents and those that operate across documents. The field of thgpértex methods for
collecting and linking between sets of documents for some purpose, providingna pfeaavigation

through the resulting collections. Search spaces and methods provide the means to discover a set of
documents across the document space by applying a search criteria. A number of on-line WWW services
(e.g. Yahoo!, Infoseek, About.com) combine searching and hypertext, alltveénger to search across the

broad information space and then follow links that provide more locatiaeigation. Conversely, the user

is able first to refine the area of interest by following hyperlinks and gegform a search across the

document resources within that area.

2.5.1 Hypertext Document Models

The hypertext community is concerned with creating paths through documents thathfelads of
discourse and argument. Early hypertext systems such as NoteCards, biin®fAuand Intermedia
(reviewed in [Conklin87]) developed mechanisms for navigating through thendmts that together
formed a single line of thought or argument. Many of the ideas were subsumed lBefiners-Lee's
original recommendations for the WWW [BernersLee89], but many were didezhan favour of the
much-simplified linking model currently used.
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The field of hypertext provides a mechanism that may be used to more effectivahysergnd navigate
collections of documents. A useful working definition of hypertexnédes of information, machine-
supported links between these nodes and a common user irtgffacringham93]. Hypertext allows
typed links to be computed or manually added between documents that aretrieleaach other in some
way. Hypertext transcends the classification of document resources, supportingiessestirelationships
and linking between different document spaces. The WWW, for example, alliimksta be constructed
between any two documents; the destination document need not know the existence of the source
document. There are many identified problems with the linking schementlyrpractised on the WWW,

but few can dispute that its simplicity has aided the WeWiniprecedented growth.

Hypertext provides a user with the ability to pursue a line of thought or enquiry without the need to
understand underlying file structures or the complexities of formulating a search tfualows the
recommendations of authors (or readers) to be highlighted to other readers so thaf tantinght may be
constructed and followed by other users. The effectiveness of hypertext is signalteé buyrrent
competition in the Internet portal industry. Inexperienced users are provittetinks to virtual'channels

that are created from Internet content that already exists. The strength of the jmetaddies in filtering,
classifying and linking information of a common subject. Three techractbfs make the Internet portal
successful: mediation of the document space, adding value throughvitgleatid the provision of
hyperlinks to supply that mediation to the uddypertext is the mechanism that communicates to the end
user the set of candidate routes of further enquiry or information. The literature points tbex ofilesues
surrounding the use of hypertext. These are:

*  The problem of becominigst in hyperspaceis well documented and refers to the complexity

of navigating the document space without limits [Conklin87]

e There is no guard againsad paths of reasoningcreated by inappropriate use of hypertext
links. The situation is exacerbated on the WWW because there is no obtiok ownership
or purpose beyonthis information is related in some walyn [Halasz88b] Frank Halasz calls
for typed links ttructured relatioristo resolve such issues. [Malcolm91] similarly calls for

typed links, and for an association between a link and its author.

e There is a risk obver-fragmentation of the document spaceas authors become overly
concerned with on-screen hypertext presentation and less concerned with the flow of

document meaning and discourse. [Whalley93]
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Microcosm

Microcosm [Davis92] is an exemplary hypertext product developed by the UniverStutfiampton that
allows its users to integrate disparate pieces of information into a cehesly of documentsit is
essentially an open framework for agents that control and relate the individual docijideRisure96]. It
extends the simple unidirectional link currently prevalent on the WWW, regarding links tasrdies
objects, retaining their separation from document content. Microcosmtifies and implements the

following types of link:

e Static links, where both the source and destination have been defined in advance.
«  Dynamic links, where the source and/or destination is not defined until the link is followed.

The ends of the link are decided according to some rules at the time of liritiacti

Both static and dynamic links can either be created manually or computed. Colfinkgtede dynamically
created by the system according to some pre-defined rules, requirintenention from the author. They
use information retrieval techniques such as automatic indexing to develop links thbé msgful, but
which may not otherwise be added manually [Li92]. The initial Microcosm model isnsimdfigure 2-3.
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Figure 2-3: The Microcosm Model

The initial design of Microcosm facilitated the creation and navigation of links between two eldsum
their native file formats, allowing both manual and automatic links to beectedtt recent years

Microcosm has started to incorporate sessions [Goose97] that provide views on the ndostomse
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MEMOIR [DeRoure98] further extends the hypertext provision of Microcosm tadecthe interests and

document trails of its users.

Clustering Documents

Regardless of the hypertext approach used, increasing amounts of documentatidheliamhount of
manual link creation possible, and some successful automated methods have developed. Information
retrieval and artificial intelligence techniques have been used effectively to undaseers of similar
documents within limited domains. [Merkl95] describes the use of self-organising fezdpseto apply
statistical clustering to a collection of software documentation. The tasiéxbftlassification aims to
uncover the semantic similarities between various documents by congtieetinre vectors for each of the
candidate documents. However, even for the small domain of software doctiomeakaost 500 distinct

terms are found, forming a 500-dimensional vector for each document. [Merkl97b] acknowledges that this
method is too cumbersome to scale to general-purpose document management. Siistileal skatrk is
described in [Honkela95], [Schweighofer95] and [Apte94], based on clustering documehts/thaimilar

single word frequencies. Such keyword searches and statistical techniques hawaé IBeitations,
however, noted in [Riloff94]:

« Synonymy Two different words may have the same meaning, but would be regarded as
distinct concepts during document clustering

« Polysemy A single word may have multiple meanings, yet would be regarded as tke sam
concept

e Phrases Some words are only meaningful in specific phrases

« Local Context Some words and phrases are attributed with a specific local context

e Global Context Some documents do not contain essential keywords because of the
understood surrounding context. A football report, for example, may not contain citthe
words’football or'sport because its context is understood on the sports page of a newspaper.

These problems have been approached in a number of ways: thesauruses to identify syamshymy
polysemy [Wang85], recognition of word pairs or triplets to identify phrases Elfpftspecialist
dictionaries [Apte94] to understand local context and analysis of documentcsBtiel a global context
[Argamon98].

Caveat

Some (e.g. [Nurnberg97]) regard hyperlinks as a destructive mechanism ouenethbcspaces because
they emphasise a primacy of data rather than primacy of structure whithitext and its classification.
Nurnberg argues that hyperlinks cut across the document structuresre¢hegqaired to form sound

argumentative systems that reflect formal, communally defined relationshipeticular domains such as
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teaching and learning, [Cunningham93] argues for the case of conssmctiv document delivery.
Constructivism proposes that instruction is less a process in which knowledge isimicated to learners,
and more a matter of nurturing the ongoing process. In this view, knowledgeaistia@ process of
construction, not the receipt of information from external sources. While notcablgito all forms of
document management, the case for constructivism at least highlights theo mestritt hypertext in

certain situations.

2.5.2 Document Search Space

Applications with large, unfamiliar, heterogeneously structured network are not well saitBdkt
navigation alone [Halasz88a]. If the user is located at a point in andmtspace that has no defined links
to the required information, no amount of link navigation will yield the requiesdIt. What is required in

this situation is a higher-level search across the document space. The search naagogatdent which is

useful in itself, or from which the user can navigate links. Search methods across document spaces are an

area of much research and commercial exploitation. Search methods camdmtecised as:

e Syntax search A syntax search is performed across the content of the document itself and
can be performed at the word or phrase level. Documents with more occurrencesafthe s
term are considered more relevant. Such searches are the most commonly used ecross th
WWW.

¢ Meta-data search Meta-data have been discussed earlier in this chapter, providing
descriptive data about the documents to which they are attached - document title, author, etc.
Searching sets of meta-data to find relevant documents enables a useoverdi®cuments
that are either not searchable or that do not contain the specific information enéfiatle

format. Such an approach is adopted by the Virtual Science Park.

e Semantic search Forming the cornerstone of current commercial knowledge management
systems such as Excalibur [Excalibur99] and Autonomy [Autonomy98], semantic searches
incorporate the notions of synonyms and semantic concepts, aiming to capture and
communicate intended meaning. An underlying network of semantic corpapt#ts a level
of interpretation over the document space. The promise from such systeangdocument
relevant to the query that does not necessarily contain the search terideghrov

The open nature of the WWW document mark-up language HTML (HyperText Mark-up lgengua

[W3C98]) has led to a proliferation of on-line search engines that cataloguesabiages. One of the most
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powerful of these, AltaVisfapermits a syntax search across more than 40 million web pages indexed from
web servers world-wide. It permits a single-word or phrase seara@ny combination thereof. Results are
returned to the users with a basic summary of candidate pages and appropriate links to tla¢idanform
sources themselves. While searches across document syntax produce an cebwidaandidate
documents, their effectiveness is limited [Davies98]. Such systems caaraetehised by two measures -

recall and precision

Recall = number of relevant documents retrieved
totalnumberrelevant
Precision = number of relevant documents retrieved

total number of documents retrieved

It has long been realised that both the recall and precision of web search engines cér lmvqu
[Davies98]. Other search engines such as Yahoo! and AskJeeves attenqinweitt the problems of low
recall and precision by manually approving and classifying web resoiiate effective to a certain
extent, such manual systems are not scalable and automated alternatives areugeinglse problem is
exacerbated by the lack of semantic structure within HTML. [Bosak9Thiesphow HTML is failing in

terms of extensibility, structure and validation, and many have rejected_HiEMn effective language for

marking up document content.

Of increasing interest among commercial knowledge management products are semantic seashes
corporate document stores. Two exemplary products of this nature are RetrievdiWaecalibur
[Excalibur99] and Autonomy Knowledge Server [Autonomy98]. Both contain configurable semantic
networks that link concepts that are not syntactically linked. Hee need not therefore enter the exact
words that will result in successful retrieval. Certain syntactic words activatenceemantic phrases that
in turn activate other syntactic phrases. Resolving such a semantic network to a paeijotiiaoroduces a
list of syntactic structures that are then sought through themtistore.

Another approach to semantic searches is exemplified by Carole 'SGoldek at the University of
Manchester. Rather than provide a general purpose semantic network with limited depth, Gothés prov
much more depth over a more restricted domain. For a specific domaiméslizine [Goble94]) a model

is constructed in such a way as to permit inference of new conceptshiosm that are added explicitly.
When a new concept is added a number of constrained inferences are madepdtketimg the semantic

network. It is possible to associate a document with a particular concept and, through saimféoerezes,

° http://www.altavista.com/ (Last verified 8th March 2000)
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propagate the document through the semantic network. Such computational infeneleckes much
research on domain ontologies, which are discussed in a later chapter. It is proposethchimtgat
documents to such a domain model may assist propagation of a document to other aredsrofithe

where that information is of further use [Goble97].

2.5.3 Document Reuse

[Levy93] argues that documents are the localisation of communicative matepalticular purposes and
instances of recognisable social types. This definition pdimta number of problems to overcome if

documents are to be reused for more than their original purpose. These are:

e Localisation of communicative materialidentifies a wrapper of contextualisation added to
the information to make it effective in its current environment. This nmaplve the
translation from external unfamiliar language to localised terminology, so thaingeaay
be understood within the current context.

* Instances of recognisable social typdsghlights the importance of document type or style -
the reader can assume much about the document if its document type is understooty Lear
to determine the style of a document is a dual to that of determining its topic [Argamon98].
This claim is borne out by current work on community-wide document type definitions for

particular document types [Weibel97] [IMS99]

In order to facilitate document reuse there is a need to clearly identify the towittér which a document
is useful, and to separate document content from its social type (structure and poegei@imice many
documents are communicative artefacts and represent truths about the world, \thegjuira updating as
the world changes. The incremental changes in the world should be refledtenieasental changes in
documents. A document that incrementally changes is one that reuses muchetitht ekists and to
support document reuse is to facilitate such incremental changes. This thesis attemptieto furt

understanding on the reuse of documents for more than their original purpose.

David Levy identifies four stages to the reuse process which he has twérfedir Cs [Levy93]. According
to Levy, all documents, and versions of documents, come into mcéstey some combination of the
following operations:

Creation: The production of new material

Collection: The identification and gathering together of previously existing material
Combination:  The stitching together of new and old material to form a new unity
Customisation: The reworking of this material to fit its new setting
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Karl Branting argues in [Branting96] that document reuse requires access to dhmaloitentions
underlying the documen®Problems of document maintenance are exacerbated by the frequent personnel
changes that characterise large institutionswithout access to a document's authors the intent behind
particular clauses may be ldsBranting describes the reuse process from the perspective of document

purpose (or goal), proposing an automated process to find and reuse relevant documents:

Given - A set of goalso be accomplished by the document to be drafted

- Alibrary of existing documents

Do - Retrieval Find the existing documents that best satisfy the current goals
- Comparison Display the differences, if any, between the goals achieved by the
retrieved documents and the current goals
- Adaptation Remove the portions of the text whose only purpose is to satisfy
goals that arénpresent in the current situation (excision) and add text to satisfy
any of the current goals not satisfied by the retrieved text (augmentation).

Rada emphasises that in order to successfully reuse document material, some kind of classification
existing material is vital [Rada90]. He proposes a semantic net to provide aneawvefvihe content of
document text in order to locate relevant documents for reuse, Badding and Levy all recognise that a
fully automated reuse mechanism is not currently viable, and that thelfiasé of any reuse process must

be a manual customisation of the generated document.

Examples of reuse

A changing attitude to electronic documentation is provided in [Lincoln97], which desenb@teresting
piece of’future workK for the Open University (UK). The Open University is a successful distributed
learning organisation that would like to deliver its courses in an increasingly dynarmicLimaoln
describes a study that was initially intended to investigate effeatesns of converting existing course
materials from electronic text prepared for printing to the HTML format, suitableefading on-line.
However, he expresses concern that the straightforward conversion exerciset inayvorthwhile without
adding value. He claims that such value may be added through reuse and repackagstmgfcexirse
materials intdsmaller, inter-linked chunk$or new learning markets. Lincdénproject report highlights an

increased awareness of the potential benefits of document reuse.

A number of projects in the research literature accomplish document reuferandlevels of abstraction.
Two projects described in [Gehringer98] recognise the potential advantages of regsinges within the
learning domain. The projects aim to collect together resources from disparesieaal institutions and
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classify them according to the subject and educational level. The projects airavidepan on-line
catalogue of such resources, which may be accessed by tutors seeking couraks matator with a need
to produce learning resources may be able to find a set of course materialagpragriate subject at an

appropriate educational level, then be able to somehow reuse those materials.

The advantages of separating a docuraerdntent and structure from its presentation are highlighted in
Karberis article’ News You Can ReusfKarben99]. It describes the successful re-purposing of Wall Street
Journal content to a range of publishing partners, each of whiclir@ecarticles in its own electronic
format. Where traditional methods of content reuse involved the manual reformatting of each article for
each new purpose, the system automatically produces news articles in a ratygesaissng the XML

mark-up language and its associated standards.

Some types of documentation lend themselves to reuse more than others. [Matthewsi®@kdasdcistrial
project documentation that intermixes project data with more commonly-used tebdsatiptions.
Matthewsapproach embeds data elements (coded in the EXPRESS language) withinestrdatuments,
automatically generating document instances from product data. SimiNecdustre97] introduces the
notion ofvirtual documents which are part static and part query-based. Vercoustre develops a grammar
that enables the retrieval of information from databases and the inclusion afftimatation into a new
document, interleaved with fresh (static) document content. The grammar is euwbeitin the
documents themselves, which are coded in the SGML mark-up language. éffedtive for its purpose,

this type of document reuse is not extensible to general document production wherke rexsgionents

cannot be discretised and intermixed with static document content.

2.6 Conclusions

Documents are able to assist in the construction of organisational memories thatlyncgmture
knowledge within the organisation but also provide ways of developing new opportunities. Physical
document artefacts codify a semantic meaning that has value to the organisttionmvich they are
managed. Central to a documsnisefulness is its classification, its ability to be deliveodtie right place
at the right time and its potential for application to new problems (reuse). Notably smigllapart of the
research literature discusses document reuse, indicating either itsanmedeor its complexity. This thesis
proposes the latter: that the issues surrounding document reuse are significaatbomptex than those
for structured information reuse. An understanding of a docusnéotm - content, structure and
presentation - facilitates its effective recall and presents opportufaiti#s continued use and reuse within
an organisation. A further understanding of how a document is used within an aigamsavides useful
cues for potential collaboration. Through a document model-basedaappithis thesis aims to provide

higher-order benefits that would be possible from conventional document management.
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3 ILS Case Study

3.1 Introduction

The previous chapter described the nature and value of documents, their manageneniher areas of
research that may assist in more effective management of an entegoi@enent resources. This chapter
describes DEF STAN 00-60 (DS0060) - a well-developed document architecture that repaeserss-
enterprise document management solution. DS0060 is based on Integrated Logistics Gupport
principles, which support the development of all in-service military equipment. B8®60) document
architecture focuses on the storage, retrieval and publication of technical svdrataupport the lifecycle

of military equipment. ILS proposals suggest that document reuse is possible through thetathgmein
documents into independent document modules and subsequent assembly of these parts into a work-
specific publication. This chapter introduces the concepts of ILS and the DS0060 doeuchéstture,
describes a feasibility study undertaken, and ends with a discussion of how DS0060 primeiplbe

extended to more general document management problems.

3.1.1 ILS and CALS

In the late 1970s the US Department of Defence (DoD) found it necessary to respond to a newly identified
problem within the defence industry. The cost of in-service support for some defence equigase
proving to equal to or more than the cost of its original procuremeam|ixskio5]. Clearly, to predict any
necessary support early in the products design and make considerations in order to minirsiggptrat

would be very advantageous. To that end, the DoD devised a strategy caljgdténte ogistics Support

(ILS): a disciplined management approach aimed at optimising life cycle costs (LCC) otedefen
equipment. The underlying fundamental principle of ILS is "Designing for Support" as opposed to
"Supporting for Design", providing a structured analysis of supportability throughqaroducs life.
Subsequently, in response to the DoD recommendation, ILS was mandated by theiktky ldf Defence

on 80% of new procurement for the financial year 1996/97.

ILS provides the discipline for ensuring that supportability and cosbtriaetre identified and considered
during the design stage of defence equipment so that they may influence the débkighevaim of
optimising Life Cycle Costs (LCC). It encompasses Logistic Support Analysi)(lUStegrated Supply
Support Procedures (ISSP) and Electronic Documentation (ED) creation and delivisryheBis focuses

on the electronic documentation management aspects of ILS, mentioning the other elements only in

passing.
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ILS focuses on the modelling of the design and development phasesoafugtpeycle to ensure adequate
provision for its through-life support. Continuous Acquisition and Lifecycle Support (CALS) brsdde
scope of ILS to include procurement and maintenance phases of defence equipment. CALBésidescr
'a joint government/industry strategy to re-engineer error-prone, labour-intenspe, lp@sed business
processes with an automated and integrated acquisition and logistics support prboesssesn digital
data and documen{iNATO96]. CALS and ILS both aim to:

* Reduce lead time, reduce cost and improve quality
« Integrate and improve design, manufacturing and logistic functions

» Bridge existing islands of automation

The aims of ILS are broad, covering a range of information and techndlbgyparticular role of DEF
STAN 00-60 is to fulfil the ILS aims for the documentation associated twélentire range of in-service
military equipment.

3.1.2 DEF STAN 00-60

DEF STAN 00-60 (DS0060) defines the UK Ministry of Defence (MoD) requingsnfar the application
of ILS principles for through life management of equipment. It is a profile of existing, atienally
recognised standards which are brought together for consistent use, encompassingdriesgrirements
(British Army, Royal Air Force and Royal Navy). The baseline standarcelfectronic documentation
management under DS0060 is an Anglicised version of AECMA Specification 1000D 186D,
amended to provide support for the current range of UK military equipment and practices. almsleem
of this chapter describes the recommendations of DS0060 in pursuit of through-lifeedicaupport of

UK-based defence equipment.

For the MoD the problem of documenting increasingly complex defencpraqut is well-established. For
the British Army alone, product documentation costs are estimated at £50 million perarb86060
aims to provide electronic methods to store and access increasing amoumntsuofedtation for

increasingly complex products with increasing life-spans. Its general aims are

e Lower document production and amendment costs
* Avoid duplication and promote reuse

* Lower distribution costs

* Increase integrity

* Widen access

1% Courtesy of the Army technical support agency
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* Allow more direct end-used feedback

Further to the support of new product documentation, there is a requiremerdgdiivef§ manage legacy
documentation. DS0060 includes a migration path for legacy documentation. Tak @eeument process
detailed in DS0060 is shown in figure 3-1. It shows the input of both new and legacy documethiedata
storage mechanism for those documents, a mediation layer that extracts do@fmmelatance to the user
and a user interaction layer. The storage layer is of specific interéss thesis and is discussed further in

the next section.

e A
| User Requirements |
| Screen Print Braille

User
Interaction | User Authentication

AN ; f J

Mediation | Seard | Resolution
(

Storage
-
- @ @ N
Add DMC )
Add DMC Audit Split into DMs Audit
Input Check OCR
Author DMs OCR
Scan Paper
\_ New Data Legacy Data Y,

Figure 3-1: The Overall DEF STAN 0060 Document Process

3.2 The DEF STAN 00-60 Document Architecture

DS0060 establishes a uniform approach to the procurement, format, transfer madiomiatenance of
electronic documentation (EDJhe underlying principle of DS0060 document management is the central
retrieval and generation of technical documentation from a set of data modules. iathule is defined

as:

A self-contained unit of data for the description, operation or maintenance of an air
vehicle, airborne engine, airborne equipment and support equipment. The unit of data
consists of an identification and status section and contents section and is produced in
such a form that it can be input into and retrieved from a database using the data module
code as the identifier.
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The data module forms the lowest level of document abstraction. Each data module is
marked with a unique code that identifies its role in describing some piece of defence
equipment. In order to share and reuse the document information across software applications and
computing platforms, The Standard Generalised Mark-up Language (SGML) immecaled as the

document storage format.

DS0060 recognises two high-level document phases: the consistent creation of individonaldidéss (the

input stage) and the construction of a selection of data modules into a final publication (the output stage
The final publication, to be viewed by the end-user, is called an InteraElectronic Technical
Publication (IETP). An IETP is a technical manual (maintenance, user, gaoparations, etc.) prepared

in digital form on a suitable medium, designed for electronic screen dispdaydnd-user, and possessing

the following characteristics:

A move away from paper-based presentation of information to modular display.

« A move towards display on PCs and laptops

« A move towards interactivity in providing procedural guidance, navigation tdirex and
supplemental information.

* A move towards multimedia

« A move towards providing a variety of paths to the right information

______________ :___j - models

'Storage Scheme! , _

i oo@ooo 54 provides a view on Eﬁ

AN I O I o o .-

' Oooooo Publication

______________ 1

Tstored according to

D D D » | Publication Scheme i

Data Modules retrieved accordingto } O OGOGOHo

Tdefines rules for

Figure 3-2: An Overview of the IETP Publication Process

The overall publication process of a publication (or manual) from a set of data smélat®wn in figure

3-2. It shows a collection of data modules stored according to somdicédsi (storage) scheme and
retrieved and published for a purpose according to a publication scheme. The publication scheme provides
a restricted view on the entire collection of data modules, and results in an IneeEdetitronic Technical

Publication (IETP) for a particular purpose. In order to build a collectiosetffcontainetidata modules



41

into a useful publication (IETP) a number of levels of abstraction are developed by DS006@&r¢hese
shown in figure 3-3 and explained below.

IETP

Views [ ToC | | Lol || cLos || PROC ||

( List of Effective Data Module Headers )

Data Module /R

Header [DMH1 ] [DMH2 | [DMH3 ] [[l)_l\lg'g/

MoDdi:: (bm1 ][ pbm2 || bm3 || Dm4 D

Figure 3-3: The DEF STAN 00-60 Storage Model

Data Module (DM) Layer

A Data Module (DM) is a document file that holdssalf-containedunit of data describing a particular
operation on a particular piece of defence equipment. Each DM is an SGMhdtl strictly conforms to
the DS0060 data module document type definition (DTD). Each DM consists of a télatus and
identification section and document content. The status represents the security classifiodtimsue
number of the data module, and can be disregarded for the purposes of this tlegsienfification section
is, however, of significant importance, codifying the document contihtrespect to the MoD equipment
range. The identification code is formally known as the Document Module ©dd€)(and is discussed

later in this chapter.

Data module header (DMH) layer
A Data Module Header (DMH) is defined for each data module in the database. The DMH is the only point
of access to its corresponding data-mogdpitevides both a wrapper of abstraction and entry points into the

DM’s contents. The DMH may contain any of the following:

* A generated table of contents (TOC) for each data-module
* A gglossary for all tagged terms used within the DM

e Access links to different points within the DM content.
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A DMH can be dynamically generated from a data module when it is firseeriteo the database and can
also be manually extended. Entry to DMs is only granted at cenaitsgo ensure that the reader does not
miss essential document content such as warnings or cautions. This is an obvious fooracdocument

system that delivers safety-critical information that must not be ignored by the user

List of Effective Data Module Headers (LOEDMH) layer

The LOEDMH serves two purposes: it provides a catalogue of all the DMs ishatabase and a switching
mechanism for linking public identifiers to system identifiers. The separation gfuthlec identifier from
the system identifier is a valuable concept, allowing a data modukerefdrenced from any of the higher

layers without the need to refer to the physical file location.

'Views' layer

The views layer, also known as the output specification, contains tnadimn of the DMs required to
form a particular publication. It is at the views layer that all relevant Bidsextracted from the database
and arranged for publication. The views layer provides the end-user with ay\@frigaths to the right
information via a method that best suits the current purpose. Figure®8 slthumber of typical views:

« TheTOC (Table of Contents) view does not specify a subset of DMs to extract and publish,
but does specify mechanisms for ordering and displaying the DMs contained within the
database. Only at the TOC level is there an awareness of a required orderilyg. E
recommendations for the TOC view go no further than suggesting an grieitical to that

of the corresponding paper-based publications.

e ThelLOl (List of lllustrations) view extracts all illustration DMs from the database atel®
them in some way. As with the TOC view, early recommendations merely recreate the

structure of equivalent paper-based publications.

e The GLOS (Glossary) view recommends the extraction of all glossary entries fnem t
database and their subsequent ordering. Technical documentation inherently contains a
number of specialist terms which are conventionally defined in a separate glo&sary.
GLOS view provides the recommendations for building that glossary.

« The PROC (procedural) view is a complex view that retrieves DMs relevant to a specific
task. There exists a PROC description for each task that an engineer may need to perform,
which gathers together documentary and illustrative materials into a single publication. The
PROC view hints at the possibilities for document reuse: a single DMomagferenced in
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more than one procedural view. A paper-based equivalent contains high legafdichtion
to ensure that all printed procedures contain all the required information.

Interactive Electronic Technical Publication (IETP) layer

An IETP is a collection of DMs relating to a pre-determined topic, aimedag bwed by the end-user.
The lightweight IETP layer contains publication-specific informasanh as a generated table of contents
and the current publication status. Access to a publication is recommended strictly theolUghR layer,

which provides access to all the DMs within the specified publication

3.2.1 The DS0060 Document Module Code

The document module code (DMC) is the central mechanism with which to identify the purpose of each
data module. The structure of this 32 character enterprise-specific alphangougiis shown in figure

3-4. In order to identify the applicability of a DM to a specific piece of defeaquipment (type and
model), a model identification code (MIC) (13 characters) is provided. AMiEwis used whenever a new

type, model or variant is thought to necessitate establishment of a separate database. To qualifgithe
identification code a single character material item category code specifies whible tri-service
categories the MIC applies to - one 'ship, 'electronic/automated softwaréaircraft/missilg 'surface
vehiclé or’ordnancé
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| |
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1
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Standard Numbering System

Figure 3-4: The DEF STAN 00-60 Document Module Code (DMC)

The Standard Numbering System (SNS) provides a system/sub-system/subtsaobtagakdown of the
equipment identified by the MIC. Where a sub-sub-system does not provide a sufficiently low level of
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breakdown the system difference code (SDC) enables differentiation across parts ohehgubasub-
system. The Disassembly Code (DiS)a two character alphanumeric code that identifies the
breakdown of an equipment assembly. As such it both allows an identification of equipment
parts and suggests a procedural ordering for equipment disassembly. The DC highlights the
way in which a particular code can describe either the equipment or a process on that

equipment, depending on the context of the user at the time.

Outside the scope of the current DMC but worthy of note are the additional zoning and
access codes that assist in referencing assemblies, access panels and doors within data
modules and technical publications. The DMC focuses on functional breakdown of military
equipment, but these functional breakdowns may not be of particular use to a mechanic who
is looking at a physical embodiment of that equipment. Zoning provides a standardised
alternative index into relevant data modules by supplying a physical breakdown of a piece of
equipment. Such an alternative view of the equipment is valuable, providing a variety of paths to

the right information.

To this point all parts of the DMC describe the decomposition of the equipmentvitese The
Information Code (IC), however, is used to denote the type of information isgbeiated data module.

The identification of both product and process is valuable in facilitating retoéwaformation fit for a
work-based purpose. A general description of a car tyre, for example, is ineffectivaningtihie reader
how to change that tyre. The IC encodes the way in which the DM content desanilbperation on the
equipment identified elsewhere in the DMC. Once fully defined for a particular data moduleCa DM

describes the low-level part it describes (product) and how it describes that peges§)ro

3.3 DEF STAN 00-60 Feasibility Study

This section describes the DS0060 feasibility study undertaken with Logistics Support Consulting (LSC,
Tamworth, UK) and the UK Ministry of Defence. At the time of the feasibility study tHe EAN 00-60
recommendations described in the previous sections had not been proven, and no DS0060 irtiplementa
had been produced. The aim of the feasibility study was to provide a techoichbpconcept that would
enable the MoD to undertake extensive user trials with its designers anee¥agusing production
documentation for a single piece of defence equipment. A set of recommendallimned as a result of
working practically with DS0060, which were passed onto the Electronic Documentationr&ubp-G
(EDSG) within the MoD.

The purpose of the software demonstrator was to complemeris [E8Sting Module Master product
which manages the input phase of the DS0060 document process (figure 3-1). Modelepktastes a
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mechanism for the addition of low-level data modules into the Common Source Dat@B&d®) (for

further processing: the CSDB contains all the DMs for a particular military product.sdtieare
demonstrator extended the DS0060 support provided by Module Master, providing a method for producing
the DMH, LOEDMH, Views and IETP layers of the architecture, and for viewiagdsulting output on-
screen. After iteration, the software demonstrator became a full-8irBx8P060 product that is now being

used to support a number of in-service military products. Its role was two-fold:

e To support theautomatic production of the DS0060 layered modefrom input (DM) to
output (IETP) phases

e Toprovide a simple document browsethat enabled access to the resulting publications

Due to the involvement of a number of people and organisations in the feasibility stublypgbitant to
briefly highlight the authds contribution to the work detailed in this chapter. The DEF STAN 00-60
standard was developed by the Ministry of Defence (MoD), adapted from AECMA $P&ID. The
authots contribution, through Logistics Support Consulting (LSC) was three-fold:

« the development of software to prove the DS00&gered architecture through the

automation of data migration from lowest-level DMs to top-level IETP.

» the development ofiewer softwareto navigate the resulting IETP, resolving pre-requisites

and supporting hyperlinks between data modules.

« the delivery of a set dfechnical recommendatims to the Electronic Documentation Sub-
Group within the MoD that were incorporated into a subsequent chafifeFoSTAN 00-60

3.3.1 Layer Generation

The layered structure of DS0060 architecture serves two purposes. First, it ensullasty between the
stored data modules and the final publication, reducing the impact of low-level changes., 8caosl
value by storing layer-specific information at the relevant layer. A ipatdbris status or security
classification, for example, may differ to that of the DMs it contains. With eim&®d nine million data
modules expected across the three military services, it is clear @imatahproduction of the DS0060 layers
is not feasible. Extraction of relevant information from lower-level DMs permits a high déautomatic

layer generation:

» TheDMH contains extracted information from its associated data module
e TheLOEDMH contains an entry for each DMH

* The simplewniewscontain a list of available DMs and a standard structuring scheme
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* ThelETP layer contains much information that can be added at the time of IETP ti@mera

A software tool was developed, using an SGML parser to perform the migration fradtieyer to the
IETP layer. Each of the layers, represented by one or more SGd4l.\fias navigated and manipulated to
extract relevant information and package that information into the layerdmately above. Each SGML
file was parsed with an SGML API - Synex Viewport - that permitted dynam@igIlSprocessing and

assembly of the SGML instances.

Although DS0060 outlined the general structure of each of the layers in the form of SGML document type
definitions (DTDs), the proposed DTDs were syntactically invalid and did not convey all tnmation
required for adequate software production. The project findings passed to EDSG recothoweneiged

SGML DTDs that would more fully support the role of each of the DS0060 layers.

3.3.2 IETP Viewer

The second deliverable from the feasibility study was a proof of concept IETP browser f28@060
architecture. The task of the browser was to create an on-screen represefi@iotlication for the end-
user to navigafe. The viewer was implemented using Synex Viewport and Borland Delphi, provading
Windows-based viewer with functionality similar to that of current web browsers, butilaideaat the
time. The viewer implements the IETP layout semantic recommended by DS0060, pravigiimgple
interface and a hyperlinks navigation model. A simple TOC (table ofents) view layer was

implemented for the demonstrator, providing high-level entry points intgeherated publication. Basic
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Figure 3-5: IETP Browser Display Showing TOC and SGML Views
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Figure 3-6: IETP Browser Display Showing TOC and Graphic Views

navigation functions provided within the IETP viewer are similar to those availaitevreb browsers -
frame forward/backward, simple search, bookmark, history, and navigation eflinigs. Further to basic
browser requirements the viewer is able to view and navigate the digaltyayenerated TOC at any time.
For illustrative data the browser supports basic zoom and scroll functions. Examplsiscteefithe IETP
browser are provided in figures 3-5 and 3-6. Both show the table of contents view oif Bhim lthe left
pane of the display, and in the left pane show a rendered SGML document (figure 3-5) and aioitlustra
(figure 3-6).

Of significant importance to the IETP viewer is a level of control or doaatver the user. Whereas web
browsers allow the user to freely navigate around the document space, this is undesirable and potentially
hazardous in an equipment maintenance environment. Freeform delivery of an IETP is not suitable for task-
based navigation, where sub-tasks must be completed in a specific order. Of specific twtiueproof

of concept viewer were support for pre-requisites and warnings, cautions and notes.

Pre-requisites

Although the DS0060 architecture describes a data modideseK-contained unit of ddtan practice this
level of separation is very difficult to maintain. DS0060 realistically recogrtisat a particular DM may
have one or more essential pre-requisites to enable its successfahdgrovides an explicit mechanism

for their representation within the data module DTD. Pre-requisites are cetatexlDM layer as a set of
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pointers. A data module with pre-requisites contains pointers to all its pre-requisite DMs by ntbains of
unique data module codes. The storage of pre-requisites has only a minor effecstonatpe model but at
view-time these pre-requisites must be resolved to ensure all relevant informatioreimasetysieved.

Further complexity becomes apparent when the pre-requisite DMs themseiltas poe-requisites.

For example, a maintenance task to fit a new air filter may coinéaimove old air filteras one of its pre-
requisites. In turnremove old air filtermay contairilocate air pumpas a pre-requisite. The decision of
whether a particular DM is essential enough to become a pre-requisite remains at rit@oulist the

engineer who designs a particular DMC scheme - DS0060 provides only the mechaniguidiamote on

the use of such a mechanism. In the example provided, the user should be guided firsodatéhair

pump DM, then to'remove old air filterand finallyfit new air filter. The user is provided with’Boné

button which must be pressed to progress through the list of DMs. This level of control over the user is
deemed necessary by the creators of DS0060 because of the potentially hazardous side-effects of freely

navigating the publication.

The IETP viewes task is to resolve all pre-requisites and display all relevant DMs in a suitable sequence.
Due to the nested nature of the pre-requisites a doubly linked list was developed that inuucketteed
pre-requisites. Navigation of the linked list ensures thaprairequisite DMs are viewed before the DM

itself is displayed.

Warnings, Cautions and Notes

Due to the potentially hazardous nature of the procedures described within an IETP, DS0060 advocates
three levels of caution that can be associated with any particular data modukecatmgsns form part of

the DM, delimited from the actual DM content by SGML tags. At view-time vilegver application
displays any warnings, cautions or notes in modal dialogue boxes before presenéing-ttser with the

DM content itself. The border colour of the dialogue box indicates whether the itemaming (red),

caution (yellow) or note (black). As with the pre-requisites, restrictionhefuses browsing ability
essentially highlights information that must be seen and acknowledged before the aldmwes to

undertake the procedure described within the DM.

3.3.3 Evaluation

The feasibility study was deliverEdo the Electronic Documentation Sub-Group (EDSG) - a sub-group of
the Defence Technical Documentation Policy Committee. An evaluation of the destamsvas

undertaken by the Royal Navy, who created a large set of DS0060-compliantadiat@srfor testing and

2.0n 3rd October 1996
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operational use. Once the DMs had been added to the Common Source Databagett{€3@Bwing
procedure was followed to produce an IETP for a particular need.

1. Using LSG Module Master product, a set of DMs was extracted from the CSDB for a
particular purpose.

2. Using the demonstraterlETP layer generation facility, the DMH, LOEDMH, Views and
IETP layers were generated for the DMs extracted at stage 1.

3. Using the demonstrater IETP viewer the end-users were able to view the resulting

publication, using the generated TOC and DM hyperlinks for navigation.

The demonstrator resolved all DM pre-requisites as the end-user browsed the publication, highlighting a
warnings, cautions and notes as they arose. Simple hypertext ravigattures were supported, enabling

the user to re-trace his path through the publication.

The evaluation was overseen by LSC for a period of nine months, and was judged toehasecbessful
in providing effective access and control over a range of publications generated from a core set of data
modules. All parts of the layer production and viewer application scaled to the increasbdr of data

modules in the test environment.

User feedback was mostly reactive, commenting on the functionality of therviatlver than the method
of access to relevant information. Comments on the layer model centred arouiehih&ayer where DMs
relevant to a particular use are identified. Two views were identifiedlaable to the end-users during the

trials:

« themaintenance schedul¢hat identifies and supports maintenance tasks

« theillustrated parts cataloguethat provides a graphical breakdovizofing) of equipment.

The users commented that rather than searching the system for a technical desdraytiare far more
likely to seek relevant information from the task they are currently undiegt3kThis observation suggests
that users view a publication in terms of the role it serves rather than the subject mattiectively
describes. It further suggests that the construction of descriptive atiorninto task-specific procedures
is a valuable exercise, providing a means of assisting the user irgfinflinmation relevant to the current
need. Although only two layers were identified as particularly usefuindutrials, 14 different

specifications for output have now been developed for various projects. Vélegtaent of these output

13 This observation was made by Paul Clark of LSC Consulting (Tamworth, UK) durimaih
discussion on 14th January 1999.
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specifications points towards reuse of underlying DMs for more than opag®jralthough significant
reuse has yet to be realised across the limited domain used in the engbesitd.

3.3.4 Extensions to the Feasibility Study

The feasibility study provided a successful proof of concept of the DS0060 layered mebdahachanism
for storing and retrieving data modules. During the evaluation period, the mairrm®mnaised were the
amount of time and expertise required to codify both the data modules added to the CSDBvavdsthe

layer that provided differing views over the DMs stored.

Automatic Views

Within the DS0060 layered architecture the views layer provides a wouksged approach to data module
collection, combination and customisation. Currently the DMC conveys the prodirhpesition view

and the information view - how the DM describes the identified product or component. TheiDMC
intended to represent the purpose of a data module without explicitly representingytimewtch it is
eventually to be used. This inherently provides problems in automatically compiling publicaticams fo
specific work-purpose, because the work purpose has been deliberately omitted from the data module
classification. Currently each view is manually constructed, containlisgy@f relevant DMs to include in

that view. The MoD is currently undertaking studies to develop automated methoddidotirap DMs
together for IETP production by dividing tasks into subtasks. Once a set of subtasks is resolved it is
expected that these subtasks can be combined to describe a larger task. Tdreabldgier of abstraction

at the views layer is expected to yield additional opportunities for reuse, but thisleeslot form part of

this thesis.

Automatic DM Classification

The 23 character data module code (DMC) is the key to successful DM storage and retrieval, and has been
carefully constructed to cover all configurations of current military eqaigmThe correct DMC
assignment to a particular data module is currently a manual task undertakgreltg with a knowledge

of both the domain of military equipment and the structure of the DMC. With an estimateghiioe

data modules across the three military services the manual method of DMGi@tllasa major process
bottleneck. It would be advantageous if an automatic method could be found for aljawates to data

modules.

Chapter 2 described efforts by the information retrieval community togrése clusters of documents
based on their syntactic content, building a statistical correlation between sets of documersisialh
experiment of a similar kind, the feasibility study analysed a sample of 100 inesdatec modules and a
statistical syntax-based clustering was found. Word frequency tables were extracted for each data module

and 100n-term vectors were produced (wherevas the number of unique terms across the test set). A
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graph was plotted with a single point representing a single data module, and a correlation soegiit be
points. No correlation was found, indicating that on word-count alone data modules canhustdred:

The research literature points to some reasons as to why such clustering@waalyelen unsuccessful
[Salton95] [Schweighofer95]. Particular to the DS0060 problem, each DM contains content that describes a
similar domain - some engineering process over a piece of military equipmermatifm retrieval
techniques are most effective over larger document domains where the subject mattendife widely.

Salton suggests that a lower-level analysis of a docusngsmtence structure may be able to further aid

distinction.

Even if DM clustering does improve, there exists the further complk dfactually classifying these
clustered DMs. The allocation of a very specific DMC to a data module would requiredarstanding of
both the surrounding document area and the detailed domain of military equipment. Glemsgrare

non-trivial and are not further investigated as part of this work.

3.4 Extension to Other Domains

The document architecture described in this chapter serves a very restrictetedbdomain - one in
which documents describe a well-defined domain. The previous section described some of émesprobl
facing the on-going development of DS0060. During the feasibility study a number ofpotidéems
became evident, which are also significant to the management of lessersttudbcuments in lesser-
structured domains. These problems may be seen as inputs inteadeektiocument architecture, rather

than problems for the MoD alone.

3.4.1 Change Within the Model

The DS0060 data module code represents the well-defined equipment breakdown and tios® pleah
are possible on that equipment. If the configuration of any piece of militaipragnt changes there is a
corresponding change required to the DMC. This change may be a minor chafaeeXample, a
particular component is swapped for a similar component from a different suideally the change
may be significant, requiring a re-evaluation of a larger part of the DBACrently there is no change
management mechanism built into the DS0060 document architecture. Instead, the éxigista
Support Analysis Record (LSAR) manages the configuration of the DMC; tAR Li§ the repository
which controls the build standard, configuration management and design of the equifimeafore any
change to the product through either amendment or design change will first be moddiled SAR and
the necessary changes to the documentation produced via an automatestviieénbthe LSAR And
CSDB*.

14 Elicited through Paul Clark (LSC Consulting), 28ctober 1997
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The external influence of the LSAR is necessary to retain integrity between milifaipneent and its
associated documentation, but the loose coupling between the document architeciisreanfiguration
manager reduces the effectiveness of the document architecture. Only througbideudit control is the
CSDB able to accurately represent the current equipment configurationsigidity is required within the
mission-critical environment of the MoD, but not conducive to the lestsectured domain of more
general-purpose document management. It would be advantageous to be ablebterstbsgprise change

within the document architecture rather than manage it externally.

3.4.2 Document Classification

The allocation of data module codes to individual data modules is essential for successful sthrage a
retrieval within DS0060, but this allocation is made either manually by expetessroften, automatically
through the LSAR. The problem of assigning the correct DMC is onetbfdoale and accuracy. With nine
million data modules the manual addition of codes is costly and some parts of the DM®jactive to

the expert coding the modules; if a data module is poorly coded it may not be retrieveddprapriate

need. The monolithic nature of the DS0060 classification does not lend itself to localisatibMaibea
particular need, but this cross-enterprise coding scheme is regarded by the MoD aal elgseatgeneral

and dynamic document management within enterprise may not be so well-suited to thei@pmica
rigorous cross-enterprise classification scheme. The next chapter praposdternative model to the

monolithic cross-enterprise coding scheme, in favour of more localised method.

3.4.3 An Emphasis on Output

Due to the bottom-up approach adopted by the DS0060 architecture, littlehedoeen made to date to
develop output specifications at the higher layers of the DS0060 model. An effective oatanism

should be able to combine data modules for a number of specific work purposes, adathdevel of

reuse of component data modules. The DS0060 community currently constructs very simple output views,
listing sets of DMs that are required for a particular task, and thershirgithe appropriate manual. There

is currently a lack of automation at the views layer in constructing manuals ésrastlyet undefined tasks.

A more complex views layer is required to identify rules for DM combinatiom priblications. The next
chapter proposes a more complex output specification that allows views to be aulbneatchined into

more powerful views.

3.4.4 Networked Document Management

The DEF STAN 00-60 document architecture makes no suggestion as {&TBw are to be delivered to
its end-users. The current IETP Viewer (LSC) is a stand-alone software applicaticacteases its
component DMs locally. This is clearly contrary to the distribution of documents requiredcfoss
enterprise document management solution. The DS0060 architecture focuses prodihetion of
publications, providing no recommendation of how these publications are to be distributseécidty
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reasons, the Internet is not a viable medium for military documents, but Internet technologiesucffer
even to closed networks (intranets). As an extension of the DS0060 ideas, this theskesiestri

architecture that delivers documents to its users using a range of currently availablé tettuoologies.

3.4.5 Modular Writing Style

The final identified problem is not a technical one, but one of document authoring. Alti&E060
advocates the authoring of documents imadular format it gives no indication of how this should be

done. Within the MoD product model environment documents are well-defined andddneaks
cognitively assisted by the natural breakdown of associated equipment, but other domains are less
obviously divisible. The literary problems of dividing a text into a modular forneahat addressed in this

thesis, but mechanisms for supporting such a modularisation are described in chapter 4.

3.5 Conclusion

This chapter has described DEF STAN 00-60 - a document architectureedesigaupport a product-
focussed manufacturing environment. It has detailed a feasibility study undertaken &ythbe in
conjunction with LSC, which provided a proof of concept of DS0060 principles and iddnpifitential
performance bottlenecks in the DS0060 recommendations. In order to extend DSO0@Ceprintd more
general and less restricted document domains, section 3.4 outlined some aspects of tlemtdocum
management process that were not directly addressed by the DS0060 recommendatiorsnenarafg
change within the organisation, the problem of scaling document clageifidat the enterprise level,
focussing on the way in which document fragments may be built into a humber oémdiffeiblications

and scaling to the networked multi-user environment.

The DS0060 study provided a technical proof of concept of the ability of SGML to represent both
structured documents and the supporting data structures at the DMH, LOEDMH, Ndd®& TP layers. It

also provided conceptual validation of the core DS0060-dka division of documents into data modules

and subsequent construction of publications from collections of data modules. The subsequent reuse at the
data module layer provides 'store once, use often' functionality that fulfilsn@anuof DS0060 aims:
potentially reducing document production costs, avoiding duplication and increasing integritp\eé thié

document space.

The next chapter presents the Model-driven Reuse Architecture, based on the@@86 Bxghitecture and
extended to support document management and reuse across a diverse arel atapbse.
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4 The Model-driven Reuse Architecture

4.1 Introduction

The previous chapters have described the requirements for an enterprise rtocoamagement
architecture, highlighting the demands that have brought about those requée@ieagiter 2 described a
number of research and commercial projects that provide the background to thesaeqtsir Chapter 3
described one such project in depth - the development of an implementation of the BEFO&B0
(DS0060) architecture - and pointed towards some of the problems that were not solved listitige ex
architecture. The purpose of this chapter is to describe a new documdtecaunch that puts a greater
explicit emphasis on document reuse. The new architecture overcomes mamyeficiencies present in
DS0060 and incorporates change, hypertext mechanisms and explicit support for rdadisomyery and
reuse within the enterprise. Table 4-1 reiterates the demands on enterprise document marielyame
chapter 1 and the high-level response to meet these demands.

Demand Increased variation of products/services
Response Provide explicit support for the construction of a number of views aon the
document store

Response Provide explicit facilities for reuse of existing documents for npogas

Demand Distributed working

Response Provide distributed access to the document store

Demand The cost and limitations of paper

Response Focus on the specific demands of documentation

Demand Changes in working patterns

Response Provide an adaptive environment that is able to reflect otiganasisehange

Demand Long-term storage

Response Provide technology-independent document storage models and methods

Demand Increased desire to manage knowledge within the enterprise
Response Provide a document-model based approach that recognises and manages the
content and structure of the documents stored

Table 4-1: Demands on enterprise document management and high-level responses
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As the architecture described in this chapter has been designedbaitment reuse as a main design goal,
it is useful to provide a re-declaration of the dimensions of reuse. Chapter aisstbthat documents
comprise three components: content, structure and presentation. It furtitifiedevariance in all of the
three layers: customisation of the presentation for a particular neediatiati of the structure to enable
automatic information navigation and extraction, and reuse of the contdmih wibse structures. Levy
describes an encapsulation of reuse as a four-stage process: creation, coltstibmation and
customisation. The method by which new document content is created hasmpéeations on its
potential for reuse, and is discussed in chapter 5. The purpdssarfhitecture described in this chapter is

to support the remaining three parts of the process:

Collection To assist the user in finding document content of relevance to the
current need, by providing improved access to documents across the

enterprise.

Combination To assist the creation of the target document structure, by providing an
awareness of the structure models of both the collected and target

documents.

Customisation To apply one of a number of presentation schemes automatically, by
providing a level of separation between the document content and its
presentation.

This thesis recognises that document reuse currently takes place ingidesations today, but claims that
reuse is often undertaken in an ad-hoc fashion. A user may know likely sourcefubinieemation, or
may be able to use current retrieval techniques to identify candidate cesolihe combination and
customisation of those resources is, however, likely to be infopimopied and pasted through the operating
systens general-purpose buffers and then reformatted for the current need. The ar@hitethis thesis
attempts to formalise these procedures and integrate the reuse process withituthenlananagement
mechanism. The architecture is referred to as the Model-driven Reuse Architecturasising reuse. The
overall aim is to improve document discovery and facilitate reuse of discovecedhdots for a new
purpose. Users are encouraged to reuse existing materials through effectiventodisecovery and reuse

mechanisms.

The first stage of the design was to capture the user requirements. These weesl Gapt evaluated using
a scenario-based approach. Four realistic scenarios have been devised - one dsdendbd ILS

environment and three from the domain of learning in higher education. They are:
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* An engineer performing a change procedure within the DS0060 environment
« An academic validating and producing resources
e Atutor assembling resources for a specific course

« A student following a pre-defined course

To better understand the requirements from the four identified scenariasparteon was made with the

current VSP resource room provision for the four identified scenarios (seensé@il).

The MRA is based on the Business Object Framework Architecture, whichdsxtesm more traditional
storage/application/presentation three-layer model into a five-layer architefigune (4-1, described in
[Schmid98]). Schmid divides the traditional storage layer into a data stossgealad a data abstraction

layer, suggesting that a business application should not be concerned with the storage and retrieval of its
underlying data. The data abstraction layer isolates the storage mechanism of the undetdying da
analogous to the Data Module Header (DMH) layer in the DS0060 architestimaid further suggests a
separation of the application layer into a business process layer and an undediiegdantity layer. The
business entity layer provides a business context wrapper around the underlying data, aisthéss b
process layer performs operations on those business entities. Schmid argues that the busjriagsrenti
embodies business rules that are common to and used in different business functions, but which are not
embodied in the lower data storage layer. The separation of data from its storage, sephthton of
business information from business process make the five-layer Busibgss ©ramework a suitable

starting point for the Model-driven Reuse Architecture.

Presentation Presentation

v v

Business process

Application v

Business entity

v v

Data abstraction

Storage v

Data storage

The traditional 3 layer The 5 layer Business Object
architecture Framework architecture

Figure 4-1: The Business Object Framework Architecture
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4.2 User Scenarios and Requirements

The case study described in chapter 3 provided one example of document reuse tlerogglofta single
document in multiple technical publications. The limited motivation of DS0060, however, teesic
possibilities for reuse. The DS0060 architecture provides a mearstote once, use oftenthe
opportunities for reuse are well defined and manually added to the system. As swehidbks the
valuable mechanism of dynamic resource discovery as an enabler for reuse. DS@080efkcludes

explicit support for change within the enterprise: change which is inevitable durindethele of the

military equipment it serves, brought about by advances in technology and changes to the equipment

supply chain.

In order to extend the ILS ideas two domains are considered to determine requiremdeetslaate an
implementation of MRA. These are (i) an extended ILS scenario that incorpetaage, and (ii) a
document management problem within the domain of learning support in higher education. Thelextende
ILS scenario makes explicit the inevitable change that an enterprisegaadaluring the lifespan of the
information and products it manages. The domain of higher education has bewddelethree reasons.

First, there are identified requirements to support increasingly diverse armh@éssd course materials

that correspond to an individigllearning needs. Second, the domain of higher education is of a very
different nature to the product-based domain of military documentation, adding contrast to the stddy. Thir
the domain of higher education is local to the aushaorking environment: both human and material
resources are readily available. This section describes the two domaingmtiftesla number of scenarios

within each domain.

4.2.1 An Extension of DS0060 to Facilitate Change

When data modules are authored within the current DS0060 environment they are coded with a
appropriate DMC, allocated a set of status data and stored in the Common Source aBba&je At

retrieval time a collection of DMs is extracted according to some pre-defined rules, built into a publication
and delivered to the user; the whole process is managed through the DS0060 architbtsae Stored
according to the DMC and retrieved according to some function (or list) eetBMCs for a work-
focussed purpose. The output purpose is encoded at the views layer of the DS0060 model (figure 3-3 in the

previous chapter), providing a mapping from storage (input) model to publidautput) model.

The existing DS0060 architecture relies on the external Logistic Support ARlgsord (LSAR) for its
configuration management (see section 3.4.1). It is apparent that in order to absorb thepoiarsse
internally the architecture must be able to support change to both the DM@ dagler and to all
subsequently affected output specifications. Assuming that change control is not mahemed\eto the

architecture, a typical change scenario is described:
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User scenario 1

A set of coded documents has been collected in the common source database (CSDB) and et of out
specifications has been derived for a variety of purposes. Tim is an engineer responsible for replacing one
brand of cooling fan with another that has different maintenance procedures. Tim analyses the current data
module code (DMC) schema, removes the elements associated with the older cooling fan and adds ne
elements for the newer fan. All documents associated with the new cooling fan are added ©@Bhe CS
coded with an appropriate DMC. Tim then needs to find out which publications this change had,aftecte
asks the system to highlight all publications that reference the old cooling fan. For each of these affected

publications Tim adjusts all references to point at the documents he has just added.

This scenario highlights the need to reconfigure the document classifisatieme during system run-time
and the knock-on effects within the architecture. Since this scenario diffardsffeoDS0060 architecture in
only the change management process, the scenario demonstrates how the DSO@&Gueechity be
implemented within the MRA. The scenario uses only a small part of the new arckitgcposed in this
chapter due to the limited focus of DS0060. It is clear that the requirementdiédeatid resolved by
DS0060 are limited by the need to provide a working methodology for controlled docstomge and
retrieval. DS0060 contains no notion of data module or publication ownership, and all data racelofes

an identical type. The DS0060 architectsirtocus on DMs as black-box objects further precludes the
application of document techniques to the document store. For these reasons this thesis identfids a sec
problem domain that further develops issues of a similar nature but which is not limited kgidts ri

industrial positioning.

4.2.2 Supporting Learning in Higher Education

The research and commercial literature recognises the need to provide more flexibiey tewatels than
traditional university practices currently allow. Current widespreadtpre in curriculum design is based
on defining a set of courses. A course is traditionally a packaging of subject mégted afidivisibly to
students over one or two semesters through a series of lectures and assessed through assigfimants a
examinations [Zarhan94]. It is a common belief ([Rowett98], [Zarhan94], [Lotus98]) thanthersity
model of teaching cannot scale to the needs of lifelong learning and increasingly diverse needs of the
student or professional customer. [Zarhan94] argues that the role of some tutors vg# &loam that of
imparting knowledge to that of facilitating the learning of the studéstlearning facilitators, academics
will increasingly spend their time helping students, individually or in groups, to develop andesttesir
learning programmes. Each learning programme may be abstracted as a limited view on & c@hpfe
learning resources held within the document store. This view is trbiyethe learning objectives and the
tutors judgement as to what is appropriate to serve those objectives. Information teclisodogyded as
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a potentially useful tool for assisting the tutor in providing such a set of restricted aiedvir reducing

costs in course material production and distribution.

[Mendes97] explains how education is concerned with transmitting information in such a wdlothait a

the learner to construct a mental model of the information given; itpsrtent to provide learners with
information within a context. [Whalley93] warns that hypermedia were pooposefully designed for
education’One of the great strengths of hypertext, but also a potential source of weakness, is that it is
essentially a formless mediunhalley claims that a direct consequence of the fragmentation effect in
hypertext is that it is likely to make it more difficult for a learner to perceigaaththos intended argument
structure, unless certain linearity constraints are imposed on g&teyt form. This thesis argues that
providing a layer of mediation between the document store and the student, providet theougo's
experience and judgement, adds a form of purpose to the foomdess mediumof a large document

store.

The particular needs of supported learning in higher education aesfls the accurate collection of a set
of candidate learning resources and the selection of a subset of theseagdousatisfy a particular
learning demand. The need to collect resources of a common natureeigtlguisupported by a number of
efforts. [Gehringer98] describes an attempt to collect together course nsaveriglaching Object-Oriented
methods. Steve Beaty from the Metropolitan State College of Denver has developeithm lisinmof
materials covering a range of computing-related colitsEsese efforts provide a list of discovered course
materials and attempt to classify them into broad categories (learning level and atdg¢cbut provide
little indication on how these materials may be used. The Instructionalgdiareat Systems (IMS) project
[IMS99] attempts to specify a more rigid classification structure for learning imatéhrough a set of
meta-data schemas. IMS work is still in its early stages, however, and monmmeadations have yet been
made regarding further processing of the coded resources.

The use of documentation in supporting learning in higher education is very different to thatthéthi

MoD, but its management has similar characteristics:

« There is a desire to move away from paper-based resources towards electronic etmesent
of those resources

« There exists a variety of end-users with differing requirements from such doctiorenta

e There is a need, at least from an overall management perspective, to provitegeated

environment in which the organisational memory can be stored, retrievedwsatir

15 http://lamar.colostate.edu/~beaty/ (Last verified 8th March 2000)
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« There is a need to restrict the boundsgpertextto the end user to avoid confusion and to
retain focus

» There is a constant need to reduce document preparation and distribution costs.

The domain of learning is less rigidly structured and more progressive than theyndiditaain, requiring
fewer security considerations and encouraging cooperation and openness. The learning dosfiaia the
permits, and would hopefully encourage, the use of hypertext mechanisms within its discumalso
highlights the issue of document ownership, whereby value may be added by assocestingee with its
author or owner; the ownership of documents within the DS0060 recommendations is mostly didregarde
The provision of increasingly varied delivery of educational courses calls foetke (or re-purposing) of
course material, which universities regard as their intellectual pgyopEhe scenarios created in this
section identify a number of roles performed within the domain of incrglgsitiverse educational course
provision. These roles exemplify the more general roles of information prouid@mation mediator and
information user that exist in many modern information systems, signifying the applicatiesutting
methods to other user domains. Figure 4-2 shows the process of producing a diverse cangesf and
identifies three roles: an academic producing resources, a course tutor constructing a course and a student

undertaking that course. Each of the three roles is explained in the three scenafadotha

may supply may supply
recommendations feedback
. directly to about
Academic Y Student
stores and )
retrieves resources delivers work-focussed
according to resources to
Academic’s work-purpose Tutor Student's work-
resource rooms purpose resource room
A \ v v /V A
) . provide .
provides access provide ) : tent provides access
to resources insight Tutor's mappings cor:oen to resources
classified by for classified by

is referenced to
find candidate
resources for

Resource Store

Figure 4-2: Supporting the Document Process for the Learning Domain

User scenario 2 — An academic validating and producing resources

As an academic, Paul produces resources for a particular reaseither a taught course or a non-
teaching reason. As a resource provider he has a new resource that he would like to store and later access
for maybe more than the current purpose. Paul stores the resource in his own workspace (resource room),
which may or may not reflect his currently perceived usage of that resource. He may add keywords or a
short description of the resource, and can access the resource from any web browser. Paul knows that this
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resource is useful to a course that he is running, so makes it part of that course by pointing to it from the

resource room for that course.

Mid-year Paul decides that his personal classification scheme needs updating or refining. He would like all
knock-on effects to be changed automatically. He also wants to know how often his resource haa been see
and by whom, whether anyone has expressed an interest in his resource or any of his folders, and where
else within the system his resource is being used. This information allows Paul to evaluate wieether i
worthwhile keeping it up-to-date. Paul would like control overrkesource, even though others may use it.

Out of interest, Paul views what else has been viewed by the people who have seen his aesdimds,

a document of interest from the resulting list.

User scenario 3 - Tutor assembling resources for a specific course

As a tutor you are in charge of a module callddivanced Computer Graphicand a course called
'‘Business Information SystemBirst you would like to put together a set of learning resources for the
graphics module from resources already available. You want to put together a set of matégalsrad

shading, and so perform a search across the keywords of all the available documents. A list of relevant
documents is displayed, and can be browsed for suitability. You copy a number of the candidate resources
to your workspace for later reworking. You see that Phil Smith has authored a number of these resources
and view the part of his resource room that these are stored in. After browsirggdRiskification you find

another two resources that are of use to your current need and copy them to your workspace. 36&u also

a folder within his resource room that may be of use to a future need and bookmark that folder for later

inspection. You view Pl8lpersonal details and contact him by email to ask for further assistance.

You want to include some materials on modern CAD/CAM methods, and know the name of an expert within
the University- Chris Taylor. You search through the organisation for his name and find that there are two
Chris Taylors, one belonging to the School of History and one belonging to the School of Mechanical
Engineering. You search through the documents owned by the School of Mechanical Engineering and find
another two resources that Chris Taylor has written that may be of use, and you copy these to your

workspace.

You realise you have not yet discovered any resources about a particular transform that you would like to
provide. There are no resulting documents from a keyword search, soeyimunp a more in-depth

document search, discovering a single relevant resource. This resource is classified under two resource
rooms— "Tom Daly's Resource Room : Graphics Algorithms' and 'School of Computer Studies : Theory of
Graphics'. Upon inspection of the 'Theory of Graphics' folder you decide that all the resources therein may

be of interest to the course you are running, and create a pointer to that classification folder.
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You return to your workspace and decide a structure for the resources you have collected. Yolkevould li
to make a static copy of some of the resources and retain a live link to others. You apply an ordering to the
collected resources, generate the resulting resource, apply your presentation rules and place it in the

classification'Advanced Computer Graphics : Lectures

Once you have constructed the Advanced Computer Graphics module, you would like to add it to the
overall Business Information Systems (BIS) course. From the BIS resource room, you righye t the
Advanced Computer Graphics module, including all resources from the single module within the overall
course resource room. You locate all the resource rooms owned by the School of Computer Studies and,
after contacting the owners of three of the modules, you include those modules within your BIS course

reading room.

This scenario moves away from a one-course-one-tutor principle towards a tutor-mediéeteld The
extended scenario highlights a number of features of the proposed architestareh of the
document/metadata space, navigation of the document model, registodtioterests, navigation of
organisational models, reuse and re-purposing of resources. The reuse of existirdsneaig@pplication
of new presentation rules highlights the ability to repackage resources for a mp@seur

User scenario 4 - A student following a pre-defined course

As a student Maria has agreed to undertake a particular course (Business Information Systemis) which
delivered on-line. Maria tutor has approved the particular course she is undertaking and her resource
room has been prepared containing a number of modules and a personal working space. Maria is allowed
to navigate around her resource room according to its hierarchical structure. There are occasional
hyperlinks to other materials elsewhere. These links may have been applied by the original resource
author, the tutor or another student - Maria chooses only to follow links that her tutor has added to the
resource room. Maria also sees that other students have annotated the learning materials with points of
clarification, and she views those annotations as she progresses. She chooses to add her own annotation to
one of the documents and contact one of the students who has made an annotation to the same document.
Maria also finds a web site that she thinks may be useful to others on her course, so places it in her work

space with a description and creates a link from one of the existing resources to the web address.

This scenario highlights the end-user perspective, which provides a vighe aesources collected and
structured in scenarios 2 and 3. It introduces the use of hypertext approacheassannotation and

hyperlinking
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4.2.3 VSP Resource Room Provision for Scenarios

VSP resource rooms, described in chapter 2, provide a suitable basis from which to evaluate an MRA

implementation, for a number of reasons:

» It is representative of the current class of information management sslutiah allow
distributed access to document resources. Another example of such a SYBEDWS

» It supports the provision of information to a particular domain or organisation and its
members, rather than providing a general-purpose user-unaware solution such as those

proposed by Autonomy and Excalibur.

e The structure of VSP resource rooms represents an organisational purpose for thenti®cu
stored within that structure through its resource rooms. The exisstirce room structure
provides a classification scheme that the MRA can extend. Other architectures such as
Microcosm do not provide such a tight binding with work purpose.

e Its architecture is Internet-driven, rather than Internet-enabled. Some docuareagement
products such as Lotus Notes provide only a subset of their total functionality through a web

interface.
« Its designers and users are available locally, facilitating design feedbdavaluation

The original VSP resource rooms were not explicitly designed to support scenarios thadeatescribed
earlier in this section. It is useful, however, to assess how the VSP would best managsbldraspr
highlighted in the scenarios to enable evaluation of the MRA. This sast@mbrief statement of which
parts of the scenarios would be currently possible by using VSP resource rooms, andauftichott The

current VSP resource room entity-relationship information model is shoviguiref4-3, using the IDEF1X

notatiort®.

Version Resource Room

Relationship Key

—# Oneto 0, 1 or more

—'"# One to 1 or more

Folder <----#0neto 0,1 or more
(non-identifying)

contains

Resource

are stored in

contains J

Figure 4-3: VSP Resource Room Information Model

16 A description of the IDEF1X notation lies outside the scope of this thesis, but moreatitar can be
found at IDEF web site at http://www.idef.com/overviews/idef1x.htm (Last eeriith March 2000)
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User Scenario 1 - An extension of DS0060 to facilitate change

The VSP would find the whole DS0060 architecture difficult to implement with its currenteichie.
DSO0060 relies heavily on the different views available over the complete documentAdtbough the

VSP would be able to store the data modules according to the DMC scheme, mapping from input to output
schemas would prove difficult due to the lack of inter resource room support. The checegsmrescribed

in scenario 1 could not be fully supported because there is no means of managing the multiple

classifications associated with a particular document.

User Scenario 2 - An academic validating and producing resources

Current VSP resource rooms would enable Paul to add new resources (anatessneta-data) into his
resource room, but would not be able to support the multiple classification of the resource lsboth
resource room and the cousseesource room. Also Paul would not be able to find out who had registered

an interest in a particular resource, nor be able to restructure his resource room.

User scenario 3 - Tutor assembling resources for a specific course

Although the VSP could support the creation of a resource room for a particular courseysbeof
existing VSP resources within that room would be very difficult using the curreimtecture. A keyword
search is possible, but a full-text search through documents iTh®turrent resource room architecture
does not support an association between a resswathor and the corresponding name within the VSP
tenancy, so as a tutor you would not be able to find out who the dBttibEmitH was. The VSP does
support the registration of interests in a particular resource room folder.

The most effective way you could find work by Chris Taylor in the VSP is by finding hissdatad
checking his official publications. The list of publications is, howewaconnected to the resource rooms.
The current resource rooms provide only a space for storage and retrieeglofig€hts, so it contains no
mechanisms for resource reuse. There is no inherent separation of domgntait, structure and

presentation, so reuse is harder to automate.

User scenario 4 - A student following a pre-defined course.

The VSP can provide a course-specific resource room, which Maria would be abledainsertake her
course. Maria would not, however, be able to distinguish between hyperlinks added by Heortutorks

added by other students or other users of the system. Neither is annotation supported in the d@rrent VS

implementation
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4.2.4 Resource Rooms Shortfalls

The scenarios highlight a number of shortfalls of the current resource room implementatienofSthe
shortfalls may be resolved by increasing functionality over the current arcintetore fundamentally,

other shortfalls highlight architectural omissions in the VSBugs room architecture. These are:

* Within the VSP resource rooms, each resource is connected tightly with the folder it was
originally stored in, tying the document to its original purpose. Support for pointing to a
single resource from a number of resource room classifications is possible, butlgurrent
disabled due to the complexity of the process to the end-user. The nature of the mesarce
information model, however, hinders large-scale re-purposing ofndects because of the

tight binding of a document to a specific (primary) resource room folder.

e The VSP currently supports the addition of lightweight hyperlinks between oesoand the
registration of interests in a particular resource or folder. HoweverV®P provides no
architectural support for hypertext approaches such as document history typéd,
hyperlinks and annotations. These are fundamental omissions from the curréetanch

« The VSP resource room architecture does not provide a document-model based approach.
Beyond the meta-data that the document owner must supply at document check-in, reading
room resources are considered as Binary Large Objects (BLOBSs). There istinotidis
between a resoursecontent, structure and presentation. It is therefore difficult tonpte
reuse of the document resources for more than their original purposes.

* There is no direct link between the resources held within the VSP and thenfé&Raition
directory. It is impossible, therefore, to locate information about a docisnaerhor except
through a disconnected text search across the information space. This connection is essential

to facilitate collaboration once a document of interest is found.

It is the intention of the Model-driven Reuse Architecture to provide a document emagigigmodel that

retains many of the resource room facilities but provides an architectarexiieitly supports multiple

classification of resources, associations between documents and their authors/owners, hypertext methods

and reuse of existing documents.

4.3 MRA Models

Traditional management information system (IS) developments follovitwase lifecycle that considers

the domain to be supported at the requirements collection stage. Subsequent ckangesparated into a
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feedback cycle, which revises the requirements and changes the designed architectdieglcd®
support is often independent of other systems, creating a series of stand-alone productmtegkatipn
[Amor97]. The model-driven approach described in this thesis differs in that it provides a domain-
independent architecture inside which domain-specific models are placezhte an implementation for a
particular purpose. The domain-specific models represent the business models of an estpitise, to
current and changing needs within the enterprise. A change in businedsepimatepresented as an
adaptation of implementation models rather than a change in the araleiieslf. The MRA contains two

sets of models which enable an MRA implementation:

« aset ofenterprise-specific business modelhat classify the entities and processes which the

documents service within the enterprise

e a domain-independent information model that describes the entities and relationships

within the document architecture.

4.3.1 Enterprise-Specific Models

The enterprise-specific modelbsiness modé€)sprovide a representation of the enterprise inside which

an MRA implementation is created. The MRA recommends three different types ofdsusiodel:

» Classification models which provide a number of work-focussed views on the document
store. A single classification model may resemble a traditional fietstre or may be more
complex, providing differing views on the same information. A singlesiflaation model is

analogous to a VSP resource room structure.

« Organisational models which provide a view of the organisation within which documents
are managed. Organisational models provide a description of the people within an
organisation and the parts of the organisation to which they belong. An MRA orgarsbkation
model for the University of Leeds, for example, provides the structutieeof)niversity and
its schools, and information about the people within those schools.

« Document models which provide the structure of the document types used within an
organisation. A document type may be as simple as an office memorandum, or may be more
complex— a DEF STAN 00-60 IETP, for example. By making explicit the form of the
document and providing a structure model of that form, the MRA is able to manipulate a

document's content, structure and presentation aspects.
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Oneof the key ideas within the MRA is the association of a particular docum#npuiits of the

MRA business models that best describe its purpose and position within the enterprise. The
document at the centre of figure 4-4 is shown to be of a particular document type, betong to
particular part of an organisation and be classified according to somefpartlassification
scheme. The overall classification of that document describes not only the subject area or purpose
of the document, but also the person and organisational element to which it belongs, and its
document type. An extension of this key idea is of further significance - the abilityltiply-

classify a document. A multiply-classified document retains only one documentitygpene

owner/author, but may have a number of different classifications.

Organisational model Classification model

Document model

Figure 4-4: MRA Business Models

The user scenario described above will be used to illustrate the business models. First, STANEID-

60 domain provides a number of classification models against which its resoursemedeand retrieved -

a single’input model and a number &utput models. The input model is the classification according to
which all data modules are primarily attached, specified by the data moduléDddd@ schema. Figure

4-5 shows a small sample of the DMC scheme. It comprises two hierarchical dedcamgoene of the
equipment used within the MoD and the second of the functions that can be performed on such equipment.
The DMC identifies the piece of equipment described and the procedure oretleabpequipment. As an
example, the data module at the foot of the figure 4-5 is identified aslieg the locking procedures on

the nuclear propulsion of a naval ship.
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All Equipment

__— | - —
‘ Functional ‘ ‘ Operation ‘ Servicing ‘ ‘ Examination ‘ ‘ Assembly ‘ etc.

‘ Assemble ‘ ‘ Install ‘ ‘ Connect ‘ ‘ Close after access ‘ etc.

‘ Tighten procedures ‘ | Lock procedures |

Data Module Code

CHALLENGR2 AAABBB D K1100501 AA253BC

‘Propulsion nuclear’ ‘Lock procedures’

Figure 4-5: The Classification of a DEF STAN 00-60 Data Module

In contrast to the extensive input model, each output model within DS0060 represents the structure of a
single technical manual that is published for specific purposes. Figure 4-6 shows a typical publication
structure, which resembles a traditional book-like structure. If the data moduld todigure 4-6 is
deemed to be useful to th€heck structuresub-section of théMonthly maintenancesection of the
publication, a connection is made between the data medi4C and théCheck structureslement of the
publication (output) classification model. The DM may be of use elsewhere in the same publication or in

other publications: this is the essence ofthesémade possible using DS0060.

tem maintenance manual l

<

l Ship propulsio

~

__— _ N T
Introduction l lDain maimenancel l Monthly maintenance l l Annual maintenance l

_——

l Checkfrlr.;;;r l l Checkglarms l |Cr;;;l;structure|

Data Module Code

l CHALLENGR2 AAABBBD K1100501AA253BC

‘Propuggn nuclear’ ‘Lock pro?erdures’

Figure 4-6 - Document Module use within a Publication
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Whereas the classification models prescribed by DS0060 are extensive and ¢dhplesork-based
models for the supported learning in higher education scenario are typically much smatleiFsaal
example classification models are shown in figure 4-7 - one for an individual acaderaource room,
and one to support a single taught course module. It is apparent that a resource arat$ iResource
Room : Microcosrhmay be useful t&VWE Module : Microcosm If a resource from Dal® Resource
Room is found to be of use, it is further classified with a code represésiiifie) Module : Microcosm A

single resource is now being referenced from two resource rooms - it has efjdotierlre-purposed.

Person-Centred Hypertext Useful papers

Approaches

Document
Standards

Enterprise
Modelling

Commercial
Products

Research
Projects
— [ ~—

Rhetoric etc.

| Microcosm | ‘ Hyper-G ‘ ‘ Notecards ‘ etc.

‘ Virtual Working Environments (VWE) Module ‘

VWE
Requirements

Emerging

Collaborative
Working Examples

Figure 4-7: Two Classification Models within the Learning Domain

Systems
view

Human-Computer
Interaction

Classification models describe only one part of the overall model-dnizeme of the MRA. Organisational
models may also be constructed, representing the structure of the organidetionwliich the MRA
implementation is to be used. A typical organisational model is shown in figure 4-8, showing the
hierarchical decomposition of the University of Leeds. At the lowest &Evisle model are the people who
belong to a particular part of the organisation.

Lastly, a representation of the document types within the organisation permit the manipulatiamoértoc
structure and content. The representation of document models is @ssentieffective document

manipulation and reuse. The form of these document models is described in the next chapter

/

‘ Facult of Arts ‘ ‘ Faculty of Engineering ‘ ‘ Earth and Environment ‘ etc.

‘ School of Civil Engineering H School of Computer Studies ‘ etc.

‘ Artificial Intelligence H ORIS ‘ ‘ Virtual Working Environments ‘ etc.
—

_— | —
‘ Maria Thomas H Paul Smith ‘ ‘ Phil Jones ‘

Figure 4-8: Part of the Organisational Model for the University of Leeds
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4.3.2 The MRA Information Model

Annotation Document type Hyperlink

is annotated by f 1
’M contains /

Resource points to

is expressed in

Classification

classifies /
is classified by

contains 1

is owned by owns /
is owned by View History
is made up of
User builds up /
is built up by
has /
is held by
owns ! is a member of / ] )
is owned by has a membership of Relationship Key
—# One to 0, 1 or more Interest
Organisation —# One to exactly 1
*+——= Many to many

<----8 Oneto 0,1 or more

is expressed in

Figure 4-9: The MRA Information Model

The business models described in the previous section provide a domain-specific repressntaéon
working practices and structures of an organisation, which may charige anterprise develops and finds
new ways of working. The underlying MRA information model, however, remains conptamiding a
consistent means of navigating the enterprise-wide resource environthenMRA information model,
represented in the IDEF1X notation in figure 4-9, describes the relationships between domjewtsaf
the domain-specific business models and other document entitigperlinks, annotations and history
trails. Notably, a resource may contain any number of sub-resources, eahftlofmay possess its own
classification, document type, view history, etc. Each of the entitiegrshothe E-R diagram is a first-
order object with its own attributes and its own internal navigable structure. Aithbhadgusiness models
are sensitive to change within the organisation, the information model taattlus business models
remains unchanged, providing a stable means of navigation thrioeiglotument space.

The information model captures aspects of modern hypertext and information systentewitin to use

these aspects (hyperlinks, bridges, annotations, history trails, personal interests) to both assetdoc
discovery and add value to the resources in the work-focussed environment. Although the MRA
information model need not change in response to changes within the enterpriseteih$ibbx able to
absorb new methods of information retrieval and hypertext support as they arise. tliree afathe
architecture design is such that new methods can be added and utilised without the aléedthe

resources that are currently stored.
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4.4 Description of the MRA

This section describes the Model-driven Reuse Architecture that provides improeegrisatdocument

management and discovery, and a number of reuse mechanisms at a numie¢s.of lev

4.4.1 Overview

The high level requirements for the Model-driven Reuse Architecture are:

e To support the association of documents with their work-based purposeacross an
enterprise by supporting a number of localised classification schemes and by associating
documents with their owner and organisation.

e To support existing best-practice document management techniqudas improve
document discovery and collaboration

e To provide mechanisms to support changevithin the document classification and across
the enterprise

» To facilitate reuse of documents through:

- Low coupling of documents and their classification, supporting multiple
classifications of the same document

- More effective support for document discovery

- Open representation of document resources, facilitating document combination and

customisation.

Figure 4-10 shows a high-level framework architecture that services thggstetel requirements. Based
around the five-layer architecture for business object framework described hmip®8], its main

components are:

« A document objectstore that stores documents as authored

e A document abstractionlayer that separates the physical location of the document from its
identification and stores meta-data about the document itself.

* A document classificationlayer that models the domain within which documents are stored
and used.

* A collection ofdocument serviceghat navigate and manipulate the business models and the
documents within the document object store

« A user interaction layer that provides input from the user and presents resulting documents

to that user.
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Input and Presentation

v

Document Services

v

Document Classification

v v

Document Abstraction

v v

Document Objects

Figure 4-10: The MRA Framework Architecture

The connecting lines between the framework components represent the wayhrhighir layers provide
functionality or abstraction over the lower layers. The value of sibstraction is explained as the rest of

this section describes the form and purpose of each of the five ldybessMRA framework architecture.

Document Objects

The lowest level of the architecture is the distributed document objegtge@ that holds all documents

in their original authored format, encoded in an open mark-up &geylEach document is stored on any
networked storage that can be uniquely addressed and accessedhacepgsrprise. Figure 4-11 provides

an example implementation of the DO layer. There is no awareness of any docunpese patr the
document object layer, nor any connection between any two document objects. Document objects do,

however, have a recognisable structure that may be navigated and, Usghldn layers.

_---7= structured documents  =s---_
PR / N

-
-
/

// \ \\

yY—vVv v——%¢
PRI PRI
o o o O o o o O
oo | oo oo | o
- U U - U U7
D1 D2 D3 D1 D2 D3
School of Computer Studies School of Geography

File Server File Server

Figure 4-11: The Document Object Layer Implemented Over Two Servers

The DO layer notably allows the distribution of the document store across the organisation. The advantage
of such a distributed system is the retention of local control ovemulertis while providing global access
across the enterprise. In figure 4-11, although the documents stored within the twovéls $ave the

same file names (D1, D2 and D3), a namespace mechanism permits their unique identidmaiss the
enterprise. Document D1 on the School of Computer Studies file server is refereremallyxby the

storage identifierfSchool of Computer Studies : DBy using such a mechanism the document owner
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retains ownership and responsibility over local file naming, while being able to supply its resotwce
distributed environment. The open storage of documents at the DO lapeotps the ability to search the
document and to provide further manipulation of document content and structure eatlhighis of the
architecture. The DO abstraction upholds the MRA as a document-model bpsegtchpand is critical to

successful resource reuse.

Document Abstraction

The document abstraction (DA) layer provides two types of abstraction:

» the separation of document and system meta-data from the documents they describe
» the separation of the physical location of the document from the way in which it iseddr
in higher layers.

The DA layer provides a number of different types of meta-data associate witcument at the DO
layer. Document meta-data are added either manually or automatically when a docuirgradsled to
the document object store. Some meta-data, such as the dosuavemer, are implied from the user
information of the person adding the document to the document store. Additional systendata,
referring to external entities that relate to the document in somearaygdded at system run-time. The
MRA provides facilities for the additional storage of hyperlinks, annotations and interesta tager,
separating such information from the documents themselves. The MRA regardikgparinotations and
interests as first-order objects, attributed with their own meta-data (creator ahadal#tat they may be
selectively applied to the documents they are logically attached to. Theifudl meta-data elements are

supported for each document in the document object store.

Document meta-data added manually when a document is added at the DO layer

e Title, Description, Keywords, Author

Document meta-data added automatically when a document is add at the DO layer

* Version, Timestamp, Owner

System meta-data added automatically at run time by the document services
* List of 'hits, updated each time a document is viewed
» List of interested users, updated each time a user expresses an interest in the document
« List of annotations, updated each time an annotation is created for the document

» List of links, updated each time a link is created to or from the document
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Further to the addition of meta-data, the DA layer also provides a pointhe tstorage location of the
associated document, providing a layer of abstraction between the actagédtmation and the identifier
by which all higher layers refer to that document. The storage locat&gynchange over time as storage
methods and media improve in performance or cost [Reagan95], but the internalidgstifier remains
unchanged. The MRA provides this layer of separation at the per-resource lievielateng the need to
align the physical file structure with the semantic classification strei@tuany way. Figure 4-12 shows an

example implementation of the document abstraction layer, which isingpited on an MRA server.

MRA Server
DOCU rn.ent META META META Document Title' META META META
Abstraction DATA DATA paTa | Keywords, Links, | pata DATA DATA
Layer Hits, Owner, etc.

\ 4 \ 4 A4 A4 A4 A4

Document |ﬁ;|ﬁ| |ﬁ;|ﬁ| |ﬁ| |ﬁI;|F| |ﬁI;|F| ||
Object I'_“I/IJ_'I I'_“I/IJ_'I ﬁ ﬁ ﬁ

Layer 7 U _ U U7

D1 D2 D3 D1 D2 D3
School of Computer Studies School of Geography

File Server File Server

Figure 4-12: An Example Document Abstraction Layer Implementation

A number of different projects described in chapter 2 highlighted the valsterafig and retrieving meta-
data in order to store information about the document that may or may not be expressly protiged i
document itself. In some systems (e.g. Lotus Notes, VSP) the extractedatetire the lowest level of
searchable document-related data. In others (e.g. WWW) meta-data represamptiasis or focus of the
document that may not be discernible by a full-text search. The DA layer additionally gravidger of
separation between document content and its associated hyperlinks and annotations. Thisnsispara
regarded by the hypertext community as advantageous, and implemented ibea nfigurrent hypertext
systems (e.g. Microcosm, Hyper-G). The separate storage of typed hyperlinksatatians permits their
selective application at run-time, providing a restriction on the hypertext cajesbifitequired.

The storage of a documénview history at the DA layer serves a number of purposes. It not only provides
feedback to a documeéntowner, but the analysis of such trails has proved successful iffyioentisers
with common interests for potential collaboration (e.g. the MEMOIR project [DeB8]rd-urthermore,
individual users may view their own document trail to return to doctsredready viewee this provides

similar functionality to that provided by current web browsers.
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Document Classification

The document classification (DC) layer is key to the MRA architecture, pngval representation of the
business models described in section 4.3.1, and associates the documents with these models. The
association between a document and the business models describes not only the work-focussed purposes of
the document, but also its owning organisational element and person. At its simplest, the document
classification layer provides a single model by which all documentseinidoument store are classified,

stored and retrieved. Alternatively, and more powerfully, the DC laysrstore

« as manylassification modelsas are deemed useful to the organisation
e any number obrganisational modelsand their members

« any number oflocument models each of which represents a particular document type

The MRA classification layer does not assert any necessary dimensions to &themther of business
models or the nature of each of the models. Each business model is an attagskip (E-R) model that
describes the enterprise entities that are captured within that view. BHachdgel may capture a different
view of the same enterprise, or different parts of the same enterprise feosartte view. Figure 4-13
provides an example of the document classification layer, providing a single documentwaith

classifications within the MRA business models.

Classification models Organisational models Document models \
Document
Classification
Layer 7y <
/
X
, >
7 (7]
————— @
== <
————————————————— o)
s
Document Document Title
. META META META . META META META
Abstraction DATA DATA pata | Keywords, Links, [ pata DATA DATA
Layer Hits, Owner, etc. _/

Figure 4-13: A Multiply Classified Document at the MRA Document Clasdication Layer

The DC layer attaches documents to nodes within the constrided®models and provides access to those
documents by subsequent navigation of the E-R models. A multiply classified dogsisiemply attached

to two or more distinct parts of the classification models at the DC layer.

The classification of a document within the MRA implicitly adds meta-ttett describe the documént

work-focussed purposes or roles. These meta-data are added as a side effeet pEearsing routine
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operations over the document store, requiring no additional user input. The meta-data are able to assist in
the discovery of a document by its classification rather than by its coiit@stis a novel idea that adds

value to the document discovery process, with no additional user intervention.

The MRA document classification layer is able to support a wide range of classificatitaismbut some
current projects advocate the use of a single unified classification structure.eBtengrise modelling
efforts, discussed in chapter 6, recommend a single thoroughly consideeegrieatwide classification
that encompasses all elements of the enterprise in a single model. There are, howevereraohumb
problems with a unified model approach, identified in chapter 2. There exéstmo#sibility that an ill-
conceived cross-enterprise model may not effectively serve any single auyb-gff people within that
enterprise. Unified enterprise models are non-trivial to construct and are not suitgthimic and virtual
enterprises. Although DS0060 seemingly advocates a single classification - the DM@ -s&a@im of the
IETP output specifications is a model in itself and in the MRA would be located at they®C la

One of the key ideas to cross-enterprise document reuse proposed in thiis tihesiscognition of parts of

one classification model that may be of use to another classification, and the constidiradges
between these classifications. For example (figure 4-14) a resource rabrotitains resources for a
course module called 1S14 may be of use to more than one course, each of which would have its own
resource room. The inclusion of a bridge in both classifications to the 'I1S14 Module Resource Room
classification would effectively supply both courses with the relevant resources. AsmiBigthtion of the

MRA could make this bridge appear to be part of each of the course icktesifs, effectively creating

reuse at the resource room level.

The ability to adapt a classification at run-time reduces the risks of 'pmentaganisation’ [Halasz88a]
whereby a system becomes unusable due to the restrictions placed on classification structures at the system
design stage. MRA support for analysis of knock-on effectssis wluable - to allow a user to change a
particular classification without analysing knock-on effects would lead vergkiguto a fragmented

system, and the argued value of cross-linking would be quickly lost.
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Course Resource Room
Modules

vy Modules
Is14 |[so11 || kR
classification > v
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Figure 4-14: Resource Room Level Reuse in the MRA

Document Services

The document services (DS) layer contains services that operate on the lower lapersvilA. The
document services are key to the propagation of documents and associated inficonatievant parts of
the organisation. The DS layer is a process layer holding no information, but operatimg lower levels
changing the state of the overall system. The primary servibe navigation service - operates over the
entire MRA information model shown in figure 4-9. The navigatiawise provides the user with a means
to navigate the information model, and ask a wide range of context-sensitive questions abouttte
state of the information model. Appendix A provides a full list of information that caecamsted by the
user and answered by the system. Apart from the navigation service, MRA dé@enéces divide into

two classes:

e entity servicesthat operate on the document abstraction and document objects layer

» classification serviceghat operate on the document classification layer.

Table 4-1 shows the document services that are available at the entitgssification levels.

Entity services Classification services
Document Check-in Document Classification
Document Reuse Classification Change
Search Search

Hyperlinking Bridging

Interest Management Interest Management
Annotation

Viewing History

Table 4-1: Document Services within the MRA
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Document Check-in

The document check-in service receives as input from the user the document to store, the manual document
meta-data required (document title, keywords and description) and the primssification under which

the document should be stored. The check-in service stores the document at thentdobjeoelayer and
generates a corresponding set of meta-data at the document abstraction layecalisatbe document
classification service to associate the new document with the classificiidified by the user, providing

the primary point of access to the document from the document classifitager.

Search

A search service is provided at both the entity and classificati@isle\As an entity service the search
operates at the document abstraction and document object layers of the hedwmafch service receives
a search term from the user and returns a list of candidate documents, which mag thesstigated
further by the user. As a classification service the user is able to search aflceltisss (analogous to
VSP resource room folders) at the document classification layer. The MRAads@ set of hierarchical
classification models at the DC layer comprising shorthand labdlmare expanded descriptions for each
label. By searching classification descriptions documents may be rewvbatedould not otherwise be
discovered by an entity-level search. The search returns all classificatiotanatgy the search term,

allowing the user to investigate any of the resultioiglers through the navigation service.

Hyperlinking and Bridging

The hyperlinking and bridging services allow the user to create linkeveba documents and
classifications that they need not necessarily own. Links betweeddeuments are termed hyperlinks and
links between two classifications are termémidges implying a flow of documents from one
classification to another. Due to the separation of links froendilcuments and classifications that they
connect, MRA hyperlinks and bridges are inherently two-whgth the source and destination anchors are
equally aware of the created link. The hyperlinking service creates an entgyrigléliant meta-data at the
document abstraction layer and the bridging service creates entries at theedbclassification layer.
Importantly each hyperlink and bridge added stores with it the nanteegferson who created the link,

allowing an amount of user discretion when following such links.

Annotation

One of the identified weaknesses of the electronic document model adi¢iotral paper-based documents
is the relative lack of support for annotation [Levy93]. In response to this criticism, theiddRides basic
support for the addition of annotations to existing documents. The annotation processiearetas the
creation of a new document and the creation of a hyperlink between theabidgicument and the

annotation. The annotation service performs this two-stage process within the MRAthAs/perlinks
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and bridges, annotations are stored with the name of the person who created the annotationuakowing

discretion when navigating the document store.

Viewing History

Whenever a document is viewed by a user of an MRA implementationhithé recorded. The MRA
history management service operates at the document abstraction layer, updating a tdosystem
meta-data whenever that document is viewed. As with the hyperlinkiidigirg and annotation services,
each entry in a documeéntistory trail is regarded as a first-order object, recording nottbelyact that a
document has been viewed, but also the name of the user who has viewed the restwarcestam-
generated timestamp. A particular docuneetitistory can be viewed through the navigation service,

showing not only how many times it has been viewed, but when and by whom.

Personal Interest Management

The MRA personal interest management service provides lightweight supptivé fregistration of a user
interest in a particular document or classification, and automatic catidfn of relevant changes. An
interest in a particular document is stored as system meta-data for that doaintke document
abstraction layer. An interest in a particular classification isestat the document classification layer. The
registration of personal interests and discovery of other users with particular interests may d@ad

opportunity for collaboration.

Classification Change

The classification change service is responsible for managing updates to theedbclassifications in
response to a userequest. The MRA supports the addition and removal of a classifidfataer at the
DC layer of the architecture, and further analyses knock-on effects to otheificdéi®ns. The

classification management service performs two roles:

« It allows a single classification to be changed in response to a cimamgginess or culture of

the owning organisation

» It highlights all affected classifications to either the owner of the uddaaessification or the
owner of the affected classification. It further highlights any resesuthat are affected by the

change in the classification model.

Document Classification

The document classification service is key to the Model-driven Reuehitéeture. It performs the

association between a document and a particular classification at the DC leglereildcts the purpose
and value of the document within the enterprise. Beyond a sing|eficiaissn, the service permits (and the
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MRA encourages) multiple classifications of a single document, effectivelyrpging the document. It
also supports the straightforward moving of a document from one clagdsifidat another. The service
receives as input an existing pointer to a resource, a secondary classification and a chomg af
'move. If the user wishes to copy the resource to the new classification, this iseativeffmultiple
classification as the resource itself is not copiazhly a pointer to that resource. A 'move' option adds a

document pointer to the secondary classification and removes the original association.

Document Reuse

The document reuse service provides explicit support for resource-level regigstiofy documents for a
new purpose. The MRA promotes reuse by raising the level of abstraction of the docstorentso that
they can be combined and repackaged for new purposes. The MRA document reaseassists in both
of these processes. The reuse service takes as input a collection of documents in thedlonathent
types and provides as output a single document of the target document type. Intersted&ia this
process permit the selection of resources or parts thereof, the ordering of those sesectarks and the
application of a new presentation to the resulting structure. The documsatsewice makes use of the
open storage of resources held within the MRA - as such the MRA represents aigiomodel-based
approach. The document reuse service provides only one of the three types of rdakke avithin the
MRA, further described in section 4.5.

User Interaction

The top layer of the Model-driven Reuse Architecture is the user interaction (Ul) layer that receives input
from the user and returns results. User requests are mapped onto document serviceateiipgeBiS layer

that in turn perform operations on each of the lower three layeesUTtayer is discussed in chapter 5.

4.5 Reuse in the MRA

Reuse is explicitly supported within the MRA at the three levels already discussed. They are:

« At theresource levelthe MRA supports the collection, combination and customisation of a
set of existing resources for a new purpose. The resulting resource is a titgvthah is
classified according to the new purpose it serves. The MRA document mopi®ach
enables the analysis of resource content and structure and the applicatipreséretation

specification to customise the resulting resource.

» At the classification folder levelthe MRA supports the re-purposing of a single resource,

allowing it to be multiply classified within different classificationsresource rooms.
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* At theresource room levelthe MRA provides classification bridges to make a collection of
resources useful within a number of different work-focussed applications, enabling the
construction of a number of views on document collections. Within the learning domain, for
example, a collection of resources created for a modul®istributed Working could be

used within a number of different course-related resource room classifications.

4.6 Conclusion

This chapter has outlined the Model-driven Reuse Architecture, which imatepadocuments and their
classification, hypertext, resource ownership and reuse mechanisms. It esaphhsiability to multiply
classify a single resource or collection of resources for moreathamise, providing further mechanisms to
create new resources through the collection, combination and customidatsowrces that already exist.

The selective application of hyperlinks and bridges provide a bounded document space for the end-user
who may wish only to work within the confines of a subset of the available documentation. The next
chapter describes an MRA implementation in pursuit of enterprise documentemardgand reuse for
learning resources.
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5. Implementation

The previous chapter described a document architecture that supports a numbmwsobrv a common
document store, allowing multiple classification of documents and providing mechanistins feuse of those
documents for more than their original purpose. This chapter describes an imaleéomeof the Model-driven
Reuse Architecture described, using a client-server paradigm and amnofnbcent developments in document
representation and manipulation. The implementation is delivered through a combinatieb-sémer and
web-client functionality, and through extensive use of the XML mark-up language. The-t#oeel Reuse
Architecture implementation aims to facilitate the effective use and reitsestdred resources, not through the
automation of document discovery techniques, but by supporting the recontimesidd its users in their day-
to-day work. The implementation, specific to the domain of supporting learning in lédheation (HE), is
named MRA-HE.

5.1 XML - A Mark-up Language

The Extensible Mark-up Language (XML) has been the subject of much on-goiglpmlaent, publicity and
discussion in recent years. As a mark-up language, it representsllasabset of the Standard Generalised
Mark-up Language (SGML) that became an ISO standard in 1986. Whereas SGML tools have been slow to
emerge and restrictively expensive over the past 13 years, support for XML has rqqmdly. A number of
active development programmes and freely available XML tools have improvestliisical and commercial
viability. Importantly, XML was released at a time when many organisations wawgniging the inability of
HTML to provide a solution to structured information distribution over the World Wide Web. Since the
inception of the WWW in 1990, HTML has been its enforced document mark-up language. HTML aoffer
simple presentation-driven notation for marking up document content fonpa&ise on a client browser. The
simplicity of HTML has been a significant factor in the growth of the web to this point, bunitations have
hindered the use of the web for larger scale network-based information systems. [Begpldiiis how HTML

is failing in a number of important ways:

« Extensibility HTML does not allow users to specify their own tags or attributes in order to
parameterise or otherwise semantically qualify their data.

e Structure HTML does not support the specification of complex data structures needed to
represent database schemas or object-oriented hierarchies.

¢ Validation HTML does not support the kind of language specification that allows consuming
applications to check data for structural validity on importation.
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A number of current web-based information systems recognise and circumviagstioé information semantic
through the translation between structured information and web-friendly HTML (eetaQvhwleY and
RoboShoppéf). Solutions lie in a painstaking extractiomifing) of relevant information from HTML files.
Additional to the computational load on extracting such information, thisspsolas one obvious drawback,
especially within the image-conscious world of web page design. Web site designers andcbangesthe
design of their sites and pages frequently, and HTML structures change acgordiniglss themining
services are aware of upcoming changes to particular HTML formats, such methods immediately lose access to
relevant information. XML aims to simplify the automation of such document mining ggesdy retaining
the intended data structures for a particular application area. The idbasd bXML are not new, but
widespread XML tool support and international interest have raised its profile far beyandftther
industrial-strength mark-up languages. As a language in itself, XML has expressive powergdsatessing
ability. Its supporting standards - the Document Object Model (DOM) Extensible Stylesheet Language
(XSL) and others - facilitate manipulation and presentation of Xiitances for an end-use. XML provides
the rules by which its applications must adhekTML is one such applicatidh This thesis describes the way
in which XML assists in the creation of a web-focussed MRA implementatithso necessarily concentrates
on the relationship between HTML and other XML applications.

The intention of XML (as it was with SGML) is to maintain a layer of separattween a document's content,
structure and its eventual presentation. Through this separationtamated system has access to the
underlying structure and content of an XML instance, while a stylesheet, coX&L jrspecifies the way in
which such an instance may be displayed to an end-user for human inspection and intéxadtiaied
description of the purpose and syntax of XML and XSL lies outside the scope of thi& thesis example is
given in Appendix B to make it understandable to the rest of this thesis. The exapigieschow an XML file
that retains the semantic of the data it holds can be transformed into an HTML megifesdor display in a
web browser. Figure 5-1 provides a simplified overview of the transformatioreggdcom XML to web-
readable HTML.

7 http://www.metacrawler.com/ (Last verified 8th March 2000)

18 http://www.roboshopper.com/ (Last verified 8th March 2000)

9 HTML is strictly an SGML application, but it could be easily retten as an application of XML

20 Many XML and XSL tutorials can be found on-line - http://www.w3c.org (Lasified 8th March 2000)

provides a good starting point
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<addressbook>
<address> <html>
<name>Dave</name> b <table>
<street> <htmi> <tr>
Hope Street <addressbook> <table> <td>Dave</td>
</street> <address> —» <ir> __ <td>Hope Street</td>
</address> + — <Itr>
<address> <name> —» <td> <tr>
<name>John</name> <streets  —> <td> <td>John</td>
<street> <td>Grape Street</td>
Grape Street </tr>
</street> </table>
</address> </html>
</addressbook>
XML Document XSL Stylesheet HTML Document
Instance Representation Instance

Figure 5-1: The XML to HTML Transformation Process

Importantly, the transformation from semantically rich XML to presentation-oriented HiEMplerformed at

the very last moment, retaining the semantic until the user wishes to view the information. While the XML
representation assists computational extraction and manipulattoansformation to HTML ensures that the
information can be viewed in a browser that does not hold an explicit understandiogy & hender XML
documents. The current generation of web browsers, however, understand and support the sefp¥hation

and XSL, and are able to present the XML file according to the XSL fileewhthining the XML file as its
source. This increases the ability of the browser to support behaviours andrfalitstithat can be embedded
within the XSL stylesheets and applied to XML files at the pdipresentation. This emerging ability presents
the opportunity to serve native XML files to the browser and rely on the browsers to apply the iappropr

stylesheet as required. This has a number of advantages:

¢ Document mining and manipulation become simpler because the semantic of the document is

retained

* Functionality can now be dividedbetween client and server, allowing a much greater degree of
client-side manipulation of the data. The XSL syntax permits reordering andagilerviews on

the source information.

e 'Publishing to the weB becomes much simpler as the transformation from XML to HTML is

automated and performed by the client on demand.

* A number of differenpresentation stylescan be applied to the same XML document, providing

dynamic views of the information stored.
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¢ Thetransmission sizeof individual files ismuch reduced Instead of passing a bulky HTML file
from the server to the client, the server need only pass the XML file.

The power of XML and its related standards is illustrated throughout this chapter - its useagvpeto the

implementation discussed at all levels of the MRA.

5.1.1 Application of XML to the MRA

The applications of XML fall into two broad categories: document mark-up and informatiochiaubgie. Karl

Branting states that effective document reuse requires access to the original intentions underlying the document
[Branting96]. The MRA assists this need by associating a documentheittiassification within which is it
perceived to have value, and further providing a document model-based approach tonanghléation of the
documents themselves. As a document mark-up language XML facilitates thtéretd more of the authsr

original intentions by enabling the mark-up that best captures theradtmeaning. A documesnsocial typé

can be coded within the XML document, whereas its HTML equivalent is foocgegrade text descriptions to

a single paragraph type. The development of document type definitions (DTDs) allowsomeeunities to

develop document styles that have common verifiable structures. It is thgidefof styles through DTDs that

permits the automation of reuse of document resources whose structure is undershecsl/biem.

All layers of the MRA are implemented as XML files and basic operations over thoseSdene represent
recognisable document structures for the resources held, whereas otheentepoge informational aspects of

the architecture. Further to the use of XML as a document mark-up lanthadeetter retains a document
semantic, XML can also be used as a basic open information modefijugpige. Each of the entities within the
MRA information model (Figure 4-9) is represented as an XML document instatiteawiell-defined and
navigable structure. XML manipulation methods, provided through the Document Object Model, are almost
identical for both structured document mark-up and information modelling applications. In itéooasXML

is able to model many kind of data structures easily, and the recenmBot€ontent Descriptions (DCD)
proposal submitted to W3C by Microsoft and IBM permits more enforceable data types definitions within an
XML instance. The expressive power of XML and XML Data (which forms part of thB pfposal) has

proved sufficient for the needs of the demonstrator MRA implementation.

5.1.2 XML versus X500

Virtual Science Park resource rooms are currently implemented using an und&8gidglirectory. X500 is a
standard for directories which defines an information model, a furaitinodel, a namespace, an authentication
framework and a directory access protocol (DAP) with which to provide directory services [Drew97]. X500 was
deemed to be suitable for the VSP implementation because of its decentraltdeldomstorage, powerful
search facilities, global namespace and structured information model. At fipgtdared that the X500 directory

structure might be useful for the implementation of the Model-driveusR Architecture. After investigation,
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however, it was decided that XML and its associated standards could provide a similaadigaiofages and
provide further support for the implementation requirements. In particular,

e The X500 design emphasises a tree-like structure to the domain of the entities it stores. However
the nature of hypertext and cross-enterprise links forms a focus dmtdreonnectedness of
everything [Whalley93] which does not naturally map into a tree structure. A networktsteuc
better supports such need and provides further support for incomplete anthghmodels. XML
is more naturally able to support such a network structure with high connedivit low

dependency.

e Current work and opinion on structured documents is leading to a blurring of the distincti
between database and document [Ressler95]. A person record, for examplecoasitered as
either a data record or a structured document. If a part-X5p@&mentation were undertaken, at
some stage of development the designer would need to define which information eéypde e
regarded as data and which were to be regarded as documents. Person informagiamiibe,
may be regarded as data to be navigated and searched, but could also be asgadtEmiment to
be viewed. If the person object were represented as an X500 model it would requicé expl
transformation on the server for viewing, but if stored as an XML file,ftleatould be navigated
and searched using the Document Object Model and viewed directly in a web browwgeairus
XSL stylesheet.

For these reasons, and to investigate the expressive and functional power of XML and,itswasl decided to

design an entirely XML-driven implementation.

5.1.3 The Document Object Model

The Document Object Model (DOM) is a platform- and language-neutrafaoéethat allows programs and
scripts to dynamically access and update the content, structure and style of doCuiftem®OM provides a
standard set of objects for representing XML documents as tree structutasdaré model of how these
objects can be combined, and a standard interface for accessing and manipwatingstigoal is to define a
programming interface that operates over an XML instance regardless ofthevid parser used. The DOM
represents a document as a hierarchinadée objects, each of which contains properties that identify its type,
content and attributes. The hierarchy of nodes can be navigated using straightid®sbecified API calls
such as parentNode, childNodes and nextSibling. When called, these API funatioms mpointer from the
current node to one that is related in the specified way. The API als@@savinumber of methods by which to

create new nodes and place them relative to the current node - insertBefore, replaceChild, appendChild, etc.

L Source: http://www.w3.0rg/DOM/ (Last verified 8th March 2000)
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The DOM upholds the notions of a document object, a single node within that document, lists of nodes and
node attributes - each can be accessed through a different API call.

The Document Object Model became a W3C Recommendation in October 1998. Althoughirsiitspdéms

and recommendations, it was seen as vital to provide a standetddio document parser implementations
should adhere. A number of DOM-compliant toolkit implementations are currently available fdevelopers

and users. Microsdft latest XML parser incorporates the DOM and was selected as the parser for the MRA

implementation.

5.2 Client/Server Paradigm

Due to the increasing use and benefits of the World Wide Web client/saodel for intranet and Internet
applications, it was decided to develop the MRA implementation using a similar model. Web client/serv
technologies are now well-developed and freely available for experimentation and developheeHTTP
protocol and CGI gateway provide a page serving protocol and more complexsdeveomputation, while
developments in client-side web browsers are currently lessening thesibed¢esencode web-distributed
information in the HTML document standard. The integration of mfdion and user interface on the web
browser permits the development and customisation of rapid tegtated user interfaces.

The architecture framework presented in the previous chapter is dupliodigdre 5-2 with the web client-
server divide added. The figure shows that within the MRA implementation the client is respansibidy

for providing interaction with the user, but also for providing a certain level of the funiityostethe document
services layer. It further identified two types of server - a pr@xyes and storage server. The storage server

performs storage and retrieval of document resources themselves. In teméngation described the storage

-~
Input and Presentation )
v Client
----- Document Services ------| <X
Document Classification Proxy
Server
v
Document Abstraction
v v
_ Storage
Document Objects Server

Figure 5-2: The MRA Client/Server Implementation
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server is the same physical server as the proxy server, but this oteled 0. A conventional proxy server is
one that interfaces between the client and the storage server, oftesing@ome level of caching or control.
In the MRA implementation the proxy server performs a more significantaoigrolling the classification and

providing a layer of abstraction from the document resources themsethesdaicument abstraction layer. The
proxy server performs a server role to the web client, and a smaller rdierto the underlying storage server,
or servers. The provision of a separate storage server layer provides the abilitpddicalar part of an

enterprise to control and safeguard its resources on its own server, whil@blkeng provide its resources to a

wider community.

5.2.1 Client/Server Technologies

The MRA demonstrator implementation is based on a range of freely available World Widedheblogies

and open standards. A brief overview of the range of technologies used follows:

Web Server and Client

Microsoft Internet Information Server 4.0 (11S4) with Active Server Page (&RBnsions is used as the base
web server for the MRA implementation, although any web server with ASéhseahs can be used
interchangeably. The web server base facilitates world-wide distributiorttorénternet with its standard and
extensible HTTP protocol. The use of a web client as the means to access tHenp&aAentation provides
explicit support for cross-platform compatibility with no additional requirement from this msachine. It was
decided for the demonstrator implementation that an XML-aware web browser should be the stesediard,
although a standard HTML client implementation would be equally po$sifilee use of an XML-aware
browser provides additional client-side functionality while retaining storage and kanhttee web server. At
the time of writing, Microsoft Internet Explorer 5.0 is the onlyiX-aware commercial web browser available,

although the next major release of Netscape Navigator will be simildMly-&habled.

Active Server Page Scripts

The use of server-side Active Server Page (ASP) scripts enables the emhafdpingedural functionality
within a web page held on an ASP-aware web server. ASP elements witHinpagesare executed in response
to a user request for that page, and the results from the ASP are returinedaitH other mark-up elements. A
small example is shown in figure 5-3. When requested by a web clierASR on the left is executed on the
ASP-aware server and converted into an HTML instance, which is then passee ttient. ASPs are
commonly written in either JavaScript or PerlScript. The MRA demonstteses PerlScript at its server-side

implementation because of its powerful pattern matching and its ease of use.

22 |f the web browser is not XML-aware, the XML-to-HTML transforioatwould occur on the server rather

than the client.
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Server Client

<html>

<head>

<title>asp page</title>
</head>

<body bgcolor="#ffffff">

<%@language=PerlScript%>
<html>

<head>

<title>asp page<ftitle>
</head>

<body bgcolor="#fffff"> szo'gf,'io World
<%S$Response->write('<p>Hello World'); %> </htmi>
</body>
</html>
Web Server with ASP Extensions
Active Server Page > Standard HTML

Figure 5-3: An Example ASP Script and its Resulting HTML

XML, XSL and DOM

As noted earlier in this chapter, the XML family of standards has received much interest and support in recent
years. The manipulation of structured documents permits the construction of documents aratiorfoom
the-fly from the current document store in response to user reqliéstsMRA implementation stores all its
information models and business models as XML instances for information storage, manipuolhtietfivery.
The availability of a number of royalty-free parsers permits a powerful asideffective document model-
based approach to MRA document management. The simple integration of such parsé¢ne iABP
architecture facilitates the use of such technology across the WWW. The parser skeledtes MRA
demonstrator is Microsd$t XMLDOM that is packaged with Internet Explorer 5.0, although any DOM-
compliant parser would serve equally well. As a server-side parser XMLDOM iscabiartipulate the XML
instances that represent both the underlying MRA information model and the contentuaharestof the
document resources that are stored and reused. The XMLDOM parser can also benssitleliproviding a
consistent method for document manipulation across the client/server divide. The deldecymints to the
client as semantically rich XML instances rather than conventional HTML documerméa level of client-
side manipulation not before possible over the WWW. This chapter later explains how clieXiviide
manipulation is able to provide the user with a number of different views on the same XWtetdc Client-
side JavaScript enables the XML parser to operate over a client-side cthygytednsmitted XML document

and dynamically apply a number of different XSL stylesheets.

5.3 The MRA Implementation

The complete software architecture for the MRA is shown in figure 5-4. The MRAt/server architecture
provides a connectionless service to the user, based around user requests andespsteses to those
requests. This section outlines the major components of the MRA demonstrator implemeatatitheir
interactions.
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User
Client
Web client
Presentation (XSL)
Proxy
Storage API (DOM
d I( ) Server
v
Request HTTP Daemon
Handler
v
Document Document Hyperlinkin Annotation Viewing Event
b " Check-In Reuse s 9 History || Services
ocumen
Services Document Classification Bridain Interests Search || Event
Classification Change 9ing managment pool
| Storage control (DOM) |
Information Organisation Resource Classification Resource .
Model Person Owns classification bridge link Interests History
| Emir:ieS/ catalogue catalogue catalogue catalogue catalogue catalogue || catalogue
Relationships
. Organisation Person Classification Resource
Abstraction
Layer catalogue catalogue catalogue catalogue
Storage
Server
Information Organisation I Document
Model structure Person Classification Resources Models
Entities

Figure 5-4: The MRA Software Architecture

5.3.1 Assumptions

A number of assumptions have been made about the working environment to provide lmebase-
implementation. The assumptions do not represent limitations of the MRA, but do providd eutet for the
demonstration implementation. The assumptions are stated here, and form the bounds to the MR&atem

implementation.

e Every user must own one, and only one, resource room

e An organisation comprises any number of organisational elements. There may benyas ma
organisations as are deemed necessary

* One organisational element may own one or more resource rooms

* One person may belong to more than one organisational element

¢ A resource must have a valid owner at all times, and must be linked to atrleadassification.
Every resource may be multiply classified.

* An enterpris&s resources are the sum of all the resources that the people in those doganisat
own.

* When a user deletes a document, he does not mind others retaining a copy of that document
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Figure 5-5: Request and Response Process

5.3.2 Request-Response Process

The request and response process, shown in figure 5-5, provides interaction betweienttaadlthe MRA

proxy server. It involves the following steps:

N

The user client sends an HTTP request message to the proxy web server.

The proxy server decodes the request message from the client using aidenfP script (the
'server scrip).

The server script translates the request message from the cl@mat $ervice request, which it
passes to the relevant ASP service script.

The service scripts operate over the MRA information and business models and netsponse

to the server script.

Due to the connectionless nature of the WWW architecture on which the implementatisedis ba
the server script adds a small amount of XML information to the file returpede service script

to remind the client of the request it has just made. The server script then tetunesulting

XML file to the client via the server.

Although the MRA models provide a wide view of the enterfgisesources, classifications and organisational

structures, the requests that a client can make at any particular time are tiynitedclients current view on

the information model. A full list of the allowable requests ietisn Appendix A, but some examples are given

here to provide a flavour of the context-sensitive nature of the implementation. &sammple, figure 5-6

reproduces the part of the MRA information model that involves the classificatitity. It shows how a

classification is linked to four other entities of the MRA information model. A ossgy request a particular

classification or a list of classifications from each of the related enfitfesfollowing user scenarios all result

in the return of a classification or list of classifications to the tlien
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Bridge

contains /
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owns

classifies

Resource

Figure 5-6: The Classification Entity of the MRA Information Model

1. A user is viewing a perssninformation and wishes to view the classification belonging to that

person (e.g. Show me the resource room owned by Phil Taylor)

2. A user is viewing an organisational model and wishes to view thsifciaons belonging to a
particular organisational element (e.g. Show me a list of resource rooms owned by the School of

Computer Studies at the University of Leeds)

3. A user is viewing a classification and wishes to know what otheifedasiens it has been linked
to (e.g. Show me the resource room folders that have been linKEstLlfio Resource Room :
Research Architectur&y

4. A user is viewing a resource and wishes to see where this resource is classifssdtlaero
enterprise (e.g. Show me the resource room folders under which the retomockiction to

XML is classified across the enterprise)

For scenario 1 the user client requests a classification, or resource room strfrctur the server using the
ShowClassificatiomethod. For scenarios 2, 3 and 4 the user client requests a list of relevant atassific
using theShowClassificationListnethod. In scenarios 2, 3 and 4 the server returns a list of classifsgdtimm
which a user may select one and make a subse&§hemtClassificatiomequest. As part of each request, the
client also sends the context within which it is asking for a ifleason. The following four server requests

correspond to the identified scenarios

Scenario | Request method Context

1 ShowClassification Person : Phil Taylor

ShowClassificationList | Organisation: Leeds University : School of Computer Studies

2
3 ShowClassificationList | Classification: IS14 Resource Room : Research Architectures
4

ShowClassificationList | Resource : Introduction to XML
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The server script recognises each of the request methods within the conteided, and calls a service that

can respond to that request. When the server script receives the response from the service script in the form of
an XML file, it applies the initial context to the file and returns it to the client. The user is theto alaléigate

the model further.

The example given above has illustrated only 8t®wClassificatiorand ShowClassificationListrequest
methods. The MRA demonstrator implementation recognises over 30 request methidplémént methods

for information navigation, user navigation, search, addition and removasafnees and classifications, and
hypertext and reuse mechanisms. They are listed in table 5-1 and explaineceidetail in Appendix A.
Although each request method may in turn invoke one of a number of document services, each returns to the
client an XML file of the corresponding document type (eithassificationor classificationLisin the example

above) that is subsequently displayed in the client browser.

Information Navigation Methods Action Methods
ShowClassification ShowPersonList AddResource DeleteFolder
ShowClassificationList ShowPerson MoveResources CreateBridge
ShowResourceList ShowOrganisationList CopyResources CreatelLink
ShowResource ShowAnnotations DeleteResource CreateAnnotation
ShowiInterestList Search DeletePointer Addinterest
ShowOrganisation AddFolder Deletelnterests

User Navigation Methods Resource Reuse Methods
ShowDropdownlList ChangeUser SelectResources ApplyPresentation
RememberFolder ClearDesk OrderResources GenerateResource
RememberResource

Table 5-1: All MRA Request Methods

5.3.3 MRA Models

Chapter 4 described the separation of the MRA models into a set of enterprisi$pestifess models and a
more general set of information models that store entities and relationships timatrépelated by higher-level
document services: hyperlinks, classification bridges, annotations, interests antedogiew histories. Within
the MRA demonstrator each model is represented by an XML file of an approgoetenent type. The
business models describe the folder structures of each MRA resource ragsifi@@tion), the organisational
structure of the current enterprise, the personal details of the peopla Withienterprise and the structure
models of the document types used by the enterprise.

A simplified classification model coded in XML is shown in figure 5-7, providing théef structure for a
single resource room. The classification model shown represents a thrererfeddurce room - a root folder
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<classification>
<entry id="ido01">
<subject>STEP Resources</subject>
<description>STEP (ISO 10303)</description>
<lastmodified>01/01/1999</lastmodified>
<level>
<entry id="id002">
<subject>An Introduction to STEP</subject>
<description>

Introduction documents for the STEP standard
</description>

<lastmodified>01/01/1999</lastmodified>
<lentry>
<entry id="id003">
<subject>Application Protocols</subject>
<lastmodified>22/09/1999</lastmodified>
<description>
Documents that describe STEP APs
</description>
<lentry>
</level>
</entry>
</classification>

Figure 5-7: A Sample MRA Classification Model in XML

called'STEP Resourcésind two folders within thatAn Introduction to STEPand 'Application Protocols
Each of the three folders has a titeubjec?, a description and a record of when it was last modified. Each
node is identified by afid’ attribute which is unique across each classification. The nested foldetustris

represented by placing thatroduction to STEPand’Application Protocdlfolder elements within thi&STEP

Resourceselement, delimited by alevel> element. The nesting of folders within a higher-level folder is

allowable to any required depth. Similar files are constructed for each resoomtstroicture within the current
enterprise. Notably the classification models refer in no way to the dotsrtteat are classified within each
resource room. A separate relationship file (thgource classification catalogueescribed later) associates
documents with the relevant resource room folder, or folders, creating @ &ms®ciation with a single
classification and permitting multiple classifications of a singleudwent resource.

In a similar way, organisation structures are defined to represetig¢harchy of the enterprise that the MRA

implementation supports. In the demonstrator implementation the organisational model representh@ar
structure of the University of Leeds, shown in the figure 5-8.

] Uniwersity of Leeds
— JI'-;-.'-.!:';. of Scienco
1) Eckcal o Compuler Shudies
:_LJ Meckanical Engnaerning
—i=d Facuky of Arts
T L_.J Fing ad
=l pad A
= -ﬂ Faciuly of Maderm L e des
|:DI,I;:-' trigel of Franch
D Degeaitengnt of G
150 inter departrantal Inshiutas
l L Eppwarts Insifute

Figure 5-8: A Sample University of Leeds Organisation Model
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The organisational structure provides a means to associate a document resource wghntisational unit

within which it is created or owned. The organisation model describes the organisational units thisedep
enterprise but does not describe any person membership to those organisationél meitsly provides an
organisational framework with which people and resources may be associatadn lis to assist with the
storage and ownership of the implicibrganisational memotyheld within the document store. The
organisational model is stored as a nested XML file with a structure simithatalescribed for individual
resource room classifications. Information about each person within the organisation is stored separately in
individual XML files, one for each person, containing contact details and erajetext description. These
details may be used by other users to make contact with document owners to efatideation or to elicit

further information.

The final set of business models, referred to as document models, provide arn dgfiidion of the meta-

structure of the documents created and used by a particular enterpgsexplisit representation of document
models permits a level of automatic navigation over the documents stored, ematibogment model-based
approach (described in chapter 2). To simplify the demonstrator implementatignone document type is
currently represented: that of teaching slides. Téaching slidesdocument type is shown in figure 5-9, both
diagrammatically and as an XML document type definition (DTD). Each séileésnust conform to the rules

laid down in the XML DTD in order to be considered valid.

slideset  title: Al Slides XM DTD
slide title: Slide 1 id: sldo1 <lelement slideset (slide*, notes>
* Point 1 TJitem <lattlist slideset
*Point 2 TJitem titte #REQUIRED
*Point2a  _Jitem . list > _ _
Point2b Jitem list <lelement slide  (list)>
*Point 3 TJitem <lattlist slide
id #REQUIRED
slide tite:  Slide 2 id: sld02 tite #REQUIRED
>
: <lelement notes (note*)>
ete. <lelement list  (item* | list>
notes note note hote etc <lelement note #PCDATA>
' <lelementitem #PCDATA>

Figure 5-9: The Meta-Structure of a Set of Teaching Slides

The previous chapter described the purpose and discussed the significance of the docuraetibralfBiA)
layer in the overall framework architecture. To reiterate, the purpogsbe &fA layer are:

¢ to separate document and system meta-data from the documents they describe
* to separate the physical location of the document from the way in whgheferenced in higher

layers.
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The DA layer is implemented as a set of catalogue files stored on thegmwer that provide an overall view

of the distributed business models. Each resource, classification, person file and organisations model
represented by one entry in the appropriate catalogue file. The resource catalogkample, stores meta-data
for each document resource and a pointer to the physical location of the documerBirfillarly, the
organisation, person and classification catalogues provide an overall list of systetifieérs and physical
locations for each of the organisational models, person files androesroom structures. Each provides a layer
of separation between the physical location of the files it describethaneay in which they are referenced by

the document services.

To this point this section has described the construction of resource room structures, organisatturasstru
information files for each person within the enterprise and metatataes for the documents stored within the
MRA. Additional to the entities discussed, the following associations are made across the business models,

representing relationships between entities in the MRA informatiatemo

¢ Alink between a document and its meta-structure (i.e. its document type)
¢ Alink between a document and its owning person
¢ Links between an organisational element and its members (people)

e Links between a document and the classification folder/folders thaifgldmsdocument

Due to the one-to-one mapping between a document and its type, and a document amek jtevirst two
relationships could be stored as document meta-data stored in the resource catalogueAatagfes. In
practice, document ownership is separated from document meta-data for pedermeasons, forming the
‘'owns catalogueThe third and fourth relationships are potentially one-to-many, and are stored separately so as
not to impose any primacy of either document classification or organisational membershipesthece
classification catalogueand’organisation person catalogueeld on the proxy server capture this information;

one entry for each association. The following extract from the resource clagsificatalogue shows a single

document multiply classified in two resource room folders:

<entry><resource id="res001"/><classification id="class001:id005"/></entry>
<entry><resource id="res001"/><classification id="class004:id012"/></entry>

Each entry in the resource classification catalogue associates a resource 1D witir@eresom classification.

The resource IDres001 , provides a unique reference to a single resource within the MRA, and can be
resolved to a storage location through the resource catalogue. The classificatidasid01:id005
represents the node with IIdO05 within the classificatiorclassO01 . Due to the use of the namespace
mechanism, the Id005 only need be unique within a single classification. The classificatiorerefed by

ID class001 is first resolved to a storage location through the classification catalogue;léhantenode
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within that classification is then identified within that single clasatfon. Similar entries are made in the
organisation person catalogue to associate people with organisational units. The tabditpport the
association of one person to more than one organisational unit allows for the rgpi@sen virtual teams and,

in the case of the teaching model, inter-departmental centres and institutes

The remaining MRA model implementations represent links between resourceshéitmkeen classifications,
document history trails and personal interests that have been registered by userfi¢rrepaagices or resource
room folders. Each entry represents a single link, document viewirggistered interest. Typical entries in the

resource link catalogue, interests catalogue and history catalogue, faitbvbrief explanations:

<entry> This entry in the resource link catalogue
<start id="res001"/> D

<end id="res105"/>

<createdby id="person001"/>

represents a link created by person with
person001 between two resources with IDs

res001 andres105
</entry>

<entry> This entry in the interests catalogue registers an

<person id="person001"/> interest of person with I(person001 in the

<resource id="res001"> .
) resource with ID resO01 . The user has
<type>single</type> e L. .

requested update notification every time the
</entry>

resource changeg/pe=single )

<entry> This entry in the history catalogue is updated

<person id="person001"> every time person with ID person001 views the

<resource id="res001"/> resource with ID res001. The last accessed date
<lastaccessed>22/09/99</lastaccessed>

) ) and the total number of hits by this user on this
<hits>8</hits>

resource are stored.

</entry>

Table 5-2: Example Entries in the MRA Information Catalogues

5.3.4 Document Services

Sections 5.3.2 and 5.3.3 have described the request and response process and the MRA modeldehat provi
storage for the MRA business and information models. When the user clientdsaegeest to the MRA proxy
server it translates that request into an appropriate service requestlidgpamthe context within which the

client has made the initial request. Each of the service requests igaddnethe appropriate service script. The
service scripts perform a range of operations on the MRA models described in tloeipsadtion and return an

XML document of the relevant type. When called by the server scriptyizs creates a number of server-side
XML parser instances - one for each file required to service the current request. Oncetlad&R calls a
number of DOM methods on the XML parsers to extract or add relevant informationkagpacrelevant

information into a new XML file and returns that file to the server script. tDube connectionless protocol of
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the web server/client architecture the proxy server adds a small set of estrditached to the root of the
returned XML file thatremind the client of the context under which the request was made.

To illustrate the role of document services, this section prowadasort example service that returns a list of
resources hyperlinked to the currently selected resource. The full tagapense process follows, including
sample ASP script and fragments of the resulting XML responses to provide a flavour of thgimmderl

programming mechanisms.

1. The user selects a resource and asks of the thbiat resources is this hyperlinked’'to?
The client sends a request to the MRA servehowresourcelist resource=res001 '

The server script identifies the request as a request for hypertidkissues a subsequent request to the

hyperlink service.

4. The hyperlink service loads the relevant XML file, the resourcecltélogue:

$resLinkCat = $Server->CreateObject("Microsoft. XMLDOM");
$loaded=$resLinkCat->load($resLinkCatFile);

5. The hyperlink service makes a DOM request to locate all the entties iesource link catalogue that have

the resourcees001 as one of the link ends:

$resLinkCatRoot=$resLinkCat->documentElement;
$relevantEntries=$resLinkCatRoot->selectNodes(
' entry[start/@id=%resourceToFind or end/@id=$resourceToFind] ")

6. The hyperlink service creates a new document of tggeurcelist, and for each of the identified

entries creates an entry in the new resource list document.

<resourcelist>
<entry>

<resource id="res002"><type>linksto</type><createdby id="person001">
<metadata>

[document resource’s meta-data placed here - title, author, keywords, etc.)
</metadata>
</entry>

</resourcelist>

7. This resource list is returned to the server script, which adtwetéile the original context of the client

request

<resourcelist resourceid="res001">

<entry>...</entry>

</resourcelist>
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8. The server script returns the XML file to the client for subsequent display, showing the user dhe list
resources attached to the resouss901 , with their details. A typical response follows:

<resourcelist resourceid="res001">
<entry>
<resource id="res002"/>
<type>linksto</type>
<createdby personid="person001">Dave Small</createdby>
<metadata>
<owner id="person001"/>
<title>Plan of the Lecture</title>
<version>1.0</version>

</metadata>
</entry>
</resourcelist>

The client understands (via an XSL stylesheet) that this resource list has been returned because the user asked
for a list of resources linked to resoum@01. The list contains one entry, indicating that resoues®01

contains only one hyperlink to another document. The entry codifies the type of this linterfon who

created the link and the meta-data associated with the target document. Altheughge of MRA document

services is extensive, the process for each is similar: decode requestjlatartipe MRA models on the server

and return a document of the relevant type to the user for display. More coraplexes not only access the

MRA models on the server but also add, remove or update entries using the DoobpeniModel API.

5.3.5 Client Implementation

Until recently web browser clients have been capable only of displayatic HTML documents received from
web servers. This has led to a static view of the data, requiring additional web-server irtert@mptiovide
different views on the same information. The current generation of web browsdile i® provide much more

client-side functionality through the use of the JavaScript language to manipulsite ¢fi€nt-side, changing

AEsmpces - Sheder Learmsy Olgeciives © Lk

Tl e crppiinm Wiy Auilleal g Pt el ik Cywaleal 1y
<] Wity odection =] 10 Gove Smal 1EGTHST Pagl Jores
#] Py ofl e LisiBriie =] L4 10 G Smal 10THET Daes Simall
o] Tl Wi ki Eindi ey = 10 Cegan Soval V40THSET Jahh Smin
o] WER-baged Seivei Aichlecnan = 10 Ceawn Srial T4OTHEIT - Daes Sl

Figure 5-10: Web Browser Output from’resourcelist Server Response XML file

document display dynamically; this has become known as Dynamic HTML (DHTML). The MigAt
implementation uses DHTML extensively; DHTML that is genetditg the application of an XSL stylesheet to
the XML files returned in response to client requests. In the example from the preeition, the client
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presents the user a list of however many linked documents have been identified 5SFi@usbows the web
browser output with four links shown in the resulting resource list. This output is generated diyeqiplying
an XSL file to the XML file from the previous section.

Client-side XSL stylesheets are able not only to wrap HTML elements around thedint, but also to add
client-side behaviour through DHTML. Due to the extensive nature of the MiRFkniation model, the
demonstrator implementation provides pop-up menus for each element that tathbéeinvestigated. The
stylesheet identifies the allowable user operations within the curoetéxt and provides an appropriate set of
pop-up menus, permitting the user to further navigate the MRA information niagiete 5-11 shows the same
results as figure 5-10, but further shows two sets of pop-up menus that are available. Each pop-igp me
activated by moving the on-screen mouse pointer over either a resource thke mame of the person who
created the link. The menus contain a list of information that is availabtedaurrently selected element. A
selection from either of the available menus sends a new request to the MBAsereer, enabling further

navigation of the information model

The menus shown in figure 5-11 represent the full range of navigation capabilities avadiadde the MRA
information model. In order to support a range of different user types, both the displideadrie the available
menu options can be limited according to the type of the current user. Wighétothain of higher education,
for example, a tutor may wish to have full navigation over the information model, brittrélse options
available to a student. This restriction is declared in the XSL stgéslier each document type, simply but
effectively removing fields and menu options for all student users, creatingoanésesd view on the available
information and a limit to the available navigation.

Resources : Student Learning Objectives : Links

Title/Description Ver Authors Authored  Link Created By

%] Intradsction ] 1.0 Dave Small 14071997 Paul Jones

F *Aew This Resource
%] Pla ) # [ 1.0 Dave Small 14071997 Dguen Seaall

» dew Links ¥ “dew Person Info
ﬂ Vin b e Eessifeims N 1] 1.0 Dave Small 1407M 397 Jo |k ‘dew Resources

P dew R R

3] WE view Quner info re [5] 1.0 Dave Small 14/07/1897 Defoo oot W80

» “dew Organisations
F ‘dew Annotations

F 'ew Interests

F Uho is Interested in This?

b ‘dew History

F Wiho Has Seen This?

b Create Annotation

} Create Bookmark/Interest

¥ lvtark this Resource

F Create Link to Marked Resource

b Edit thiz Resource

Figure 5-11: Context-Sensitive Pop-up Menus
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The dynamic nature of the XSL stylesheet further permits the user to Heaithe current view on the XML
information. The MRA implementation allows the user to order a list ofureses alphabetically by title or
author, or chronologically by date authored. Conventional HTML delivery cannot provglietei of client-

side manipulation.

5.3.6 Trust Mechanisms

Chapter 4 discussed the need to restrict the bounds of hypertext to the end usier ¢corgfusion and to retain
focus, especially within the domain of teaching and learning. The client implemantiscussed in the
previous section facilitates one type of restriction by providing users ofdygentwith limited information
and navigation options. A second method of restriction is made possible through the seleotival Kt
document hyperlinks and annotations. Annotations and hyperlinks that refer to a particularrd@renséored
separately from the document, and are typed, storing not only the link or annotation, upaelater to the
person that created the link or annotation. Within the learning environment, for exampleothie able to
restrict the effect of hyperlinks and annotations on students by supplying a list of people whosekisygalin
annotations should be trusted by the students as they navigate MRA resource roomsrertiesimple trust
model demonstrates the ability for the student to view only the armwgadind hyperlinks created either by the
tutor or any other student on the same course. The list of trustptepestored in each u&personal XML
record, and inspected each time a set of links or annotations is sought by a user. Only those created by users on
the current usés trust list are returned to the client for display. Thus a documentstmatiltiply classified
across a number of resource rooms is able to contain many more links and annotations thaieate aisy

single user.

5.3.7 Event Pool and Services

Section 5.3.2 provided a description of the request-response mechanism that priedamioaghout the MRA-

HE implementation. The request-response mechanism is such that the system responds to user requests as each
user navigates the information model and manipulates various aspects of the underlyigtiofostore. In

order to maintain integrity across the document store and information models, aigh¢o events such as

regular update notifications, a persistent event system is provided to complementigfst-response nature of

the implementation. The event pool is implemented as an XML file which stores syajem events as they

occur. The event pool can then be interrogated by the asynchronous evierssasvrequired. There are two

event services currently implemented for demonstration purposes:
« anotification service that provides email notification of chanigesy interests specified by users
e an integrity service that ensures that documents, folders, linksegtain intact when changes are

made elsewhere in the system.

A typical example of each service is described below to provide a fla¥dhe roles performed by each.
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Notification service process

1. Auser (Paul) registers an interest in a particular resource room folkiag &sbe updated weekly
on changes to the contents of that folder

2. The owner of that folder (Chris) adds a document some time later, creagngraim the MRA-
HE event pool

3. At a scheduled time the notification service inspects the eventdoailarsersinterests
When the notification service finds the update event in the evganhlb Pals interest, it sends an

email to Paul notifying him of the change

Integrity service process

1. A user (Paul) points to a particular document from one of his resource room folders

2. Some time later the owner of the document (Chris) decides that it is atimerfimterest, so makes
a request to delete the document

3. The document classification service removes the primary link to therdmt and creates an entry
in the MRA-HE event pool
At a scheduled time the integrity service inspects the event logllaedource rooms
The integrity service finds a single folder that points tddbketed document, creates a new copy
of the resource, sets tlmvner attribute of the new document’®aul and re-links Patd folder to
point to the new resource

6. The integrity service sends an email to Paul informing him of the ekangde.

The natification service is similar to the more thorough implementation provided forSRe(described in
[Drew97]). Through the provision of the integrity service it is hoped that users may be encouraged to
resources outside their own resource room, without the fear that a documednthveyiecnay become dependent
on may be lost. The event pool and services are by no means completethdtMRA-HE demonstrator, but

their presence provides a proof of concept of the asynchronous capability of the MRA.

5.4 MRA-HE Reuse Mechanisms

The MRA operates beyond the bounds of many conventional document managemsrg Bysiesociating the
document resources it contains with an owner and with at least one classificationwtiich the resource is
currently used. It is proposed that encoding a resuatklitional work-focus and ownership will result in a
system that can both manage resources and facilitate reuse of those resources for nthesr theginal
purpose. As previously discussed in this thesis, MRA supports reuse at the resource, foldsow@me room

levels.
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5.4.1 Resource Level Reuse

The resource-level reuse process involves collection of documents, combination of parts dbthosent and
customisation of the resulting document with a new presentation. To this point tpterchas highlighted
opportunities for collection of existing materials. This section highlights MBtévision for resource

combination and customisation.

The MRA-HE demonstrator introduces a concepitviyf DeskK to each of the personal resource rooms created.

'My DesK is a resource room folder that has additional functionality to other resources rooms, providing the
ability to select a subset of the resources it contains. During the collgttas® a user browses the resource
space by navigating the MRA information model. Upon the discovery of a resource suitable for reuse the user is
able to copy a pointer to that resourceMyg Desk. The desk metaphor provides a workspace separate from the

work-specific resource rooms specifically for the purpose of reuse.

Once a set of resources is collected, the user is able to select earyarbgource order and view the combined
resources. Combination relies on the XML structure of the collected resources, septratindividual
resource content from its resource-specific structure. The generated resourceeid wieavclient browser,
where the user is able to refine the ordering of the component resources. Thealderto decide, for each
component resource, whether a snapshot of the resource is required, or wpethtarao the original resource
would be beneficial. [Levy94] highlights the fixed/fluid problem within documents, arghiagthe user may
want to provide either a stabilised view on the document resource or a oidreefbresentation whereby the
original resource is referenced forlatest viewt Research into virtual documents [Vercoustre97] highlights
value in referencing up-to-date information from within a set of more static iatom The MRA
demonstrator supports both types of resource inclusion: a snapshfikddr information and a pointer

mechanism foffluid’ information, whereby the document component is added at view-time.

Once the user has selected the final ordering of the new resource and, for each component, whether a snapshot
or pointer should be made of the resources, the system produces the resulting raddinget to the user

desk for subsequent classification.

5.4.2 Folder Level Reuse

Folder level reuse involves the multiple classification of a singlerdeat, effectively repurposing it within a

new context. The re-purposing of a document is aided within MRA-HE by the loose coupling between a
document and the resource room folders that classify it. In order to class@gument within more than one
resource room folder, the relevant document simply has two entrieis Wit resource classification catalogue,

created by the document classification service.
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5.4.3 Resource Room Level Reuse

The reuse of whole resource rooms, or parts thereof, within other resource rooms isefddiljtehe ability to
embed an XML fragment within another. Each resource room folder structure isergiegeas an XML file. To
enable resource room level reuse, any single node from one resource room XML fileidednak a pointer
within a node from another resource room XML file. Upon presentation of the restdsngrce room to the
user, the navigation service resolves all pointers within the classificgiioniding a’latest view of the
included resource room folder structure to the client

5.5 Conclusion

This chapter has described MRA-HE: an implementation of the Model-driven Reuseséttatgitto support a
range of activities within the domain of higher education. For a tti@cilitates the discovery and reuse of
existing documents for new teaching purposes, providing a rich informagtace sand a number of reuse
mechanisms. It also provides tutors with the ability to developictsirresource rooms that students may use
for a particular learning purpose. The ability to adapt the user interfalceestnict the application of hypertext
mechanisms limits the extent to which students are allowed to stray Hi@putpose for which the resource
room has been created. Although the demonstrator has implemented a broad range of functionalty, its k
features are:

« the storage of structured documents that can be addressed and manipulated atetbeuscdd-r
level

e the classification and multiple classification of a single document ist &ssuse in more than one
context

» the ability to build higher-level resource rooms (e.g. course rooms) from a set erf-lexel
resource rooms (e.g. learning module rooms)

e arange of hypertext mechanisms and navigation paths to promote document difocovetgrs)

e the provision of work-focussed resource rooms that are able to provide a restricteonvibe
complete document store (for students)

e an adaptable interface to provide either the full range of MRA-HE functionality arore
restricted view

The next chapter assesses the MRA-HE in terms of how effective it is atipgovad typical learning

scenarios.
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6. Evaluation

6.1 Methodology

The development of MRA-HE described in the previous chapter aims to provide the follaskagased

benefits to users within the domain of supporting higher education:

A w0 NP

Improved organisation of stored documents across the enterprise

More effective document retrieval for specific work purposes

Increased ability to reuse documents in a new context for new lggmniposes
Ability to focus document resources within a localised context feaming purpose

The success of the MRA-HE implementation is measured in terms of remhiéves the above benefits,

using current VSP Resource Rooms as the baseline against which to mgsaison. The following

evaluation process was used to appraise both technical and usenebjecti

6.2

The scenarios identified in chapter 4 were used to identify key success/fadtors for key

user groups

The MRA-HE implementation and alternative solutions were appraisedrrims of their

satisfaction of the success factors identified

Initial user feedback was obtained to determine whether achievement of stateljestéres

resulted in user satisfaction with MRA-HE.

In light of the above appraisal of how well MRA-HE attains ts&-talated goals of users, the
key design decisions that determined the character of MRA-kiEplementation were

appraised.

Appraisal of MRA-HE and Alternative Solutions

In order to appraise MRA-HE in terms of its success in providing the task-baséitsblésted above, this
section returns to the use scenarios identified in chapter 4. A review wfatti@ng scenarios leads to the

identification of critical success factors (CSFs) most likely to resultdreased user satisfaction from an

enterprise document management system. The tables on the nexispage CSFs identified for each

scenario.
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Critical success factor

1A) ability to manage more than one classification scheme

1B) ability to associate keywords and descriptions with resources when stored

1C) ability to multiply classify and manage the same document in a number of ctasiffolders

1D) ability to copy resources between classification folders without duplicating doaument

1E) ability to access folders, documents and management functionalit fneh browser

1F) ability to automatic re-link resources in one folder when they are reclassified in andiféder

1G) ability to view who has seen a particular document

1H) ability to view who has expressed an interest in a document

11) ability to find out under which classification folders a document isitileds

1J) ability to control access permissions for reading and editing

1K) ability to find out what documents other people have seen

Table 6-1: Critical Success Factors for Scenario 1:
An Academic Validating and Producing Resources

Critical success factor

2A) ability to search the meta-data for all documents in the store

2B) ability to view information about the owner of a document

2C) ability to register an interest in a classification folder or document

2D) ability to search an organisation for document owners

2E) ability to perform a full-text search through all documents in the store

2F) ability to create pointers between classification folders

2G) ability to reuse fragments of existing documents to create a new eigicum

2H) ability to retain a dynamic link between a fragment and documeaitash that fragment

21) ability to specify a new presentation style to an existing document

2J) ability to move resources between classification folders

2K) ability to include one folder structure within another classification folder

2L) ability to view information about the owner of a classification folder

Table 6-2: Additional Critical Success Factors for Scenario 2:
A Tutor Assembling Resources for a Specific Course

Critical success factor

3A) ability to create and follow links between documents

3B) ability to create and view document annotations

3C) ability to restrict the application of links and annotations

3D) ability to view information about the creator of links and annotations

3E) ability to adapt the interface for different user types

Table 6-3: Additional Critical Success Factors for Scenario 3:
A Student Following a Pre-Defined Course
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6.2.1 MRA-HE Provision for Use Scenarios

The teaching scenarios in chapter 4 described three different user perspectivescommon document
store and the ways in which each user type may wish to navigate and manipulateeresoms and
resources differently within those resource rooms. It identified a number of mechanismsaghassist
navigation and create opportunities for collaboration and reuse across theisatdipis section describes
how MRA-HE mechanisms are able to realise the identified scenarios, and how theyhsadentified
critical success factors in tables 6-1 to 6-3. The following sections are detailedh¢oaegcribe a step-by-

step MRA-HE walk-through for each scenario.

An Academic Validating and Producing Resources

As an academic overseeing the construction of a resource room for alpartmurse within MRA-HE,
Paul will have access to two MRA-HE resource roenosie for his own personal work purpose and one for
the course he is running (CSF 1A). He is able to store his new resource in his own atassific selecting
the relevant resource room folder and selecting 'Add a Resource' from the pop-up menudilifigetha
new resource he is able to add a set of keywords and a description for that resource (C&FidRB)so
able to point to this new resource from his course resource room by marking the document isohial per
classification, selecting the relevant folder from the course resource room andngel€opy Marked
Resource Here' (CSF 1C). Rather than making a new copy of the document, HRed#ies a second
classification for the single resource, effectively re-purposing the resource witiéw context (CSF 1D).

When Paul perceives the need to reorganise his resource room he ismable teesources between folders

in his own personal resource room without having to re-link the resources in the course resource room
because of the loose coupling between resources and their classifications (CSF 1F). Through navigation of
the MRA information model using pop-up menus in his web browser, Paul is able to find out who has
viewed his resource (CSF 1G), how many times and how recently, and which othéicatasss reference

his document (CSF 1l). He is also able to find out who has expressed an interest in his resmlectily

'Who is Interested?' from the pop-up menu for the relevant resource (CSF 1H). Fi@nhdhpeople who

have seen his resource, Paul is able to find out what other resources have been seenpgepphe by
selecting 'View history' from the pop-up menu for a particular person (C$FPEKI can switch between

his two resource rooms quickly by adding a bookmark interest to each; this adds each classification to his
personal bookmarks which are always available from a drop-down list across the top of tesrbrow

window.

A Tutor Assembling Resources for a Specific Course

As a tutor you have access to two resource roemse for the Advanced Computer Graphics module and
one for the Business Information Systems course. Performing a searchui@ad'gshading' from the top
browser window, results in a list of resources whose meta-data contain that search term (CSF 2A); each can
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be viewed in turn in a new browser window. Upon finding relevant documents y@lblaréo copy those
resources to your personal desk space for later reworking by sel€dmgto My Deskfrom the pop-up
menu for the relevant resource. After noting that Phil Smith has authored armofntibe resources (CSF
2B), you view his resource room by selectiBpow Resourcégrom the pop-up menu for one of the
relevant resources. By viewing the resource room folders under whicksthgrce is classified you are able

to view his personal resource room. By registering an interest in one of PHilsSstource room folders

you can be notified automatically by email when any new resources are tadtet folder (CSF 2C), or

just add that folder to your bookmarks which are available from the drop-tistvat the top of your
browser window. By viewing Phil Smithpersonal interests you discover his email address and contact him

for further assistance.

By searching through the organisational structure of the University from the seartinfthe top browser
window (CSF 2D), you are presented with information about two people with the namser@ylor. By
viewing the organisational units to which each belong you ascertain that the Chris Taylor from the School
of Mechanical Engineering, and are able to see a list of all the resourced bwyrhat school. Of the
resources listed, you select two and choos€opy selected resources to my de8y further full-text
document search (CSF 2E) and navigation you discover that all the documents wéthiheibry of
Graphics folder of the School of Computer Studies resource room are usefuttodhke you are in charge
of. By marking the Theory of Graphics folder from the pop-up menu, returning tonyodule resource
room and selectingpdd Bridge to Marked Foldéyou create a link between your module resource room
and the Theory of Graphics folder (CSF 2F). This allows anyone vieWwaghbdule resource room to see
and navigate the link to the external folder. Although you have no control oveoritents of the Theory of

Graphics folder you regard it as valuable in some way to someone using your nesgulee room.

Once you have collected a set of resources (which are all oflégpere slide$ in your desk space you
click 'My DesK from the top browser window to view your desk. To this stage you have performed a high-
level collection process, but wish to reuse only certain slides éagh of the collected slide sets (CSF 2G).
You select from your desk space the slide sets from which youtwisteate your new slide set and select
'Reuse Selected Resources new browser window opens to guide you through the reuse process. First,
you select the slides from the selected slide sets that you wish to—reabiseperforms a lower level
collection phase. You choose whether to include a snapshot of the current slide in yoesmawee or to
include a pointer to that slide which will automatically update your resource Whesotirce changes (CSF
2H). Pressing 'Next' moves you to the combination phase of the reuse processlaWwhal to order the
slides for your new purpose. After ordering the resources within the browsdowiand pressing ‘Next'

you apply one of the pre-defined styles for your new slide set (CSF 2l) andtati] description and
keywords for the new resource. Upon completion a pointer to your new resource is placed in your desk

space, which you can move to the Lectures folder within your Advanced Compateti€3 resource room
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by marking the resource and selectiMigve Marked Resource Héifeom the pop-up menu for that folder
(CSF 2J).

In order to include the Advanced Computer Graphics (ACG) module within the Business Infarmatio
Systems course, mark the root folder of the module resource room and from the pop-upmteu f
Modules folder within the BIS resource room, selédd Bridge to Marked FoldeénWhereas the previous
bridge you created only provided a pointer to the external resource room fapddewant to actually
include the ACG module resource room within the Modules folder in the BIS resmowe (CSF 2K).
Once created, the link between the course room and the module room will appear almosssaetoveng
students on the BIS course to stay within the course room but access all theesathin the ACG

module.

Finally, in order to locate all the resource rooms owned by the School of Computer Syodiesgarch
through the organisation from the search form, locate the School of Computer Studies and frguaughe po
menus selecBhow Resource Roormg&ach teaching module has its own resource room listed, and you are
able to find contact for each by selecti@gw Owner Infd from the pop-up menu for each relevant module
resource room (CSF 2L). You include them in your BIS course room by creatingsasggeu did for the
ACG module.

A Student Following a Pre-Defined Course

As a student on the Business Information Systems (BIS) course, Maria is abdetihe BIS course room to
access documents that are particular to the course and the documents for each module contained therein.
Each module has its own resource room, but the use of included bridges allows Marigdtertae course
resource room and access all relevant resources seemingly from one classifidaitutom has restricted
access to MRA-HE functionality by defining which pop-up menus arblgi$d students using the system.
Maria is presented only with the navigation routes that the tutokghsuitable (CSF 3E). Although each
resource may have annotations or hyperlinks created by many MRA-HE users, Maria isoshottose
created either by the tutor or other students on the BIS course (CSF 3CarSaddcan annotation to a
document by selectingpdd an Annotatiohfrom the pop-up menu for the relevant resource (CSF 3B),
create an entry for the web site she has found in her own workspace by séelttingResourcdrom the
relevant folder pop-up and create a link from a resource to the web site she lasl@as{CSF 3A). This
becomes instantly accessible to others on the BIS course. Finally, Maria ie abledt théView Person
Info’ option from the pop-up next to an annotation of interest to find out details about the craa®r of
annotation (CSF 3D).
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6.2.2 Comparison with Other Systems and Methods

The previous section described how the MRA-HE implementation provides functionality to support the
scenario CSFs. In order to assess the success of MRA-HE in terms of providingraveoindocument
management environment over currently available methods, this sectiorbdsduoiw existing methods
may, or may not, achieve similar functionality and assist in the CSFs previously eeniifihough MRA-

HE was designed specifically to benefit the scenarios in chapter 4, theledsirvassessing how other
mechanisms may perform against the critical success factors identified througlst¢boarios.

Conventional Desktop Computing

Traditional office software products focus on support for the individual in accomplishing work-based tasks.
They provide advanced functionality for document production, manipulation and storagemdaument
basis. General-purpose operating system buffers p&opying and’pasting of existing materials into a
new context. Mechanisms such as Microsaibject Linking and Embedding (OLE) protocol assist in the
inclusion of one document inside another while retaining a live link to the original docuBwdtware
products such as recent versions of Microsoft PowerPoint allow the applicatiomaki@r slidethat
defines an overall presentation to a set of created slides, providimgedliseparation between documents
and their presentation. The resulting document is stored in a foldetust dictated by the owner of the file
space; some office applications permit the addition of document meta-daté @mibtations to the main
document. Current file systems permit the definition of shortcuts or symbolic links that fremefinition

of cross-folder relationships, allowing for multiple classification of documents arttidaeuse of folders
within a number of other folders. Users with access to the same local amegkn@ay access certain parts
of a shared file space, or search across them, allowing them to access documentsnuirehend access to
different drives provides a low level of support for multiple clasdiifice schemes. Across a local area
network, permissions can be set for read and write access to indifiidsia

Conventional desktop mechanisms provide a means to implement a number of thes featliqualities
required by the use scenarios. There are, however, a number of fundamemtbhaks in using a

traditional desktop solution

« Documents andesource rooniswhich may be implemented as sets of work-specific folders,
are accessible only over proprietary networks and proprietary operasigns; precluding
the possibility for widespread access and discovery.

» Although documents and folders may be used elsewhere in the file structure, there are no rules
by which to check the integrity of the file store, nor to ask thettpresvhere else is this
document stored?

» The provision of document meta-data is ad-hoc, and there is no explicit dssdoéitveen a
document or folder and the person or organisational element to which it belongs
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« There are no mechanisms for the separate application of document-related sutiiess
document annotations or hyperlinks.

e There is no notion of an event system to support the discovery of user history trails or to
register interests and receive notification updates

« Although resource-level reuse is possible throegpy and pastend OLE methods, there is
no structure or control over the widespread and distributed use of such mechanisms.

« There is no explicit support for different user types, providing the same interface to all users

Virtual Science Park Resource Rooms

The application of the current VSP Resource Room architecture to the iléniidie scenarios was
discussed in chapter 4. The strength of current resource rooms inngstigtiidentified scenarios is the
ability to define purposeful resource rooms for each VSP tenant that dbouments in groupings that
represent a valuable resource classification for a work purpose. The VSfRlEhartpursuit of the use

scenarios described in chapter 4 are reiterated below.

«  Within the VSP resource rooms, each resource is connected tightlythgitfolder it was
originally stored in, tying the document to its original purpose. The nature of the resource
room information model hinders large-scale repurposing of documents becatlse tiht

binding of a document to a specific (primary) resource room folder.

e The VSP currently supports the addition of lightweight hyperlinks between resamdebe
registration of interests in a particular resource or folder. However, the VSP prowdes
architectural support for hypertext approaches such as document history trails, typed

hyperlinks and annotations. These are fundamental omissions from the curréetanch

e The VSP resource room architecture does not provide a document-model basedhapproac
Beyond the meta-data that the document owner must supply at document cheaklling re
room resources are considered as Binary Large Objects (BLOBs). There is noidristinct
between a resoursecontent, structure and presentation. It is therefore difficult to pemot
reuse of the document resources for more than their original purposes and to perfoent full-

searches across the documents.

» There is no direct link between the resources held within the VSPhandSP information
directory. It is impossible, therefore, to locate information about a dectsnauthor except
through a disconnected text search across the information space. This cmisextsential to

facilitate collaboration once a document of interest is found.
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Comparison using Critical Success Factors

according to how it is satisfied by the relevant approach.

O - the approach is unable to satisfy the identified CSF

© - the approach is able to partly satisfy the identified CSF

Table 6-4 lists the critical success factors identified at the stariso€ltlapter and shows those which are
satisfied by the approaches discussed in this seetibe MRA-HE implementation, conventional desktop
computing and VSP resource rooms. In the following table, each CSF is given a theceasitag

@ - the approach is able to more fully satisfy the identified CSF

Critical Success Factor (abbreviated) MRA-HE Desktap VSP
Computing | Resource
Rooms
1A) manage more than one classification scheme °

1B) associate keywords and descriptions with resou

ces

1C) multiply classify and manage the same docume|

1D) copy resources without duplicating documents

1E) access from a web browser

1F) automatically re-link resources

1G) view who has seen a particular document

1H) view who has expressed an interest in a documeg

2nt

11) find out where a document is classified

1J) control access permissions for reading and editin

1K) find out what documents other people have seer

2A) search the meta-data for all documents in the st

pre

2B) view information about the owner of a document

2C) register an interest in a folder or document

2D) search an organisation for document owners

2E) perform full-text search through documents

2F) create pointers between classification folders

2G) reuse document fragments

2H) retain a dynamic link to document fragments

21) specify a new document presentation style

2J) move resources between classification folders

2K) include one folder structure within another

2L) view information about a folder owner

3A) create and follow links between documents

3B) create and view document annotations

3C) restrict the application of links and annotations

3D) view creator of links and annotations

3E) adapt the interface for different user types

® & O 006 06 6 0 0 0 06 0 0 O 006 06 06 C o o o 0o 0 0 o o o

oo ® o0& & & e ® O O|® @@ |OC|® OO O0|0OC|0C|®@ || e |©

clopoojo®e®sO® OO0 IC®&®|®©| @ O |®@ O |0O|0O|®& || & e

Table 6-4: Satisfaction of CSFs by Three Approaches
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Microcosm - A Modern Hypertext System

The Microcosm project and range of commercial products from the University of Southampton (UK)
represent many years of research in the area of large-scale hypertext managyesect, it is able to offer
robust solutions to a number of CSFs identified in this chapter. Microcosm skgrtietussing on the
provision of a hypertext system that was able to automate linking betwegtnorlc documents within
large heterogeneous document collections. In recent years, dweidgtblopment of this thesis, the scope

of Microcosm has extended to supporting more social aspects of a hypertext systemminitige of
document trails (MEMOIR [DeRoure98], [Pikrakis97]) and the grouping of documerapghcation-
specific collections (Microcosm TNG [Goose97]). Microcosm is able to geoftinctionality not available
within MRA-HE, notably the construction of automated hyperlinks and other hypentchanism such as

the provision of documertburs that end users are able to follow. It is clear that a system that incorporated
all the ideas from Microcosm and its extended mechanisms would be able to serve ranygrifcal

success factors from the scenarios identified in this thesis, but a few natagstonms follow:

e Microcosm provides alumbrella environmenfor documents within its store, which may be
of any type. As such, it provides only a limited document model-based approach, which doe

not emphasise opportunities for resource-level reuse.

« Microcosm provides no explicit association between a document and the organisatibtal
which it belongs. Its emphasis is on making all information available, not on maintaming a
ownership of that information or restricting access to unhelpful rimdion such as

inappropriate document links and annotations.

« Microcosm does not offer a working environment to support day-to-day workthgugh its
work with Pirelli on specifically assisting maintenance tasks [Hall96] points to a single
application for a work purpose. Microcosmprimary aim is on the development of large-scale

hypermedia stores, not on supporting the day-to-day work of the individual sysézm

e Microcosm is not a native Internet product, although a read-only option is availableausing

conventional web browser.

Due to the inability to fully assess a Microcosm product, and becausenét targeted as a document
management system per se, it was neither possible nor advisable its satecess against the identified
critical success factors. Microcosm would rate highly on the hypertext ®@8fFhe absence of support for
focussed work and lack of emphasis on document classification and reuse renttecs eothparison
meaningless. It is included here, however, as a well-developed hypertext systéghlight the way in
which traditional document management and hypertext appear to be converging ugaméhproblem
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domain. Document management systems are developing understanding of document content, while

hypertext systems are beginning to address the social aspects of doclassfication and use.

6.3 User Feedback

In order to assess the utility and usability of the MRA-HE implementation, a number iafipegy user
trials were conducted towards the end of the research period. The aimusiethgials was to assess the
ideas implemented in MRA-HE in terms of their usefulness and usability, so assessing the stdability
further future development. Due to the extensive scope of the demonstrator, it vaesidbat a baseline
requirement for potential evaluators should be an understanding and experience of uging\(BR
Resource Rooms. This baseline requirement allowed the feedback sessions to build ors e aiisey
knowledge and enabled direct comparisons to be made with current resource roomsypewed users

were approached, providing three distinct perspectives for evaluation

« members of the current VSP development team, who have spent three yeang wattkithe
technical implementation of VSP resource rooms and their users.

» lecturers from the School of Computer Studies (University of Leeds) whaierpe in using
existing VSP resource rooris angef® to provide supporting documentation for a number of

undergraduate and postgraduate course modules.

« a member of the Centre for Virtual Working Systems responsible for usability testing and

system evaluation activities for the Virtual Science Park.

Five feedback sessions took place, each lasting two hours and involving a presentation of the aims and
scope of the MRA-HE implementation (reproduced in Appendix C), a guided tour around the MRA-HE
system and a set of simple tasks to perform using the system (Appendix D). Throughout the feedback
sessions the users were encouraged to feedback their thoughts on MRA-HiEy @sebwider issues. After

the feedback sessions each user was asked to complete an evaluation formga#sessiility and
perceived usability of the system, and the ways in which it perforntéet loe worse than the existing VSP
resource rooms. Lecturers were asked how they thought the MRA-HE system wouldabsigértheir

specific needs in supporting their teaching activities, and the other user types were asked to assess how the
MRA-HE would satisfy any outstanding requirements from current VSP tenants. The responsgsfrom
evaluation forms is reproduced in Appendix E. Although a full user evaluation of the ERgystem lies

outside the scope of this thesis, early feedback from the surveys wasagiogu

23 One of the tutors noted how a system can only be assessedgit lisianget - a situation that could not

be fully recreated within the limited evaluation sessions.
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6.3.1 Value of Document Reuse

The first question on the evaluation form was intentionally open-eridedocument reuse currently of
interest to you/your customeisrhe aim of this question was to ascertain each'superceived value of
document reuse. All responded positively, providing a number of examples. The lesawersany
opportunities within teachindor reuse at each of the resource, folder and resource room levels. At the
resource level, both of the lecturers explained how they currently achievel afeeuse through cutting

and pasting existing materials into new contexts, but suggiéisat this was far from an ideal solution. One
tutor cited the case of test papers that remain mostly static but needutei different code excerpts for
different purposes. He noted how this is only currently possible through the creation of a brand new
document each time, creating a great deal of duplication. The VWS research officer alacsoitpte case
whereby the VSP training manual is used across each tenancy but regqoaésmedifications to
contextualise the document within particular tenancies. Both situations call for a doenods based
approach that can treat documents as more than objects to be stodéstrdmated. At the folder level, one

of the lecturers noted that there is a need to t¢aehsame material at different levetting there was
'substantial overldetween the two levels. This represents a clear call to be able tonusersterials in

more than one context. The VWS research officer again cited the VSP traininglmaample, regularly
wanting to know where across current VSP resource rooms the manual was being refeBetited
members of the VSP development team recognised the value in resourcpasicsdarly for the teaching

(model), but also in project management and consultancy

6.3.2 Usefulness of MRA-HE Facilities

Having seen the presentation and demonstration, each user was asited ®facilities of the system that
they had seen demonstrated in terms of how useful those aspects would be, either to théasseliars)
or to current or future VSP customers. Each user rated the following 13 facilitiemmdéusefulness on a

scale of 1 (very useful) to 5 (not at all useful):

a) Enterprise-wide access to documents

b) Internet access to resource rooms and document resources

c) Links between documents and their owners and organisations
d) Hypertext facilities (history trails, annotations and link creation)
e) Typed hyperlinks, trails and annotations for selective application
f) Registration of personal interests and notification of updates

g) Restricted view on documents through Idgalst mechanisms

h) Different interfaces for different types of user (e.g. tutor/student)

i) Discovering new documents
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i) Creation of a new document resource from existing documents
k) Multiple classification of documents
I) Reuse of one part of a resource room within another resource room

m) Ability to support change within the enterprise

Usefulness of MRA-HE Facilities
(5: Not at all useful - 1: Very useful)

5 4 3 2 1

Enterprise-w ide access

Internet access

Links betw een documents and ow ners

Hypertext facilities

Typed hyperlinks, trails and annotations

Registration of personal interests

Restricted view on documents

Different interfaces

Discovering new documents

Reusing existing documents

Mulitple document classification |

Resource room reuse |

Supporting change | ‘

Figure 6-1

Figure 6-1 shows the average usefulness rated for each of the 13 MRA-HEefaciéthonstrated. The
average ratings represent an encouraging assessment of the usefulness of #spekey of the
demonstrator. All users rated enterprise-wide access and Internet accesshigifiyhting the validity of

the move away from localised storage into the ubiquitous networkeédement. All users also rated the
registration of personal interests as very useful, with one user expléiomgwith the increasing amounts

of available information, it is no longer possible to manually track eeegnue of interestHypertext

facilities such as links and annotations received a more reserved response by users, with one of the tutors
expressing concern not over the mechanisms for such approaches, but on the qulétyirdés and
annotations. There was a sense of confusion over MRA-bfility to support change. The confusion is
understandable with the limited scope of the demonstrator, and further assessment of the change
mechanisms would be required if longer-term trials were conducted. Theuksat facility was that of
selectively applying only links and annotations created by people in & tisested peoplelist. The
perceived usefulness of such a mechanism may increase as reuse mechanisms providethecems e
documents from different resource rooms - this is not very easy to show in edlidgimonstration. The

way in which the restricted view is currently implemented independently of othergsésmimechanisms
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made it appear trivial to one of the users; in a future implementation it would fornofpidme overall
permissions functionality, and so may be of more obvious sigmifie. More encouragingly, each of the
three levels of reuse was accepted as being useful, especially the abilitytifgymuldssify a single

document.

6.3.3 Usability of MRA-HE Facilities

The usability survey attempted to gauge from the users how easy it was to perform the sirmoletlasid
and demonstrated during the feedback sessions. In three of the casesttexigsieg knowledge of VSP
resource room functionality and a brief introduction to the differences between the VSP anthBIRA
provided enough cues to allow the user to perform the tasks themselves. Two users, oave\@rpwn
the tasks rather than performing them themselves, due to time restrictioraskaaldto rate the perceived
usability of the system rather than the outright usability. The users ashkel to complete 6 tasks of
varying complexity that used a range of different facilities of the MRA detraips.

Add a document to a resource room folder

Find a document and a contact person

Find out who has read a particular document
Prepare a resource room for a new teaching module

Prepare a resource room for a new teaching course, incorporating a number of modules

2L O

Use the resource room prepared in task 5 as a student with limited functionality

The tasks provided a structured demonstration of a humber of MRA-HE faciitiesiing the users or
allowing them to discover how to achieve each of the tasks intlsgrs were encouraged to describe the
process as they were performing the tasks to provide feedback on thacietanfd general usability of the
system. After completing the tasks, each of the users was asked to ratéothimdofacilities, in terms of

their ease of use, on a scale of 1 (Very easy to use) to 5 (Very difficult to use):

a) Document addition

b) Construction and navigation of resource room folders

c) Navigation of the information model: history trails, document owners, organisationsststere
annotations, links and bridges

d) Creation of a new resource from existing documents

e) Multiple classification of a single document

f) Reuse of one part of a resource room within another resource room

Figure 6-2 shows the average usability for each of the six MRA-HE facilised while completing the
tasks. Again, the results are encouraging. While not targeting all of the MRA-HE fundyiothediselected
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Usability of MRA-HE Facilities
(5: Very difficult to use - 1: Very easy to use)

Document addition

Construction/navigation of resource rooms

Information model navigation

Reusing document parts

Multiple classification of documents

Resource room reuse

Figure 6-2

facilities aimed to highlight a typical range of user functions. The most conumimment on system
usability was the need to provide training to use the system, although a brief tour of the system and the
demonstration of context-sensitive pop-up menus provided most of the users with enough cues to proceed.
A noticeable problem with copying and moving documents was highlightéedd of the sessions: the
MRA-HE notion of'copy was expected by some to create a new copy of the resource, whereas the system
actually creates a link to the original document resource. It was sadgbstt a change in terminology

would assist clarity on this point, but that the mechanism of multiply classifying a single doauasent
valuable.

Of the six facilities rated, information model navigation and resource rease received the worst scores.

One of the tutors suggested that the richness of the information rinoidét take time to become
comfortable withand that it should be tailorable to avoid confusion. MRA-HE is already able to do this by
removing navigation options from the relevant pop-up menus, but this could not be shgwyithati the

time scale of the feedback session. The resource room reuse process was ctmfusisigof the users,
particularly the option to either point to one folder from another or actually inclodefader within
another, creating a more seamless integration. The confusion was similar to that eadodnoterg
implementation of current VSP resource rooms, but should become easier with an improved interface - from
its usefulness rating, it is obviously useful, but not easy to implement easily. The resource-level reuse
process was better received; its inherent complexity and novelty preventad ibvdingvery easy to use

but an overallfairly easy to uses an encouraging indication that the reuse process is understandable.
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6.3.4 Overall User Ratings

At the end of the feedback session, each user was asked to providgalhrating for a number of aspects
of the MRA-HE implementation. Each user was asked to rate the followingms tefran overall rating on
a scale of 1 (Excellent) to 5 (Very poor):

a) Ease of navigation

b) User interface

c) Presentation of information

d) Document reuse mechanisms

e) Ability to support distributed and diverse teaching needs

The overall average user ratings are shown in figure 6-3.

Ovwerall User Rating
(5: Very Poor - 1: Excellent)

5 4 3 2 1

Ease of navigation

User interface

Presentation of information

Document reuse mechanisms

Ability to support teaching

Figure 6-3

The overall user ratings are very encouraging, with the limited amount of timin¢hasers had to become
accustomed to the newer elements of the user interface and added functionality. The use of pop-up menus
was popular, if a little confusing initially to one of the VSP development team. The separation of the
resource room structure from the resources stored within each folder waassaanimprovement over
current VSP resource rooms, providing a persistent context for the other information displageinal

aspect, the ability of MRA-HE to support distributed and diverse teaching needs, was a little too open-ended
to obtain a realistic score. One of the tutors rat&j highlighting the difficulty in rating a system on such

a broad objective in such a short time. Comments on the teaching support aspect were, however,
encouraging'the potential is clegrthe potential seems to be thigfie has the potential to be a component

in a very powerful systeinOn the three types of document reuse, comments were more concrete and

positive. One of the tutors commentedan envisage using the reuse facilities at all three levels. They all
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worked as | would have expectedNone of the users were negative about the reuse mechanisms
implemented, although one tutor noted that a move beyond supporting more than onenttbgesavould
considerably complicate the reuse process. Overall, reservation was exmresséte amount of time it

would take to realise the true benefits and pitfalls of MRAsHEoOre advanced features.

6.3.5 Perceived Strengths/Weaknesses over VSP Resource Rooms

As regular users of current VSP resource rooms, each user was asked for their perceigéts stren

weaknesses of MRA-HE. A list follows of the opinions expressed:

« The MRA-HE interface is less cluttered than the VSP equivalent

* Generally, the MRA-HE navigation is improved, although there arktisties when a user
might feel lost

« The information model may be too rich for some applications - perhaps it should be tailorab

« Links from documents to their owners provides functionality above that currentlylaeaila

* The use of history trails satisfies a demand that has been made by some existingr¥SP use

« The simple personalisation of the interface is a strength over the VSP

« More use of newer technologies allows more to be done on the client without server
intervention

e The ability to view documents in the browser reduces the need to wait forigtaopr
document viewers to start up on the client machine

* The possibility of addressing resources at the sub-resource levdear advantage

* The reuse of fragments and recombination into a single resource is a clear strength

« The management of documents that are multiply-classified within MRAsH&Sier

* MRA-HE is definitely more flexible than VSP resource rooms

« | believe it could open up new ways of doing things as well as making cursist reore
efficient

* 'The MRA supports not only the exchange of formalised and codified kngglgdg. in the
form of a research report) but also promotes informal interaction and the exdfanfgemal
knowledge... the opportunity to explore (information) is based not on location or content but

on implicit recommendation, social factors, etc.

The only common weakness identified during the user feedback was antynabiprovide a proper
evaluation in such a limited time scale. Doubtless other, more concrete weaknesses would surface during
more extensive trials: one user declined to list any perceived strengths or weakneswsetindedimit.

Overall, however, user feedback suggests that the ideas behind MRA-HE represeneingmts over

current resource rooms and that all three types of document reuse are well foundee atial Ipetseful .
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6.4 Implementation Architecture Assessment

This section briefly assesses some of the design decisions taken during the implemehtlRA-HE and
the ways in which they help to realise the critical success factors identified atthefsthis chapter.
During the feedback trials the current VSP development team members were ablede feesback on
lower-level implementation issues, which have been incorporatedhigtaliscussion. The author is also
well placed to assess some of the technical decisions made durigg, desving implemented the

demonstrator system.

One of the lower level decisions made during the design of the implatioenarchitecture was of using
XML and its related standards throughout the MRA-HE implementation. Aside from tatdiffeculties

from using new technologies, the decision to go all-XML was successful in providing the required
functionality. XML is able to represent both the document files that form the dotistoge and lower-

level information such as personal contact details. At no time in thkemnentation process did a decision
have to be made to convert from an underlying information model to a docunmemepkesentation,
because the document/database divide was never established. Personal arfdinmratiwhich relevant
details could be extracted in a data-like manner was the same data that quagddzedirectly to the client

for display. The manipulation functions provided by the DOM API were more than saofffoiethe needs

of the server in both storing the entities and manipulating the relationships of the underlyingiitiorm
model. The XML implementation of the MRA information model provides a loosely couptaankeof
entities with no enforced primacy. This facilitated the provision of amybrer of classification schemes
(CSF 1A), the flexible classification of a single document entity (CSF 1C, 1D, 1F, ,12J2RK) and
support for a number of socially-oriented document approaches: document ownership, vy hist
annotation, links and personal interests (CSF 1G, 1H, 1K, 2B, 2C, 2D, 2L, 3A, 3B, 3D). This loosgcouplin
is well suited to the networked but dynamically evolving nature of MRA infionanodel, and further
facilitates the selective application of mechanisms such as annotations and links (CSF 3C)

As a client-side technology XML was also found to be both workable and beneficial, pgo¥idin
functionality through a standard web browser (CSF 1E). Through the application of XSL stideghe
basic XML documents, the client was able to apply presentation and behaviour to raw XML for the end-
user. The simple definition of rules within the XSL stylesheet created opportunities for lightweight interface
customisation (CSF 3E) without the need to adjust the MRA proxy server imphgioanin any way.
Client-side manipulation of the XSL stylesheet also provided lightweight solutions to ddcanaerng on
particular attributes (author, title, date authored, etc.) and in providing effective @faglisplaying

documents, either all at once or one slide at a time.

All three levels of reuse were assisted by XML. At the resource level, tlity tdorefer to a sub-document

fragment facilitated the construction of new document content and stridobanefragments using the
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Document Object Model (CSF 2G, 2H). The separation of document presentation from content and
structure allowed the consistent application of document style (CSF 2I). At the lialdeXML provided
multiple entries in the resource classification catalogue for a multiplgifiteds document - this was a very
straightforward but powerful mechanism, allowing a user to find out what documentslassified in a
particular folder and in which folders a particular resource was classiietthe resource room level, the
ability to embed one XML object within another enabled the seamless embedding of one resamarce
structure within another. The XML namespace mechanism was used effectivelydaduogss conflicts

when one classification was being included within another.

The layered implementation architecture provided a manageable and extengéhgpmient platform for

the MRA-HE implementation. Underlying entities and relationships were modelled in XML an
manipulated by a set of services, each of which performed a small set of operations on the underlying
information. The event services operated on the XML-encoded event poolahaippended by each of the
significant document services, offering an asynchronous service additiotte synchronous document
services. New services can be independently added to the document servicandageled by updating

the XSL files that dictate user interface functionality. The overall loose coupling of entities and modularised
document services makes the architecture extensible and suited to the dypachigaiing needs of
enterprise document management and to selective views on the comnmoratido store. For performance
reasons it became necessary at times to create new relationship files suclowastoatalogugewhich

were generated automatically by mining the resource catalogue fdowhd meta-data elements and
building them into a single file. In terms of supplying the task-based benefits describedtatttio¢ this

chapter, the XML-enabled layered architecture provided the following mesrhani

In terms of the scalability of the XML implementation, larger-scalestieate been conducted by importing
existing VSP resource room structures and content into MRA-HE using the datatiatetgral described

in the previous chapter. It is evident that loading XML directly from text files fcgiit at the client, but

not so suitable for larger XML objects on the server, particularly theirescatalogue which contains an

entry for each resource within the system. There is no need, however, to revert to a non-XML mechanism -
merely to provide an XML database on the server that can more quickly aagese XML structures. This

is an interesting piece of future work, discussed again in the nexiechap

6.5 Conclusion

This chapter has described a range of evaluation methods used to assess the MRA-HEfatj@emé

the Model-driven Reuse Architecture. As a preliminary implementatioheoMRA, the MRA-HE system
was tested against a number of critical success factors identified fronohcsete scenarios, and proved
able to provide solutions to almost all of the CSFs identified. A comparison was made with twigexisti

environments to perform an assessment of how the MRA-HE implementation impoaveurrently
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available methods. A set of preliminary trials with existing users of VSP resource roomdegdrov
encouraging feedback on the design decisions made and the usefulihessystem to their needs. Finally
as assessment was made about the design and implementation of MRA-HE, highlighting thenh&fs i
XML and the layered model-driven architecture assisted the scenarios. Thehagxer builds on the
success of the MRA-HE implementation to suggest ways in which MRA implementations mdg b ab

satisfy domains other than higher education.
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7. Conclusions and Future Work

This thesis has described an investigation into how documents may be better manageuhweitiénprise,
placing emphasis on the importance and value of document reuse. Building on current timdlérigtng
systems, it has described the increasing value being placed upon an orgasidatiament resources and
investigated ways by which organisations may capture that value to their benefit.tiiteeaialocument
management is very different to that of more structured information rearead, containing less formal
structure and implicitly encompassing more social aspects. This final climptes conclusions from the

investigation undertaken in this thesis and points to ways in which this research mayflettet work.

7.1 Documents and Organisational Memory

Documents form a high percentage of the total amount of information held within an organi8ation.
organisations aspire to becoming learning organisations there are pressing demathes efibective
management of those documents. Some office computer systems providaditlehan the creation of
page-oriented document files and limited distribution of those electronic files within the bounds of an
isolated part of an overall organisation. More recently, corporate intramgtwarkflow tools have begun

to assist the wider distribution of such documents, but the focus remains on the document as a black-box
object that is stored, retrieved and passed around the organisation between people who understand the
purpose of such documents. This thesis has argued that there is a need @map¥eom traditional
integrated document management methods towards document-model based approaches. This will
significantly assist in the retention and reuse of the overall agaonal memory. While mechanisms such

as the application of document meta-data and co-ordination technologies @ablerah potentially
describing and transporting documents within the organisation, they are not sufficient. Breshtme

argued that there are additional benefits in managing documentspkegmbjects with a clear separation

of content, structure and presentational aspects. As structured obgEmiments differ from structured
information only in granularity, not in nature. Their suitability for automated mdaiion has been
investigated through an approach that permits both human consumption and automatetepprveathe
common document store. This is increasingly important with thenelof documents that form part of an

organisational memory.

7.2 Influence and Motivation

Beyond an investigation into the nature of documents and how they serve organisations, this ghesis ha
described a number of approaches that assist document managemeeteattdédfels. Chapter 3 described

the aims and development of the DEF STAN 00-60 (DS0060) document architecture for the UKyMinistr
of Defence (MoD), which formed a foundation for the Model-driven Reuse Archigeciitve limited aims

of DS0060 were to provide mechanical methods for the reuse of documeragrags the military domain.
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Its primary motivation was the reduction of costs by minimising duplication and the need to provide pape
publications for specific purposes. While its reuse mechanisms weredirtfie architecture developed an
effective common source database from which publications (views) could be built for specific putposes. |
also provided an emphasis on the construction of documents from sub-document components, each of
which was coded according to the purpose it served. The DS0060 feasibility study reported in chapter 3
demonstrated the validity of the layered architecture and the potentthkfaonstruction of task-specific
documents from collections dhdependertdata modules. The limited scope of DEF STAN 00-60 made it
deficient in a number of ways that would make the architecture useful toes-$¢asctured and more
dynamic organisation. Specifically, DS0060 was designed for completeness and for a finnjtede,

unable to explicitly support change within the military equipment it served.

In order to extend the ideas from DS0060 this thesis considered a second domain - thpomihgup
teaching and learning at higher education. An enterprise engaged in such a donminchasroader
document management requirements and is much more person-orientéitetpanduct-process focus of
DS0060. The scenarios used to capture user requirements were based on the need to peofledeéhbeor
teaching models than traditional university practices currently allow. drtiversity was identified as a
suitable enterprise requiring improved document management to sttisBried teaching requirements.

The particular user needs of supported learning in higher education identified were the accurate collection
of a set of candidate learning resources and the selection of a subset of thasesds satisfy a particular
learning demand. This provided tldiscovery and reusaspects that are examined throughout this thesis
and new Model-driven Reuse Architecture proposal.

It became apparent from a review of the research literature that hypertext approaches suse as th
developed in the Microcosm product were suited to the document discovery process for a number of
reasons, outlined in chapter 2. The Model-driven Reuse Architectureesagdd to overcome many of

the deficiencies present in DS0060 and incorporate change, hypertehdnisens and explicit support for
document discovery and reuse within the enterprise. The local availatbiMiytual Science Park resource
rooms provided an organisational focus to the architecture, emphasising documenhipammihsn the

enterprise.

7.3 MRA and MRA-HE

Chapter 4 described the design of Model-driven Reuse Architecture, based dwsihess object
framework architecture. Its high level requirements were identified usiegtended DS0060 scenario and
scenarios that identified three person roles within the domain of learnimighier education. The MRA
framework architecture in chapter 4 led to an implementation specific to the dofrragher education.
MRA-HE (Model-driven Reuse Architecture - Higher Education) was implemengidg ua web
server/proxy server/web client paradigm. With justification, XML and its related stsmdeere used
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throughout the implementation to provide the storage, manipulation and delivery of documents and
associated information. The MRA-HE demonstrator was evaluated inech&pt terms of its success in
fulfilling the identified scenarios and improving on existing methods. Utility and usability feedback was
also obtained from existing users of VSP resource rooms, providing a valuable and gdsigiwe of the
system and architectural aims. The intention behind developing a domainespapiftmentation of the

MRA was to create a tangible instance of the overall architecture for evaluatioosesirpVhile the
evaluation focussed specifically on the MRA-HE implementation and the depegific scenarios, it is

clear that many of the MRA ideas are applicable to other domains.

Although it has not been explicitly shown, the DEF STAN 00-60 document architecture is a suhset of
more general MRA. The organisational and hypertext elements of the MiR#dwot be used, but the
ability exists within the MRA to store low-level documents and construct publications from lisnitsets

of those documents. One resource room structure would represent the product and prakdesref
the data module code (DMC); others would represent existing output specifications inrtheffo
chapter/section/subsection publication (IETP) structures. Data modules would be input vi®@he D
resource room and task-specific publications would be accessed from arfytib@dET P resource rooms.
An MRA implementation would provide users with a richer information envirotriferequired and
publications could now be viewed in a standard web browser rather than having to use anegiakkiv

viewer.

7.4 The Role and Advantages of the MRA

The first two chapters of this thesis outlined some of the broader demands on organisatidter to be
manage and reuse their document resources. This section returns to the demandbafitan 1,
highlighting some of the specific ways in which aspects of the MRA nwgtdbese demands.

Increased desire to manage knowledge within the enterprise

Organisation memories are motivated by the desire to preserve and share tfeglgaand experiences
that reside in an organisation [Sumner98]. Returning to Koulopsuttefinition of a document da
collection of information, authored for the purpose of transferring and preseikmogvledge
[Koulopoulos95], documents can clearly assist in making explicit the iinpliganisational memory. A
number of features of the MRA make it potentially useful in assisting the process of digaalsa

learning:

+ the MRA is able to provide distributed access to an enteipdeesument store, accessible
from any point of the organisation with standard Internet access. Digélycits use of
XML/XSL for document mark-up and presentation permits advanced viewing behsinica

standard web browser.



127

» the MRA is able to perform a search across all documents, organisational units and document
classifications to locate resources relevant to a current need. The association letween
document and its owner and multiple classifications presents new opportunities fo

collaboration and document discovery.

+ the MRA provides localised classification views of documents, enabtiagstorage and
retrieval of documents according to an understood classification scheme but not precluding
the possibilities for cross-classification document discovery. The useultiple resource
rooms is similar to current VSP resource rooms, but the BIR#ovision for multiple

classification emphasises resource rooms as views on an enterprise-widedbstore.

» the MRA supports documents marked up in semantically rich XML to retain a level of
semantic meaning. Although MRA-HE provided only one document type for simplicity, an
organisation would be able to define any number of document types that may represent
document purpose. An explicit representation of document types enables a levelroédobc

content manipulation not available from more proprietary document formats.

« the MRA event service provides user notification of changes to the @éntwtore according

to the usées expressed interests and ensures integrity of the document store.

Increased variation of products/services

Increasing variation across a range of products or services inevitablysesréee amount of duplication

that needs to be managed. The MRA assists in the reduction of such duplication througkisienpof

views on a common document store and the use of multiple resource room classifications. Only those
document components relevant to the current need are displayed, lodhlésinfprmation for a particular

need. At a lower level of abstraction, the MRA provides the ability to constavetdocuments from sets

of existing sub-documents, while optionally retaining dynamic links to the source documents.

Distributed working

At a basic level, distributed working highlights the need to giewdistributed access to the same document
store. Such a need can be satisfied through the provision of vaderatworks or an intranet. There is also
a more complex situation, where disparate teams working for the same enteiifirisaves their own
working practices and ways of classifying and storing informatidre MRAs use of XML provides a
structured mechanism by which representational diversity may be managed acamésatians. In order

to support contextual diversity a system should support a local language and conteptreetgnise the
relationships between these local languages. The MRA can assist this saesareei way through the

provision of a number of localised resource rooms that provide a view on the calomonent store. The
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multiple classification of documents or use of classification bridges would assist thab#itilof

information across classifications.

Changes in working patterns

Modern organisations face constant change at all levels of the entegueatng the need to adjust
information systems used to support the organisation. The MRA supports change by providing a model-
driven approach whereby the underlying information model is able f@t adthout needing to adjust the
higher-level document services. The MRA is able to support change within #img ehtities it models -

the organisational structure, classification structure or the allocatio documents to a particular
classification. Although predominantly a synchronous architecture, supplying respmngser requests,

the event system is able to perform integrity checks across the yindariodel. Two examples follow,
illustrating the way in which the MRA event service is able to maintain document integrity across the

enterprise.

« If someone leave the organisation, the MRA is able to adjust the ownefghigdocuments
they currently own to retain the documents within the enterprise

» If a user deletes a document that a number of resource rooms point to, each affextezkr
room owner is able to make a copy of the document locally, taking ownership ofwhe n
document instance. This reduces the chances of a user losing an impstamte, without

incurring the need for each user to make their own copy from the outset.

Long-term storage

Some enterprises produce and support products or services that span many years. NMitltang,pfor
example, have a typical lifecycle of 20 years [Brooks94] - far longer ttiaplanned support for current
versions of word processors. For such products, documents printed on papepbttially much longer

useful life span than the equivalent electronic version. It is the aim of DS0060 to replace paper-based
support with documents represented in ways that will outlast any single generftvord processors. In

the same way the MRA supports documents marked up in XML, reducing the nedy do any single

technology with a limited shelf life.

7.5 Support for Reuse

The primary novelty of the Model-driven Reuse Architecture is its support for reusesaurce,
classification folder and resource room levels. Using XML as the represeafatanguage for the
documents it stores, the MRA is able to address document fragments and providé sxmtiort for
document creation from existing fragments. Placing an emphasis on the multiple ca#ssifiof

documents across resource rooms permits a higher-level reuse whereby a docaytes reused for more
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than its original purpose. At the resource room level the MRA is able to mhkke wlassification
structures and their documents available to other resource rooms. THeXiME t represent documents
and resource rooms promotes the ability to represent networks of documents and resoufoéders that

are able to assist the diverse and changing needs of an organisation.

7.6 Future Work

This thesis has described the development of a document architecture that emphasisesethof
documents, document parts and collections of documents. The loose coupling and abstractibiiRéf the
layers makes possible the future inclusion of other research or commercial doenarergement and
hypertext aspects. The ideas and aims underpinning the MRA also highlight a numbes affdreure
work which require further study if document reuse is to become an integral pant @fganisatids

document management strategy.

7.6.1 Extensions to the MRA

The extensible nature of the MRA enables a wide range of future work tedpdrated at all layers of
the architecture. This section briefly highlights possibilities for extension of the MRA using methods
products currently available.

Extended search

The search service implemented within the MRA-HE demonstrator performesicasipatax search across
documents, organisations and resource room structures separately. Future MRA implensentat
extend this basic search to combine searches across a combination of thes bueifels to elicit more
relevant results or results that may not be discovered at all using a basic seareRample, a set of
teaching slides describing some aspect of virtual working environmentaghapntain the phraséartual
working environmentsbhut may be stored under a classification that did contain that phrase. If a aser wa
searching forvirtual working environments user modél may be useful for the system to return any
documents that contain the waotger modélwithin any classifications that contains the phraggual
working environments This two-phase search may in turn uncover more appropriate documents by
searching document content and the document context provided bycesoom classifications. Similarly

a search across document content and organisational models may reveal a fmbreusé candidate
documents by limiting the search to only those documents owned by a particular partrgattigation.

Future work in searching for relevant documents for reuse may also include tlieradélinformation
retrieval methods such as a dictionary or thesaurus-based search to elicitduitdigle documents from
the document store. More complex semantic searches currently performed by cahsysteims such as
RetrievalWare from Excalibur could also be incorporated as additiengces at the document services
layer of the MRA.
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Extension of document mechanisms

While the MRA provides hyperlinks, annotations and document view trails, oth#atd@adocument
mechanisms could be easily incorporated into the overall architecture tovienpavigation or document
discovery. Currently available examples include the document clustering techniques tleedyper-G
research project, document tours such as those implemented in Microcosm and doatomanerelation
such as that available with British Telecendasper product. Any or all of these mechanisms could be
added to the MRA, providing extra means of navigating the document store fipirgdpaths through
documents, or assisting collaboration by recommending people or documents. Automated limksmecha
such as those available within the Microcosm architecture could also be added asnand®rvice,

adding links to the separate resource link catalogue based on similaritiesimeticontent.

The loose coupling between the stored meta-data at the document absteaioand the processing
methods at the document services layer allows each element of meta-data to be used tbarmone
service purpose. Document trails, for example, are currently used to allow @ tsektrack through the
documents viewed and to find out who else has viewed a particular document resoneve.s@rvice
could automatically provide pointers to information about people who have seen a particutaedbby
searching the same document trailbase, reusing the information originadtgtedlifor other purposes.
Although some new document mechanisms would be able to directly manipulate the informatitsn mode
already defined within the MRA, others would require the creation to ebata structures at the document
abstraction layer. If document clusters were to be implemented, for exampl®, sehof meta-data could
be created that described which clusters a particular document wadetiagsifer. Each cluster would be
represented as a first-order object with its own attributes, in the samaswdgcument annotations and
hyperlinks are first-order objects in the current MRA. Services thaatpen the document clusters would
be implemented at the document services level, retaining the abstilaggonof the current MRA.

Version control and permission model

It is clear that extensive version control and permission mechanisms Wweulequired if a commercial
implementation of the MRA were to be undertaken in order to maintain integribgsathe distributed

store. These mechanisms were deliberately omitted from the MRA demonstrator libegus®e already
studied and represented in other systems such as the Virtual Science Park anddbleeatesstures were
considered more valuable to the thesis. Versioning and permission mechamisids however, be
implemented within the MRA as new document services on the proxy server andogadbesting services

to complement their operation. The permission model would nbt ioworporate access rules for
documents, but also for classification structures, annotations, hyperlinks and all other document

mechanisms used, to limit the bounds of hypertext and restrict access to confidentially sensitive
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information. The versioning model could similarly be applied not only to documents but alsyp adher
aspects of the MRA business models for which change managementitgeced valuable.

Extension of the event system

The current MRA event system permits an alert service to its users and pértedrity checks across the
document store. The event system represented within the MRA-HE imphltioangaimed only to
demonstrate the ability to incorporate an asynchronous model within an essentieliyospus request-
response architecture. The event system could be easily extended in the futureptorabeadditional
integrity checks or more detailed workflow models such as those availahlerémicgroupware products
(e.g. Lotus Notes). It may be desirable, for example, to send a notification tm @ff users when a
document has been added to a particular resource room folder regardless of whether thdseveisers
explicitly expressed an interest in that folder. It would furthepossible to create a rule that each user in
that group should read the document before the document was con&deegdet- in this scenario the
event service would access the view history to assess the documents readership to date by the group

members.

The MRA integrity service demonstrated by MRA-HE is intentionally limited in its scope, butrendy

able to highlight updates to documents and classifications that a user relies on in some voag. A m
thoroughly designed integrity service would be essential in enabling enterpdisesharing and reuse.
Without such a service users may lose access to documents or document pahsirtltanstructed
resource rooms depend on. A suitably well-developed integrity service, for example, taiay ae
document marked for deletion until the owners of its dependent documents or classificati@tsedad

upon the proposed deletion. For each user affected this may involve a search for a suitable replacement
document or the creation of a local copy of the deleted resource fitineed use. It is clear that an
effective integrity service encouraging reuse would need to define a wide ramgeicies to retain

integrity across the document space, while upholding the ultimate ownership of a document or

classification.

Improved interfaces

Within the MRA-HE implementation the user interface is generated on the client madiimg XSL
stylesheets applied to XML information, retaining the semantic of that information throughoutdgerst
This approach lends itself to the simple application of improméstface mechanisms as they arise. At a
simple level, user interface components such as the Hyperbolic Tree from Inxight SSfiveare permit
more than a one-dimensional hierarchical view of resource room structures.imflerestingly, a virtual

world environment could be applied to the MRA by converting its XML structures into VRMichrim

24 http:/lwww.inxight.com/ (Last verified 8th March 2000)
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the same way as they are currently converted to HTML using XSL stylesheets. Hratiganof the
interface at the highest layer of the architecture also prepares the MRA for the expected inctiease i
variety of user clients, as mobile business and digital television become agargeif the overall web

client market.

Collaboration

The MRA currently provides access to document content using a standardomedetand the HTTP1.1
web protocol. A common requirement is the ability to work collaboratively on such datsin@n-going
work on extending the HTTP protocol to support collaboration (WebBAWhitehead98]) could add
much value to the MRA, which currently has very primitive methods fitingda document on-line. The
MRA could also include on-line collaboration tools such as those cuwrr@wdilable within the Virtual
Science Park, allowing users to communicate through third-party video-confegeshbared whiteboards

and application sharing.

Document type management

The MRA-HE demonstrator was implemented to manage only one documenrtggtseof teaching slides
containing simple bullet lists. The use of only one document type permitted the iempégion of the

overall architecture without becoming involved with defining low-level translations betwlecument

types. The MRA recommendations, however, promote the use of as many dbtypesras are necessary

to support the work purposes of the user community. Document type definitions (DT42sibeethe
composition and imply the purpose of a document, adding structure to the document content. An extended
MRA should support a range of document types and, more powerfully, provide a mappingnbetwe
document types so that information may be extracted from one document type and reasiedfodly in

another.

Scalability

The MRA-HE demonstrator was implemented on a single server performing the roles of hdiRAhe
proxy server and the storage server. It is evident that a system targetge aistributed organisations
may require a level of service not attainable from a single server, andgtndtuded storage and
processing may be required. Although not proven in this thesis, the modular nature of the proposed
architecture should enable a scalable implementation across a number of seiees The use of
standard XML files and the HTTP protocol throughout the MRA-HE implementation should allow
distribution of both the underlying data and the document services that act upon thatstatabke MRA
implementation may, however, require an additional focus on data replication and coordlh&tialso
clear from the initial MRA-HE implementation that a more efficient storage meshamould be required
for increasing amounts of stored information, maybe through one of the recently-developed XML-enabled

databases.
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7.6.2 Related Future Work

During the development of the MRA it has become evident that a number efiratatas of research may
complement future versions of the architecture. This final section brietlipesi some research problems

that could further assist the aims of the MRA.

Enterprise modelling

The research literature describes a great deal of activity in the area of modeléirise activities and
processes in order to support cross-enterprise information systems. Entenpdsding is currently
undergoing investigation at various levels of granularity: Carole Goblerk [Goble94] is concerned with
the low-level assumptions that can be made from the currently known infornaaiiorules of deduction
that can operate over that information. Using the restricted domain of neetlieimim of Gobls work is
to create more information than has been manually entered through deduction. At ralénghef
abstraction a number of projects (e.g. the Enterprise Project [Stader96], the Toronto Virtuptignte
(TOVE) [Gruninger96], the Holonic Enterprise Modelling Ontoldg#EMO) [Presley97]) are concerned
with enterprise modelling, taking an enterprise-wide view of an organisation. Anatedgenterprise
model provides a coherent picture of the enterprise and supports efficient mantgémter-operations
[Fillion95]. These projects aim primarily to model the enterprise for the purpose of halistigsis and
process re-engineering, but also point to the possible use of the resulting models in suppiernise-

wide information systems.

By associating documents with appropriate parts of an enterprise model it may be posssbigrt some
level of cross-enterprise classification to documents, much as individu&tacussed resource rooms
classify documents within the current MRA. The longer-term aim of enterprise snisd& incorporate
change into the models, creatindigng enterprise modé[Whitman97] that can be used to support any
number of enterprise information systems. This presents an exciting opportunity for the Meelel-dr
Reuse Architecture to use an enterprise model not only to store and access documents osidgl that

is common across the enterprise, but also to manage the effects onthedbstore of change within that

enterprise.

Versioning and document ownership

Although the previous section claimed that methods for supporting document vegsemei already
studied and represented in current document management methods, this is ordy warsiébning over
relatively fixed documents. David Levy, however, points to the inherent fluiditjoofiments as they
change to describe an ever-changing world [Levy94]. Whenever a docahzemges it may be seen either
as continuity of identity or as the creation of something new and differdr@n\& document is constructed
from a number of smaller documents, each of which may undergo versidnimgrablem is exacerbated.

A set of teaching slides, for example, may contain single slides frammber of other sources. If one of
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those sources is updated the change will impact all sets of slides whidh that source is used. As a
result the set of teaching slides has changed and may or may not be deebeed thew version.
Furthermore, if the changes are significant the new set of slides magaynot be considered a new

document altogether rather than a new version of the same document.

It is clear that a new versioning mechanism is required in order to make document réesecabtirce
level an attractive and controllable proposition. There is an apparent need to develoyersiemng
model that is far more adaptable than existing mechanisms, able to model theivauliistinction
between a new version of the same document and a first version of a new docuachafigao support

versioning at both the document and sub-document levels.

As documents become reused for new purposes and used as parts of other dodomenésnt ownership

also becomes a major issue to be considered and modelled. The explicit reporsaitatdbcument
ownership has been considered a valuable aspect of the MRA throughout this thesis, praxsdingith

a wide range of information about a document owner. As discussed in the previous section, document
permissions were intentionally omitted from the MRA implementatsenall users had full access to all
documents within the demonstration environment. For a commercial implefoantdtowever,
uncontrolled access to the document store would probably not be desirable: users should only be given
access to a restricted subset of information. This raises issues spettiocteation of documents from a
number of document fragments when access to those fragments is restragetkinay. A set of slides in

a resource room, for example, may be accessible to a group of students but a document fragment contained
within those slides may have permissions set to prevent a studentifraing that fragment. Even if a
document fragment has appropriate viewing permissions when it is selected theussner has the right

to change permissions on that fragment at any time.

It is clear that versioning and permission models currently suited to controlling and managjingedts
are not immediately applicable to a document-model based approach sueiidsthwhere a user is able
to access documents at the sub-document level. A great deal of futurbesdrkthese areas to create and
maintain the document integrity and security necessary for a commercially ateegdabment reuse

system.

Changing work practices

The final area of future work lies outside the technical architecture propodad thesis. The DEF STAN
00-60 document architecture described in chapter 3 highlighted the mebdrige working practices as
well as technical practices and to perceive the enteipdseuments in a different way. When describing
the conversion of existing learning materials into electronic form, the Operetdity (UK) has also

recognised added value in rearranging its course structures and creating moraisagstcourses
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[Lincoln97]. During user feedback on the MRA-HE implementation, one of theurérst noted
independently that change would be required to fully take advantage of the poterefakhod the system.
Not the least of these changes is the need for authors to regard documents &vels of granularity

the sub-document level so that document fragments may be used within new contexts. The clranges
work practice required to more fully enable document reuse presents diffieylit problem that David
Levy suggests may be assisted by the disciplines of textual criticism and scholarshi@3[L&he
challenge is upon software architects and business managers alike to recagisaieldocuments as
more than a replacement for paper documents and change working practices to talegadvanew

document management methods.

7.7 Conclusion

The MRA supports the localisation of documents as instances of recognisable social types using a
document model-based approach that places documents within work-specificeesmm classifications

and within the organisation they serve. It enables the synthesis of information, peotie awaik that

people perform, assisted by documents. The separation of a document's content and Byoctiise
presentation and the association of a document to its work purposes facilitate documemtydiseov
purposing and reuse. This thesis has presented an architecture that supports the collediinatico,
customisation and classification of document resources for new @#pss serving the increasingly
diverse needs of learning organisations. Using a case study of supporting learnirtgeimekligcation to

create a domain-specific implementation, the MRA-HE implementation ofitihe general MRA has been
shown to be both useful and usable. Although there exists a number of obstacles to overcama befor
commercial implementation of the MRA can be built, this thesis has argued ¢hatedtd to reuse
documents across an enterprise is sufficient to warrant further investigation ahabdexg. It is clear

that the implementation of a successful reuse strategy across an entdgmésedemands on both the
technical infrastructure and the working practices of the people that éodetin an organisation and its
memory. Only through the careful implementation of properly designed systems withimaveged
enterprises may much-needed reuse become a central theme in a successful corporate document

management strategy.
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Appendix A: MRA-HE Server Functions

The following pages contain a full list of the MRA-HE server functions that are called by the server
script upon receipt of a request message from the user client. Each request message contains two parts:
a request method and a request context. The server script decodes the request message and calls the
relevant service script to complete the request. The service script returns a document of the specified
type to the server script, which returns a contextualised response to the user client. The request-
response process is duplicated below for convenience.

Request
(Message)
\ Service Script
@
c .
User i Server Service Request/
Client 2 Script Service Response
=
’\ / Service Script
Response
(XML file)
Request and Response Process
Request Method Returned Document Type
Request Context Service Request
Navigation Functions
ShowClassification <classification>
classification=X:Y Return the structure of resource room X with folder Y highlighted
person=X Return the structure of the resource room belonging to person X
ShowClassificationList <classificationlist>
<none> Return the list of all
resource=X Return the resource room folders under which resource X is classified
classification=X:Y Return the list of resource room folders to which folder Y within
resource room folder X is bridged
organisation=X:Y Return the list of resource rooms belonging to organisational unit Y
within organisation X




Request Method

Returned Document Type

Request Context

Service Request

Navigation Functions contd.

ShowResourceList

<resourcelist>

classification=X:Y

Return the list of resources classified under folder Y within resource
room X

resource=X

Return the list of resources hyperlinked to resource X

person=X, extra=history

Return the list of resources that have been viewed by person X

person=X, extra=owns

Return the list of resources owned by person X

organisation=X:Y

Return the list of resources owned by organisational unit Y within
organisation X (inferred by summing the documents owned by people
who are members of organisational unit Y within organisation X)

ShowResource

<resource>

resource=X

Return the content and structure of resource X

ShowlnterestList

<interestlist>

person=X

Return the list of interests that person X has expressed

ShowOrganisation

organisation=X

Return the structure of organisation X

ShowPersonList

<personlist>

organisation=X:Y

Return the list of people who are members of organisational unit Y
within organisation X

classification=X:Y

Return the list of people who have expressed an interest in folder Y
within resource room X

resource=X, extra=history

Return the list of people who have viewed resource X

resource=X, extra=interest

Return the list of people who have expressed an interest in resource X

ShowPerson

<person>

resource=X

Return information about the person who owns resource X

classification=X

Return information about the person who owns resource room X

person=X

Return information about person X

ShowOrganisationList

<organisationlist>

person=X

Return the list of organisational units of which person X is a member




Request Method

Returned Document Type

Request Context

Service Request

Navigation Functions contd.

ShowOrganisation

<organisation>

organisation=X:Y

Return the structure of organisation X with organisational unit Y
highlighted

classification=X

Return the strucutre of the organisation that owns classification X

ShowAnnotations <annotationlist>

resource=X Return the list of annotations for resource X that were created by
people on the user’s trust list

Search <searchlist>

searchterm=X, searchresources=yes/no,
searchmetadata=yes/no, searchclass=yes/no,
searchorg=yes/no

Return pointers to the resources/metadata/resource room
folders/organisational units that contain the search term X

User Navigation Functions

ShowDropdownList <dropdownlist>

person=X Return the list of resources and classifications that person X has
expressed an interest in, for display in the top pane

ClearDesk <resourcelist>

<none> Remove all secondary pointers to resources from the user's desk

space and return the list of resources remaining

Reuse Functions

SelectResources

<selectresources>

resourcelist=X

Return the list of all the resources in string X for sub-resource
selection

OrderResources

<orderresources>

resourcelist=X

Return the list of all the sub-resources in string X for sub-resource
ordering

ApplyPresentation

<applypresentation>

resourcelist=X

Return the list of all the ordered sub-resources in string X and all
presentation styles for presentation selection and meta-data addition

GenerateResource

<generateresource>

resourcelist=X, presentation=Y, metadata=2

Create the new resource made up of the ordered sub-resources in
string X with presentation Y and new meta-data Z, and return
confirmation or otherwise




Request Method

Returned Document Type

Request Context

Service Request

Action Functions

AddResource

<addresource>

classificaton=X:Y

Return a request for new resource information to be stored in folder Y
within resource room X

classification=X:Y, file=Z, metadata=W

Upload file X, add metadata W, store within folder Y of resource room
X, and return confirmation

MoveResources

<htmlI>

resources=Z, classificationfrom=X:Y,

classificationto=A:B

Remove all resources in string Z from folder Y within resource room
X, add all resources in string Z to folder B within resource room A,
and return confirmation

CopyResources

<html>

resources=Z, classificationto=X:Y

Add all resources in string Z to folder Y within resource room X, and
return confirmation

DeleteResource

<htmlI>

resource=X

Mark resource X as 'deleted’ and return confirmation

DeletePointer

<htmlI>

resource=Z, classification=X:Y

Remove pointer from folder Y within resource room X to resource Z,
and return confirmation

AddFolder

<htmlI>

classification=X:Y

Return a request for new folder information to be added to folder Y
within resource room X

classification=X:Y, title=Z, description=W

Add a folder with title Z and description W to folder Y within resource
room X, and return confirmation

DeleteFolder

<htmlI>

classification=X:Y

Remove folder Y within resource room X, and return confirmation

CreateBridge

<htmlI>

classificationfrom=X:Y, classificationto=A:B

Add a bridge from folder Y within resource room X to folder B within
resource room A, and return confirmation

CreateLink

<htmlI>

resourcefrom=X, resourceto:Y

Add a hyperlink from resource X to resource Y, and return
confirmation




Request Method Returned Document Type

Request Context Service Request

Action Functions contd.

CreateAnnotation <htmlI>

resource=X Return a request for new annotation information to be attached to
resource X

resource=X, annotation=Y Add annotation Y to resource X, and return confirmation

AddInterest <html>

resource=X Add an interest for the current user to resource X

classification=X:Y Add an interest for the current user to folder Y within resource room
X, and return confirmation.

Deletelnterests <html>

interestlist=X Remove all the interests in string X for the current user, and return
confirmation




Appendix B: An XML/XSL Example

Consider a small address book that stores the name, address and emaiksddnsgs people. An XML

representation of that information follotvs

D1: <addressbook>

D2: <entry>

D3: <name>Dave Smith</name>

D4: <address>9 Thorpe Street, Leeds</address>
D5: <email>dave@dave.com</email>

D6: </entry>

D7: <entry>

D8: <name>Paul Jones</name>

D9: <address>12 Cardigan Rise, Leeds</address>
D10: <email>paul@email.com</email>

D11: </entry>

D12: </addressbook>

The XML syntax is similar to HTML in that it contains textual content betweek-oqatags, but the tags
used are not limited to those provided by HTML — an XML tag may have any name.

In order to view this XML instance in a web browser a corresponding iK&hnce describes the HTML
formatting that should be applied to such an XML instance. XSL gesva language that serve two
purposes: transforming XML documents from one form to anotherspedifying formatting semantics to
those transformed XML documents. The following XSL sample destnates only the first of these - the

transformation of an XML file into an HTML file for presentation.

S1: <xsl:stylesheet>

S2: <xsl:template match="/">

S3: <html>

S4: <head><title>Address Book</title></head>
S5: <body>

S6: <xsl:apply-templates select="addressbook"/>
S7: </body>

S8: </html>

S9: </xsl:template>

S10: <xsl:template match="addressbook">

S11: <h2>This is your address book</h2>

S12: <ul>

! Line numbers do not form part of the file - they are added for clarity



S13: <xsl:for-each select="entry">

S14: <li>

S15: Name : <xsl:value-of select="name"/><br/>
S16: Address: <xsl:value-of select="address"/><br/>
S17: Email : <xsl:value-of select="email"/>

S18: <«/li>

S19: </xsl:for-each>

S20: </ul>

S21: </xsl:template>

S22: </xsl:stylesheet>

The XML stylesheet contains a set of tree construction rules. The tregumion rules have two parts: a
pattern that is matched against elements in the source tree and a templed@dtratts a portion of the
result tree. In the above example, line S2 shows the base template thathedmay default. Upon
activation the code in lines S3-S8 are output. Additionally, line S6ates the second template (line S10)
that attempts to match amyaddressbook> tags within the XML document. Line D1 of the XML file
matches that template, and further HTML is output (lines S11-S20). An addlitide is matched at line

S13 that loops thrggh lines S14-S18 each time it is activated (twice in this case at lines D2 and D7). Lines
S15-S17 specify, for each entry in XML file, a very brief descriptibthe data and the data itself. For
completeness the resulting HTML is shown below - this is proddsgen HTML-aware web browser for

display to the user.

<html>
<head><title>Address Book</title></head>
<body>
<h2>This is your address book</h2>
<ul>
<li>
Name : Dave Smith<br/>
Address : 9 Thorpe Street, Leeds
Email : dave@dave.com
</li>
<li>
Name : Paul Jones
Address: 12 Cardigan Rise, Leeds
Email : paul@email.com
</li>
</ul>
</body>
</html>



Appendix C: Feedback Session Slides



What is the MRA?

» The Model-driven Reuse Architecture

» Extension to current Reading Rooms

» Work purpose and ‘organisational memory’
» Documents as manipulable objects

* Improved document discovery

* Focus on reuse

» Supports change across the enterprise

MRA-HE Evaluation Slides

Document Discovery

 Information model encompasses
— documents and their classifications
hypertext mechanisms

« history trails, annotations, links between documents
(hyperlinks), links between folders (‘bridges’)

document models for document manipulation

« one for each type of document in the store
people (resource owners) and organisations
registration and investigation of personal interests

* Full information model navigation and search

MRA-HE Evaluation Slides




Hypertext Approaches

* typed links between documents and between

resource room folders
— answers the question ‘who created this link’?
— separation of links, permitting selective application

* typed view history
— explicitly managed document trail mechanism
— answers the question ‘who has seen this, and when?’

» typed document annotation
— permits annotation of any document
— answers the question ‘who made this annotation’

MRA-HE Evaluation Slides

Model-driven Document Classification

Who does this
esource belong to?

What is the structure
of this document?

What organisation does
this person belong o9

LI ey
: | want to reuse this
_________ R / slide in a new resource
Document Model

What resources
are classified in this

Where else is this
resource used?

Resource Room 1 Resource Room 2

MRA-HE Evaluation Slides




Reuse 1 - Resource Level Reuse

Document 1 Document 2 Document 3

Parts of 3 existing
documents are reused
to create a new
document for a new
purpose

New Document

MRA-HE Evaluation Slides

Reuse 2 - Folder Level Reuse

Resource Room 1 Resource Room 2 Resource Room 3

e.g. Dave Small's Work Room e.g. SCS ‘Research Room’ e.g. VWE Module Resource Room

A single document is
— used in three different
— resource rooms,
- effectively ‘re-purposing’
the document.

MRA-HE Evaluation Slides




Reuse 3 - Resource Room Level Reuse

Resource Room 3 Resource Room 3

- 1a

Two resource rooms
(or parts thereof) are used
as part of a third resource room.

Resource Room 1 Resource Room 2 Resources from rooms
1 and 2 are immediately
accessible to resource room 3

MRA-HE Evaluation Slides

The Reuse Process

1. Collection
— of existing document resources

2. Combination
— adding an ordering to collected resources
3. Customisation

— application of a new presentation style

4. Classification
— into the new purpose

MRA-HE Evaluation Slides




MRA Implementation - MRA-HE

» Focused on supporting learning
— focus on an overall ‘enterprise’ to be served
— supports person-focused course provision
— currently understands ‘lecture slide’ resources

e Provides views on document store
— power to tutor, restriction to students
¢ ‘Trust’ mechanism for annotations and links

— limits external influence, permits local ‘collaboration’

» Functionality for tutors, ease of use for students
— adaptable ‘low cost’ interface via XML/XSL

MRA-HE Evaluation Slides

Technical Advances

» Increased client-side functionality

— using new-generation web browsers
* Fully implemented in XML

— overcomes the document/database divide

— more natural support for the ‘interconnectedness of everything’
» Explicit support for resource-level reuse

— using document models and applying new structure and presentation
» Resources viewable/editable in browser

— standards-based document mark-up

» Links between resources and their owners
» Two-way typed links, history trails, annotations
» Full text search through resources and change management

MRA-HE Evaluation Slides




‘Next Generation’

Extensible implementation model

— permits the addition of new services, such as automated clustering
of documents, relevance user-feedback

— more document types as required
Scalability experiments

— potential to use database as back-end rather than XML
Document permissions and versioning

— facilitated through proxy-server architecture
Lower-level hyperlinking (when XLL is ready)

Improve interface to ‘drag and drop’
Application of new interfaces (e.g. DiMe, VRML)

— facilitated through the wide use of semantically rich XML

MRA-HE Evaluation Slides

Extensions to the Current VSP RRs

Reuse mechanisms

— new resource-level reuse, improved folder-level and room-level reuse

Business models connect more tightly to the
enterprise

Increase client-side functionality

Typed hyperlinks (‘who’?)

Typed bridges between resource rooms (‘who?’)
History trails (‘who?’, ‘when?’ and ‘how often?’)
Link resources to their owners

Resource annotation (‘who?’)

MRA-HE Evaluation Slides




Appendix D: Feedback Session Tasks



Model-driven Reuse Architecture Evaluation

An MRA implementation for supporting learning in higher education aims to support the dai
fulfilment of learning requirements and the cross-enterprise retention, managementuaadof

learning resources. Currently learning requirements are course-based - a set of students undertakes a
single pre-determined course. The mechanisms provided by the MRA should, however, faciléate mo

student-focussed course provision, whereby courses are constructed from a customised set of resources

The success of the MRA implementation is measured in terms of how it assists the following objectives

within the domain of higher-level education.

1. Improved ability to store and locate relevant documents across the enterprise for specific

work purposes

2. Ability to reuse located documents in a new context for new learning purposes

3. Ability to focus document resources within a localised context for a learning purpose

The aim of the MRA is to extend the document management techniques currently available within VSP
resource rooms. If such a system is to be useful in its aims of reuse, it must both provide improved
methods for the management of document resources across the enterprise (i.e. the University) and
encourage use of the system for day-to-day work. The following tasks are somewhat artificial due to
the lack of real document information within the MRA, but it provides examples of a range of MRA
functions. For the purposes of the current implementation each document resource within the document
store is a set of sub-resources, each of which may be regarded as a lecture slide. Although the range of
MRA functionality can be more clearly shown using only one document type, one of/e¢hall o

architecturés aims is to store and operate over a range of different document types.



Objective 1: Improved ability to store and locate relevant documents across the enterprise
for specific work purposes

Objective 1 represents the day-to-day work scenario of a general user of an MRA resource room; Two

example general usetsare

e an academic maintaining a resource room for storage and retrieval of her resources

e acourse tutor producing materials for a course she is running

The following introductory tasks show how an MRA user can store and retrieve documents for her own
purposes outside the strict scope of producing targeted learning resources for a course.

Task 1: Store a document

You have created a document about reuse in an XML-compliant document editor and
stored it temporarily on your machine's hard drive. Store it in the MRA in your own
resource room under the classification 'Document Reuse'.

Task 2: Find a document and a contact person

You want to find a document in the document store about web servers. Perform a search
across all resource room folders and document meta-data (description, keywords, etc.).
Ideally you'd like to find something about web server administration, and someone who
knows about web server administration. Locate both a document and a person to contact.

Task 3: Find out who has read a document that you have just read

You have just read a document on Neural Networks in the School of CompudiesSt
reading room (SCS Resource Room : Pattern Recognition) and want to find out who else
has read it or expressed an interest in it. Locate the document and find out who has either
viewed the document or expressed an interest in it. This may lead to further work or
collaboration.

Tasks 1, 2 and 3 show that the MRA can be used as a basic distributed store-and-retrievet documen
management system, with additional links to document owners, tracking of other users through the

document space and investigation of interests expressed.



Objective 2: Ability to reuse located documents in a new context for new learning purposes

You are responsible for creating a new learning module and a mini-course partly based on that module.
Task 4 shows how the MRA may be used to find documents that you may be aleléaiotie module

you are preparing.

Task 4: Preparing a resource room for a 'Knowledge Management’ module

An empty resource room has been created for the new on-line Knowledge Management
(KM) course module that you are responsible for. You wish to populate the resource room
with suitable documents. You have created some documents specifically for the module,
and others you may be able to use from elsewhere. A set of sub-tasks follows:

Step 1.Create the following resource room structure

Document Approaches
Hypertext
Document Reuse
Web Information Systems
HTML and XML
Commercial Examples

Step 2.Copy the document about reuse that you created in task 1 iriBothenent Reuse
folder. This involves first locating the resource, then the new folder and copying the
resource into the folder.

Step 3.Find a document about the Excalibur document management product and copy it to
'Web Information Systems : Commercial Examples

Step 4.You need to find a document to describe HTML and the advantages of XML over
HTML. A search yields no directly applicable document, so you decide to combine two
documents for the purpose. Find two documents, one that outlines the HTML syntax and
one that highlights the advantages of XML over HTML. Make sure you bookmark the
HTML document for later use, by registering an interest in the document. Copy the two
documents to your desk space and create a hew document from them (i.e. reuse them) with
a ‘KM Module’ look and feel. You should not include all the detail from each of the
resources - only a couple of slides from each. Copy the resulting document to the 'Web
Information Systems : HTML and XML' resource room folder.

Step 5.Create a link from the new resource to the original document about HTML.

By the end of task 4 you should have a new resource room containing three documents that are
representative of the content of the KM module. You have reused parts of two documents to create a
new document, and reused one of your existing documents (i.e. reclassified it for more than its original

purpose)



Objective 3: Ability to focus document resources within a localised context for a learning purpose

The next task shows how a number of modules can be combined to provide a mimi-Eaungone
else has created a resource room for the 1S14 module, and you want to provide a resource room for use
by students registered on th&usiness Information Systemmini-course that includes both the KM

module you have created and the 1S14 module resources.

Task 5: Create a resource room for the ‘Business Information Systems’ (BIS) course

You already have an empty resource room, and want to include the two module resource
rooms within a single resource room and add an overview document. Create links (or
bridges) to the KM and 1S14 resource rooms from’Medules resource room folder. In

order to create a bridge (link) between two folders, you first ne#&tetnemberone of the
folders andCreate a bridgdrom the other folder. Finally, add a note to timéroductiori

folder explaining what BIS stands for.

Task 6 highlights the student perspective. It provides a limited view on the collected documents,

including only hyperlinks and annotations created by the tutor or other students on that course.

Task 6: Use the 'Business Information Systems’ (BIS) course resource room
As a student, you have access to all the resources within the BIS resource room. Navigate
these resources, create an annotation to one of the documents and view the annotations that

have been added by other students.



Appendix E: MRA-HE Evaluation Forms



_ User Type:
MRA-HE Evaluation Form University Lecturer

Is document reuse currently of interest to you/your customers? Please give reasons why or why not.

Yes, there are many opportunities for re-using teaching materials which are

currently achieved mainly through cut and paste.oddgexample arises from the

need to teach the same material at different levels (eg undergraduate or taught MSc),

the documentation supporting such teaching would differ, but might overlap

substantially.

The MRA-HE demonstrator aimed to show an extension of the existing VSP Resource| Room
implementation to incorporate:

e increased hypertext and document discovery mechanisms

e reuse mechanisms at the resource, folder and resource room levels

e an interface that permits or restricts access to functionality

e 'trust mechanisms to restrict the affect of user-applied hyperlinks and annotations

The overall aims of the system to discover documents that arelsuialveuse through a number of
discovery techniques (e.gwho owns this documerif?who has seen this documentwho has
expressed an interest in this docum@nand to explicitly support reuse of resources and resgurce
rooms. The support for manipulable document models allows the construction ofdaciawent from
parts of existing resources.

How would you rate MRA-HE on the following features:

1) Excellent 2) Fairly good 3) Average 4) Fairly poor 5) Very poor
a) Ease of navigation Rating:1
b) User interface Rating:2
c) Presentation of information Rating:1
d) Document reuse mechanisms Rating:2
e) Ability to support distributed and diverse teaching needs Rating:?

Comments on answer a) The navigatimee helped me to keep track of where | was in the system

There were times when'bacK button would have helped.

Comments on answer b) Generally this seemed fine; it relies to some extent on knowledge of similar

interfaces (for example the ability to re-order lists by clicking on a column heading is not something every user
would ‘guess). There seemed to be fewer mouse-clicks required than for the original VSP interface.

| was not overly keen on the use'ofarked documents, folders etc, because it was necessary to read

quite a lot of text to be sure that the task (of copying, for example) was being done correctly.

The'copy/pastemetaphor might have been used instead perhaps (there may be a good reason why not)

Comments on answer ¢) | was particularly pleased to see the different document types being

displayed in the browser itself, rather than having to start up another application; this

gave a uniformity to the presentation. Thewn side is that editing in place is not

available.

Comments on answer d) | can envisage using the re-use facilities at all three levels. They all worked

as | would have expected. The re-use of slides is, of course, easier to manage than re-use of elements

of documents that contain many paragraphs, diagrams, tables, images etc.; | am not sure that the interface

would be so successful in general.

Comments on answer €) | would have to use the system in anger to be sure on this. The potential seems to be

there, but a lot would depend on how easy it would be to work with the underlying moelg.ptle trust

mechanism. My guess is that it could be very useful, but that if piloted a number of changes might be needed.




Please rate the following aspects of MRA-HE in terms of how useful you think they are to your/your customers

needs:
1) Very useful  2) Fairly useful 3) Average  4) Not very useful  5) Notl aisaful
a) Enterprise-wide access to documents Rating:1
b) Internet access to resource rooms and document resources Rating:1
¢) Links between documents and their owners and organisations Rating:3
d) Hypertext facilities (history trails, annotations and link creation) Rating:3
e) Typed hyperlinks, trails and annotations for selective application Rating:3
f) Registration of personal interests and notification of updates Rating:1
g) Restricted view on documents through Idtalst mechanisms Rating:3
h) Different interfaces for different types of user (e.g. tutor/student) Rating:3
i) Discovering new documents Rating:3
j) Creation of a new document resource from existing documents Rating:2
k) Multiple classification of documents Rating:1
I) Reuse of one part of a resource room within another resource room Rating:3
m) Ability to support change within the enterprise Rating:4

Comments on any of the above points

Difficult to answer any of these with precision because there are many applications

for this type of system and the answers differ between them. For example, the

management of School-wide access to documents for office staff (and beyond) is very

important. B) is important because we run different hardware platforms and need to give access to students from
outside the university. The importance of some features (eg

e) and c) depends on the quality of the data.




During the demonstration, you saw the following tasks being performed. Please rate triadapects of
MRA-HE in terms of how easy or difficult you thought they were to use:

1) Very easy to 2) Fairly easyto  3) Average 4) Fairly 5) Very difficult
use use difficult to use to use

a) Document addition Rating:?

b) Construction and navigation of resource room folders Rating:2

¢) Navigation of the information model: history trails, document | Rating:3
owners, organisations, interests, annotations, links and bridges
d) Creation of a new resource from existing documents Rating:2
e) Multiple classification of a single document Rating:2

f) Reuse of one part of a resource room within another resource foom  Rating:3

Comments on answer d)don't particularly remember this which suggests it could not

have been complicated

Comments on answer Mgain | dorit remember theonstruction of a folder, but navigatieras
straightforward.

Comments on answer c) : | didimave time to look at all of these in great detail, but these appeared to
intuitive and made use of current interface design techniques. The richness of the information model means

that it might take some time to become comfortable with all of these.

Comments on answer d) : This is certainly in line with (for example) creating shortcuts in folders using

Microsoft Explorer for example. The inability teseé more than one resource room at a time makes

‘copying from one resource room to another a little hard.

Comments on answer e) :

Comments on answer f) : There was one aspect to this that 1 filitifhunderstand the need for

due to lack of time (had to do with whether it was done seamlessly or not).

What are your perceived strengths/weaknesses of MRA-HE over current VSP resource rooms?

| didrit notice any weaknesses. The less-cluttered interface and use of the directory tree are definite strengths,
as too is the ability to view power point slides (and presumably word documents etc) in the browser itself.
The management of documents that are multiply-classified is also much easier. The ability to address a sub-
document item is a clear advantage, althoughriot sure if this is available for anything other than slides at the
moment.

Generally the navigation is improved, although there are still (I think) times when a user might feel lost.

Do you have any suggestions for improving MRA-HE?

A suggestion which may or may not work would be to have a graphical representation (as afstackiple
resource rooms (similar to thphotoshop stack of layers perhaps). This would be inorder to return to where
you last were in a resource room simply by clicking on the appropriate room in the stack. Argtioéidwing
it might be to use tabs.

The information model is very rich; perhaps it shouldtdigorablé (for example ability to switch off features
such as who has seen a document, where these are not needed.

Are there any additional features or services you would like to see from MRA-HE?
I would like to see automatic assignment of documents to classes based on document projpeititsnk
the system allows this at the moment.

Do you have any other comments on what you have seen of MRA-HE?

I would like to have spent more time with it; | think like most things of this nature it would need an
investment of time to re-organise the way | and my colleagues work before the full bendditsecoealised,
but it is certainly an improvement over the previous VSP implementation and | believe it could open up new
ways of doing things as well as making current tasks more efficient.



User Type:

MRA-HE Evaluation Form University Lecturer

Is document reuse currently of interest to you/your customers? Please give reasons why or why not.

In some way, | am already reusing some of my own documents & documents which are provided by

others on-line.

The MRA-HE demonstrator aimed to show an extension of the existing VSP Resource
implementation to incorporate:

e increased hypertext and document discovery mechanisms

e reuse mechanisms at the resource, folder and resource room levels

e an interface that permits or restricts access to functionality, depending on the user type
e 'trust mechanisms to restrict the effect of user-applied hyperlinks and annotations

The overall aims of the system to discover documents that arelsuitalveuse through a number
discovery techniques (e.gwho owns this documerit?who has seen this documentwho has

rooms. The support for manipulable document models allows the construction ofdmciawent from
parts of existing resources.

Room

expressed an interest in this docum@&réPd to explicitly support reuse of resources and resgurce

How would you rate MRA-HE on the following features:

1) Excellent 2) Fairly good 3) Average 4) Fairly poor 5) Very poor
a) Ease of navigation Rating:3
b) User interface Rating:4
c) Presentation of information Rating:3
d) Document reuse mechanisms Rating:4
e) Ability to support distributed and diverse teaching needs Rating:3

Comments on answer a) still rather easy to get a bit lost

Comments on answer b) needs getting use to the environment & where the boxes are

but rather easy to learn.

Comments on answer c) find it hard to ratetrying hard to remember the kind of information presented.

In some way, every screen is full of information !

Comments on answer d) a step further from cut + paste ; but still a lot of issues to be resolved (ownership,

version control, etc. )

Comments on answer e) Have not really try out in "e@mkannot give a fair assessment.




Please rate the following aspects of MRA-HE in terms of how useful you think they are to your/your customers
needs:

1) Very useful  2) Fairly useful 3) Average  4) Not very useful  5) Notl aisaful

a) Enterprise-wide access to documents Rating:2
b) Internet access to resource rooms and document resources Rating:2
¢) Links between documents and their owners and organisations Rating:2
d) Hypertext facilities (history trails, annotations and link creation) Rating:1
e) Typed hyperlinks, trails and annotations for selective application Rating:1
f) Registration of personal interests and notification of updates Rating:?
g) Restricted view on documents through Idtalst mechanisms Rating:4

h) Different interfaces for different types of user (e.g. tutor/student) Rating:3
i) Discovering new documents Rating:2

j) Creation of a new document resource from existing documents Rating:3
k) Multiple classification of documents Rating:2

I) Reuse of one part of a resource room within another resource room Rating:1
m) Ability to support change within the enterprise Rating:4

Comments on any of the above points




During the demonstration, you saw the following tasks being performed. Please rate triadapects of
MRA-HE in terms of how easy or difficult you thought they were to use:

1) Very easy to 2) Fairly easyto  3) Average 4) Fairly 5) Very difficult
use use difficult to use to use

a) Document addition Rating:2

b) Construction and navigation of resource room folders Rating:1

¢) Navigation of the information model: history trails, document | Rating:1
owners, organisations, interests, annotations, links and bridges
d) Creation of a new resource from existing documents Rating:1
e) Multiple classification of a single document Rating:2

f) Reuse of one part of a resource room within another resource foom  Rating:1

Comments on answer a) as it was the first task, took a while to get.usédaeposition oneself in a

“virtual' document environment.

Comments on answer h)

Comments on answer c)

Comments on answer d)

Comments on answer &)

Comments on answer f)

What are your perceived strengths/weaknesses of MRA-HE over current VSP resource rooms?

Strength :- more options in viewing the documents; more associated info to documents.

Weaknesses :- not as polished ( still looks like a toy system )

Do you have any suggestions for improving MRA-HE?

( See the comments | made , which you have noted down )

Are there any additional features or services you would like to see from MRA-HE?

As commented during demo...

Do you have any other comments on what you have seen of MRA-HE?



_ User Type:
MRA-HE Evaluation Form V'SP Research Officer

Is document reuse currently of interest to you/your customers? Please give reasons why or why not.

Within the context of my own function (generally client support) | can see various usks MRA thraighout

the VSP including: easier for VSP Tenancy Information Officers to customise and manage VSP user guides and
training documentation for use with their own client, easier for me to maintain VSP user guides argl train
documentation that is located in several different places in the VSP (also sometimékhalerwhere the

document are locatede.g. a tenant may have downloaded a copy of a user guide to their own regsonrce r

not told me .. some people dotike using the links facility, i.e. the ability to link from 1 folder to another),

The MRA supports not only the exchange of formalised and codified knowledge (e.g. in the form of a research
report) which we do well already, but also promotes informal interaction and the exchange of informal
knowledge, e.g. social navigation of the form "who else has looked’at this opportunity to explore info is

based not on location or content but on implicit recommendation, social factors, etc. Thistvam donwell yet

The MRA-HE demonstrator aimed to show an extension of the existing VSP Resource| Room
implementation to incorporate:

e increased hypertext and document discovery mechanisms

e reuse mechanisms at the resource, folder and resource room levels

e an interface that permits or restricts access to functionality, depending on the user type
e 'trust' mechanisms to restrict the effect of user-applied hyperlinks and annotations

The overall aims of the system to discover documents that arelsuitalveuse through a number pf
discovery techniques (e.g. ‘'who owns this document?’, 'who has seedothiment?’, 'who has
expressed an interest in this document?') and to explicitly support reuse of resources and |resource
rooms. The support for manipulable document models allows the construction ofdmciawent from
parts of existing resources.

How would you rate MRA-HE on the following features:

1) Excellent 2) Fairly good 3) Average 4) Fairly poor 5) Very poor
a) Ease of navigation Rating:1
b) User interface Rating:2
c) Presentation of information Rating:2
d) Document reuse mechanisms Rating:2
e) Ability to support distributed and diverse teaching needs Rating:2

Comments on answer a) | like the dropdown mentiss makes navigation very easy as all the options are
listed right next to orile mouse pointer

Comments on answer b) The interface looks lileiit a development environmentslon a 17 inch monitor
and the text is very small. Try viewing that on my 14 inch monitor anttysaon be doing too much scrolling.
Ability to resize LHS/RHS frames is greasomething sadly lacking and much requested in the VSP!
Comments on answer ¢) Seems ok.

Comments on answer d) Seems ok but would really need to use it myself for a period of time to properly
evaluate it.

Comments on answer €) Same comment as in (d).




Please rate the following aspects of MRA-HE in terms of how useful you think they are to your/your customers

needs:
1) Very useful  2) Fairly useful 3) Average  4) Not very useful  5) Notl aiseful
a) Enterprise-wide access to documents Rating:1
b) Internet access to resource rooms and document resources Rating:1
c¢) Links between documents and their owners and organisations Rating:1
d) Hypertext facilities (history trails, annotations and link creation) Rating:1
e) Typed hyperlinks, trails and annotations for selective application Rating:1
f) Registration of personal interests and notification of updates Rating:1
g) Restricted view on documents through lotialst mechanisms Rating:3
h) Different interfaces for different types of user (e.g. tutor/student) Rating:2
i) Discovering new documents Rating:1
j) Creation of a new document resource from existing documents Rating:1
k) Multiple classification of documents Rating:1
I) Reuse of one part of a resource room within another resource room Rating:1
m) Ability to support change within the enterprise Rating:1

Comments on any of the above points

(e) why selective applicatiorsdorit know what this means

(g) not sure | understand what local “trusechanisms are

(h) but not too different

(i) but we have a monitoring facility in the VSFhow is your different/better?

(m) anything that can do this is good!




During the demonstration, you saw the following tasks being performed. Please rate triadapects of
MRA-HE in terms of how easy or difficult you thought they were to use:

1) Very easy to 2) Fairly easyto  3) Average 4) Fairly 5) Very difficult
use use difficult to use to use

a) Document addition Rating:2

b) Construction and navigation of resource room folders Rating:2

¢) Navigation of the information model: history trails, document | Rating:2
owners, organisations, interests, annotations, links and bridges
d) Creation of a new resource from existing documents Rating:2
e) Multiple classification of a single document Rating:2

f) Reuse of one part of a resource room within another resource foom  Rating:2

Comments on answer a)

Comments on answer h)

Comments on answer c)

Comments on answer d)

Comments on answer &)

Comments on answer f)

What are your perceived strengths/weaknesses of MRA-HE over current VSP resource rooms?

Mostly as identified as above. | would need to see more of it in detail.

Do you have any suggestions for improving MRA-HE?

My assessment has been based on a short demo. To make suggestions for improwennents
want to be using the system myself for a sufficient length of time.

Are there any additional features or services you would like to see from MRA-HE?

Do you have any other comments on what you have seen of MRA-HE?



_ User Type:
MRA-HE Evaluation Form VSP development team membeyr

Is document reuse currently of interest to you/your customers? Please give reasons why or why not.

Our product provides support tools for people who work in a number of areas (teaching, project management,

consultancy) both with people outside the VSP environment, and other people within tbereert. For

this reason, the ability to share and reuse documents in different contexts is particularly valuable. The teaching

environment is particularly in need of reuse functions, as materials are often used in othds eatt little

or no change.

The MRA-HE demonstrator aimed to show an extension of the existing VSP Resource| Room
implementation to incorporate:

e increased hypertext and document discovery mechanisms

e reuse mechanisms at the resource, folder and resource room levels

e an interface that permits or restricts access to functionality, depending on the user type
e 'trust mechanisms to restrict the effect of user-applied hyperlinks and annotations

The overall aims of the system to discover documents that arelsuitalveuse through a number pf
discovery techniques (e.gwho owns this documerit?who has seen this documentwho has
expressed an interest in this docum@réPd to explicitly support reuse of resources and resgurce
rooms. The support for manipulable document models allows the construction ofd@aiawent from
parts of existing resources.

How would you rate MRA-HE on the following features:

1) Excellent 2) Fairly good 3) Average 4) Fairly poor 5) Very poor
a) Ease of navigation Rating:2/3
b) User interface Rating:2
c) Presentation of information Rating:2
d) Document reuse mechanisms Rating:1
e) Ability to support distributed and diverse teaching needs Rating:2

Comments on answer a) the interface is quite difficult to use for a novice, mainly due to the confusion between

the use of popup menus using left/right buttons. With use, this becomes betterfarivggdifews (structure

plus “conteritview, as well as the bookmarking facilities make navigating easy.

Comments on answer b) see (a) for some user interface issues, it is quite clean and uncluttered, although it

Demands a lot of screen real-estate.

Comments on answer c) the presentation is clear with good use of more advanced browser features to enable

more to be achieved on the client side, without the need to make trips back to the server, which can be

frustrating for the user.

Comments on answer d) the reuse mechanisms are excellent, especially the ability topgséntation

into components and reuse individual slides. This is a very common requirement.

Comments on answer e) With the addition of other tools (for example, supporting interaction between

Students and their peers and tutors, it has the potential to be a component in a very powerful system.




Please rate the following aspects of MRA-HE in terms of how useful you think they are to your/your customers
needs:

1) Very useful  2) Fairly useful 3) Average  4) Not very useful  5) Notl aisaful

a) Enterprise-wide access to documents Rating:1
b) Internet access to resource rooms and document resources Rating:1
¢) Links between documents and their owners and organisations Rating:2
d) Hypertext facilities (history trails, annotations and link creation) Rating:3
e) Typed hyperlinks, trails and annotations for selective application Rating:3
f) Registration of personal interests and notification of updates Rating:1
g) Restricted view on documents through Idtalst mechanisms Rating:2

h) Different interfaces for different types of user (e.g. tutor/student) Rating:1
i) Discovering new documents Rating:2

j) Creation of a new document resource from existing documents Rating:1
k) Multiple classification of documents Rating:2

I) Reuse of one part of a resource room within another resource room Rating:2
m) Ability to support change within the enterprise Rating:1

Comments on any of the above points

A lot of these are generally useful requirements for most domains, however the waypiat for them

has been implemented distinguishes the system from others.

(m) needs a bit more expansion, however | assume this is the reuse facilities specifically.

The potential for the system will become a lot more apparent with the addition of the access control

facilities as this helps to enforce the user views and capabilities, which is very important within a teaching

environment.




During the demonstration, you saw the following tasks being performed. Please rate triadapects of
MRA-HE in terms of how easy or difficult you thought they were to use:

1) Very easy to 2) Fairly easyto  3) Average 4) Fairly 5) Very difficult
use use difficult to use to use

a) Document addition Rating:1

b) Construction and navigation of resource room folders Rating:1

¢) Navigation of the information model: history trails, document | Rating:2
owners, organisations, interests, annotations, links and bridges
d) Creation of a new resource from existing documents Rating:2
e) Multiple classification of a single document Rating:2

f) Reuse of one part of a resource room within another resource foom  Rating:2

Comments on answer a)

Comments on answer h)

Comments on answer csome confusion between bookmarks, links and bridges confused at times. Maybe
the links and bridges should be merged to "limith resource rooms as being just a different type of target?
Comments on answer d) : this is easyould be nice if you could upload a “standatdcument (such as

powerpoint doc) and split into fragments automatically.

Comments on answer &)

Comments on answer f) : the two options “liok "copy are a bit confusing (exactly the reason whyvee
shied away from this in the VSP!).

What are your perceived strengths/weaknesses of MRA-HE over current VSP resource rooms?

Lots more use of newer technologies allows more to be done on the client side, and for the interface to be lot
less cluttered. VSPs relative simplicity makes it easier to use, at least initially. The reuse fragments and
recombination into a single resource is definitely something that has been asked for in the VSP.

Do you have any suggestions for improving MRA-HE?

1. different views of the interface which add/remove functionality, e.g. a ‘comrimmthat doesi have
things like bridge options on, and a simple browse view, which hides a lot of the functionality, bui lets yo
access all of the resources easily.

2. A graphical "graphview of the structure (as opposed to the hierarchy view) is far more important when there
is a lot of reuse going on as hierarchies become counter intuitive here.

3. Drag and drop functionality (activeX/java controls?)

Are there any additional features or services you would like to see from MRA-HE?

Do you have any other comments on what you have seen of MRA-HE?

Great- we |l definitely be absorbing some of the featugs



_ User Type:
MRA-HE Evaluation Form VSP development team membe

Is document reuse currently of interest to you/your customers? Please give reasons why or why not.

Yes. Primarily for the creation of customised training material from existing training material

The MRA-HE demonstrator aimed to show an extension of the existing VSP Resource| Room
implementation to incorporate:

e increased hypertext and document discovery mechanisms

e reuse mechanisms at the resource, folder and resource room levels

e an interface that permits or restricts access to functionality

e 'trust mechanisms to restrict the affect of user-applied hyperlinks and annotations

The overall aims of the system to discover documents that arelsuitalveuse through a number pf
discovery techniques (e.gwho owns this documerit?who has seen this documentwho has
expressed an interest in this docum@réd to explicitly support reuse of resources and resgurce
rooms. The support for manipulable document models allows the construction ofd@aiawent from
parts of existing resources.

How would you rate MRA-HE on the following features:

1) Excellent 2) Fairly good 3) Average 4) Fairly poor 5) Very poor
a) Ease of navigation Rating:2
b) User interface Rating:2
c) Presentation of information Rating:2
d) Document reuse mechanisms Rating:2
e) Ability to support distributed and diverse teaching needs Rating:2

Comments on answer a)

| would prefer the default action on clicking links to be to view the folder/resource and not

produce a menu. The currently marked folder/document areas could be links.

Comments on answer b)

The interface is nicely laid out, but the top toolbar is perhaps a little "busy".

Comments on answer c)

Nice!

Comments on answer d)

| loved this feature. Support for a number of different document types would be superb, but

as a prototype this really shows the potential.

Comments on answer e)

Again, the potential is clear. Not sure how the system would cope with synchronisation issues

with multiple parties updating the same resource.




Please rate the following aspects of MRA-HE in terms of how useful you think they are to your/your customers
needs:

1) Very useful  2) Fairly useful 3) Average  4) Not very useful  5) Notl aisaful

a) Enterprise-wide access to documents Rating:1
b) Internet access to resource rooms and document resources Rating:1
¢) Links between documents and their owners and organisations Rating:1
d) Hypertext facilities (history trails, annotations and link creation) Rating:1
e) Typed hyperlinks, trails and annotations for selective application Rating:1
f) Registration of personal interests and notification of updates Rating:1
g) Restricted view on documents through Idtalst mechanisms Rating:1

h) Different interfaces for different types of user (e.g. tutor/student) Rating:1
i) Discovering new documents Rating:1

j) Creation of a new document resource from existing documents Rating:2
k) Multiple classification of documents Rating:1

I) Reuse of one part of a resource room within another resource room Rating:1
m) Ability to support change within the enterprise Rating:2

Comments on any of the above points




During the demonstration, you saw the following tasks being performed. Please rate triadapects of
MRA-HE in terms of how easy or difficult you thought they were to use:

1) Very easy to 2) Fairly easyto  3) Average 4) Fairly 5) Very difficult
use use difficult to use to use

a) Document addition Rating:1

b) Construction and navigation of resource room folders Rating:2

¢) Navigation of the information model: history trails, document | Rating:2
owners, organisations, interests, annotations, links and bridges
d) Creation of a new resource from existing documents Rating:2
e) Multiple classification of a single document Rating:1

f) Reuse of one part of a resource room within another resource foom  Rating:2

Comments on answer a)

Comments on answer h)

Pretty straightforward after training.

Comments on answer )
Pretty straightforward after training.
Comments on answer d)
Pretty straightforward after training.

Comments on answer e)

Comments on answer f)
Pretty straightforward after training.

What are your perceived strengths/weaknesses of MRA-HE over current VSP resource rooms?
Strengths:
Resource reuse. Potential simple personalisation of the interface. Much cleaner interface. History trails. Link
from document to author/owner.
Weaknesses:
Doestt support a wide range of documents. Performance issues due to file based backend database.
Do you have any suggestions for improving MRA-HE?

Use a database for the backend.

Are there any additional features or services you would like to see from MRA-HE?

Support for standard XML documents as they become available.
Collaboration support.

Do you have any other comments on what you have seen of MRA-HE?



