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Abstract. The process ofacquiring knowledge cannot be separated from the
process of applying it. Integrating working and learning is not a desirable luxury — it
Is a fundamental requirement for businesses to remain competitive. atitties we
describe the ERICH approach to supporting organisational learnifige enrichment

of workproducts withcontext is aided by suite @feb based tools whicimtegrate
HTML documents, discussion threads and knowlexhgelels. The approach is
described using one dhe three ERICH industrial case studies the British
Aerospace Team Workbook.

1. INTRODUCTION

U

“Businesses spend up to $16illion each year to traimorkers. Yet estimates ar
that lessthan 10% of thistraining transfers tothe job. So business wastes H90
billion each year....”

[Review on US training effectiveness (Detterman 1993)]

Current theories of learning reveghy this is sothe process oficquiring knowledge cannot be
separated fronthe process of applyingt. Integratingworking andlearning is not a desirable
luxury — it is a fundamental requirement for businessesrt@in competitive. Ifiact, (Brown and
Duguid 1991)arguethat learning is the essentl@idge betweenvorking andinnovating andhat

the threeprocessesre inextricably intertwined. Thegraw onthe empiricalwork of Orr (Orr
1995) toarguefor a fundamentally situated view déarning. In thisview, problems with the
traditional ‘knowledge transfermodel of on-the-job training include the separation of simplified
abstract principles frorthe rich detail of actual practiand the separation of learndrem the
workplace community.

Brown and Duguidusetheir arguments to critique the inadequaciebudiness process redesign
and training programmes based on ‘transfer model' assumptions of esselgskijed, overly



simplified models ofwork. Insteadthey advocate that technologyndbusiness processes should
supportthe existing rich learning practices within the (typically co-located) workplace community
by enabling indivduals within communities $omehow record and shaiteeir experiences. This
influential article has inspiredmany projects in the area dnowledge management and
organisatioanl! learning, includingurs. Indeedthe approach of capturing argharing existing
experiences to enhance future practices is the key goal of many organisational sgapnieghes,
particularly in the area afoftware engineering (s€bandes,Schneider eal. 1998) forexamples

of ‘experience factories’). In effect, experience factories view learning as paocess of
incrementally building on existing, valuable ‘traditions’ within the workplace.

However, akey challenge faced by experience factofi@sd otherforms of ‘bestpractices’
memories) occursvhenthe desirable traditions dyest practices aren’t widespread thre first
place. Landes, et. al report the paradox they have encountered in their projgetsare eager to
use the experience factory to learn about quality managesseieisbut there aren’t enough people
experienced with the quality management practices to contribute to the expb&asadethe first
place (Landes, Schneider et 8898). Thus, for various reasons, @ganisation may sometimes
needto, or desireto, deliberately‘transcend’ existing traditions, and promote widespread new
practices within thevorkplace. Thisneed can arislom externalforces (for instance, new EU
safety codes that effect current manufacturing processes in fundamental ways) or interrftdegoals
desire to adopt Quality Management practices). Given these tensions, it is perhaps more appropriate
to view learning as a ‘dialectic between tradition and transcendence’ and the challeng@psotd
both, yet deny neithér

In the traditional model of on-the-jotraining, to promotethe new practices, workers would
typically receive a pre-prepared course in the new regulations, procedures, or processes — often at a
different location from theiplace ofwork —and be expected to apply this abstracted knowledge

later in theirworkplace. Asindicated by the training effectivenefigures aboveoften with
disappointingresults.The goal ofour research is to use technology, and advances in workplace
learning theories, to rethink current training practimegl) move fromone-shottraining courses

to continuous learningprocesses and (2nove from training focused othe individual to
incorporate work group and organisational learning.

The vehicle weuse toconduct this research the (EDAR Toolkit. CEDAR is an experimental

system supportinghe creation andnaintenance of Contextually-Enriched Document ARchives

providing:

e a document-centrediscourse spac#or structuring discussions around representations of
work;

» client tools enabling users #ticulateand refine domain concepts by incrementally enriching
their representations of work with related discussions and underlying knowledge models;

» knowledge delivery and access mechanisms supporting individual and group learning;

e an intranet-based organisational memory sefeer knowledge capture, structuring and
maintenance.

This research is being conducted using a user-ceotisekdriven approach focusing the needs
of specific workplace communities in three different industrial settings(§&eaner,Domingue et
al. 1998) formore info on theseases). In thisrticle, we focus on ougxperiences from one of
these cases, The Team Workbook. The Team Workbook is a product of BAe’sNanagement
team and is designed to foster bastcticesthroughthe intertwined teaching ange ofplanning
methodologiesuch asTotal Quality Management. In the ne&éerm, the goal of theNorkbook
programme is to transcend current practices by teaching practitibnersto apply quality

1 Some years ago, Pelle Ehn claimed that ‘design is a dialectic between tradition and transcendance’ (Ehn
1989). We think the same dialectic holds for learning.



management to their current work. In the long term, the programme’sagedisfoster alearning
organisation where individuals and groups continually reflect on and improvevth&impractices,
and where distributed groups share and improve upon their ‘traditions’ and ‘best practices’.

In the remainder ofhis article, we begin by analysing current theories in workplace learning to
derive key learning processes that our approach adasess. Next, wanalyse theshortcomings

of the current state-of-the-aftom technicaland cognitiveperspectives. Wehen describe the
CEDAR toolkit's technicaland methodological objectives and illustrate the toolkith a use
scenario derived fronthe TeamWorkbook case. Finally, weeflect on the implications of our
approach fotraining programmes in the workplace of the future disdussfuture directions of

our research.

2. NATURE OF WORKPLACE LEARNING

“Learning is thenew form oflabour” (Zuboff1988) in a knowledgeconomy — it is absolutely

vital that learning be effective and efficient. Yet, many industries rely on traditional ‘school models’
for most oftheir trainingneeds even though workplace learning is fundamentally different from
traditional school learningTable 1). Empirical studies of professional practice, by ourselves and
others (Lave 1991; Sachs 1995; Sumh@95), showthat while thefocus isprimarily on getting

the job done, learning is inextricably intertwined withvorking. In order to dotheir job,
professionals must continually learn to apply existing knowledge to routine or innovative situations
and to construct new knowledge in response to changing workplace situ@hiasslearning is
fundamentally embedded in ongoing work activities and thes& activities, inturn, give rise to

the problems driving the learning that must take place.

Table 1. School Learning versus Workplace Learning

School Workplace
Emphasis On:| Learning basic facts and skills Getting the job done
Ultimate Goal: | “Knowing” Developing “Best Practices”
Knowledge:| Static, Decontextualized, Gengral Dynamic, Situated, Practice-orignted
Topics /| Given by curriculum Arise from and embedded in work
Problems: situation
Scope of Primarily Individual Individual, Group, Organisation
Learning:

Our research is concerned with building computational environments integratinggds&thg and
learning. Our previous work focused on supporimdjvidual learning (Sumner and Stolze 1996;
Sumner,Bonnardel eal. 1997),and knowledge modelling (Dominguelotta etal. 1993; Motta
and Zdrahal 1996Motta 1998) in centralisedwork settings. In this project, wextend these
previous efforts tahe organisationallevel and provide support fahe integrated spectrum of
learning activities(individual, group,and organisational) iristributed work settings Before
looking at thestate-of-the-art, we wilexamine current theoreticgderspectives anempirical
findings of individual, groupand organisational learning to enumerate key challewésh an
integrated approach must address.

2.1. Individual Learning: Becoming Reflective Practitioners

In his seminalbook, “The Reflective Practitioner,” Schén (Schén 1983) describesaation-
breakdown-reflectiorrycle thatunderlies professional practice. In this cycle, practitioregage

in situated action until their expectations are not met and they experience a breakdown in the current
work situation. At that moment, practitionestop andreflect onhow to overcome thdreakdown

before proceeding. These breakdowns in situatéidn present opportunitiésr learning because



there is an opportunity to construcew contextualizedknowledge while solving a personally
relevant problem (Fischer 1994).

However, detecting and overcomingpreakdowns requiresnuch skill and domain-specific
knowledge.People newly hired into a workplace will oft&ck this necessary knowledg&ven
“old-timers” can be challenged. In complex domains, no one persgoosaessll the knowledge
necessary t@omplete atask (Rittel and Webberl984). Indynamicdomains, whatconstitutes
“necessary” knowledge is continuallghanging. Practitioners, both old amew, need to
continually learn and releatmow to: (1) recogniseotentialbreakdowns, (2)dentify knowledge
relevant to the breakdown, and (3) apply this knowledge or construct new knowlexgeciome
the breakdown.

— Key challengedor supportingindividual workplacelearningareto supportreflection-in-action
processeby helping practitioners analyse theiork productsanddetect potentigbroblems or

opportunities. Systemseed to deliver relevant information to practitioners that they may be

unaware of to assist their reflections.

2.2. Group Learning: Becoming Communities of Practice

These days, teams and groups form the core work units in many industries. Havideeteams
themselves are widespread, examples of effective group practices are lessligeraiure is filled
with stories of dysfunctional group workinactices(Curtis, Krasner et al. 1988; Grudir991).
Studies reveal that effectigroupsaregood at‘perspective making” (Boland and Tenka$§i95);
i.e., they shareustoms, conventionand standard practicdbat help to get thgpb donemore
effectively (Brown, Collins et al. 198%ave 1991; Sach4.995). It isprecisely these oftetacit
customs and conventions that form “best practices.”

Our empirical studies of groups suggesitat supporting communities to evolve their own
vocabularies and to elaborateem to create ahared domairmodel is a criticalstep towards
creating a common perspectiig@umner 1995) and affective “community of practice.Shared
vocabularies improvgroup communicationssharedpractices improvegroup coordination during
complextasks. Over time, asommunities engage in negotiation and reflection about to do
their job better, their vocabularies and domain models become more elaborate and.é&rrtiadjr
tacit understandingare articulatecind refinedowardsmore explicitknowledgeforms. In many
cases,they enrich their tools and/ork products withformal representations of their domain
models in order to haveetter toolsupport fortheir work practices.The articulation andise of
explicit domain models reinforce best practices by aiditige consistent reproduction and
interpretation ofwork products. We refer tdhese processes ofelaborating vocabularies,
negotiating, and enriching as “domain construction” .

— A key challengefor _supportinggroup learningis to supportdomain constructionprocesses.
Systemsneed to enable practitioners to articulate their inforamlerstandings, to view and
discusstheir emerging ideas and domain modaisl, importantly, toincrementally modify
domain models as their understandings change.

2.3. Becoming a Learning Organisation

Typically, organisationsare composed ofmultiple interactingcommunities, each with highly
specialisedknowledge, skills,and technologies. Importartasks like product design and
innovation in knowledge-intensive firms require these diverse communities to hihdge
differences and integrate thé&inowledge and skills tareate anew, sharegerspective (Boland
and Tenkasi 1995). Some researchers argue that this social shdnegiscialfirst step towards
knowledge creation (Nonaka and Takeucji 1995).

This bridging process is not so much one of passive ‘sharing’ as @uivaperspective taking’
and it is oftencomplicated by the fact thatmmunity’s shared vocabulary or domawodel is



often tacit, making it uninspectable and difficulbr another community tounderstand.
Communities may share similar words and concepts at the surface lewvekybattually baising
them in entirely differentvays (aphenomena dubbed ‘ontological drifRobinson and Bannon
1991)) resulting ircommunication and coordinatiomgblems. Sometimes this bridging is further
complicated by time — the criticalxperts are no longewrith the company or aretherwise
unavailable for collaboration. Supporting such long-term, asynchronao#laboration is
particularly important in industries needing specialised expeitigealso rely onmobile and
flexible workforces.Ultimately for perspective-taking to bsuccessful, sharedbjects andvork
products must bee-interpreted andssigned a sharedeaning — gprocessthat usually requires
much debate and negotiation.

— A key challengefor organisationalearningis to supportperspectivetaking. Systemsneed to
support knowledge sharing across workplesenmunitiesand across timeHowever, sharing
knowledge is different from simply sharing information — people rsegybort forinterpreting
each others’ perspective and for negotiating a new, shared perspective.

2.4. Integrating Individual, Group, and Organisational Learning

Building on Argyris andSchén’s definition (Argyris andSchon 1978), welefine organisational
learning as: (1) a process that takes place through the agency of the indheduiaérs, (2) where
individual and group learning experiences become incrementally embedded in organisational
memory. Anintegrated approach is necessary because one carppartorganisational learning
without supporting individual agency. However, we extend their definitidaki® into account the
different types of learningrocesses atach of the three levels;e. individual, group, and
organisational. Table 2 summarises requirements for our integrated approach.

Table 2. Requirements for an Integrated Organisational Learning Approach

Scope Learning Proces$ Requirements to Support Proceds
Individual: * detecting potential problems or
Within an individual Reflection-in-action | opportunities to improve work products
work session » actively delivering new information to
support reflection
Group: « articulation and elaboration of domain
Within a community Domain vocabularies and concepts
Construction * negotiation about emerging domain
concepts
» enriching of work products and tools wih
domain models
Organisational: » sharing of knowledge and work produds
Across Communities | Perspective taking |« products linked with supporting contextjto
and Time aid interpretation and negotiation

3. STATE OF THE ART

Here, weexamine the state-of-the-astith respect tathe requirements outlined ifable 2. We

begin by looking at an important type of structutBsicussion space, desigationalesystems,

which our approach builds on. Then we analyse related work in organisational meleanmsg-
on-demand systems, intranet-based document management systems and proposed extensions to the
Web that EDAR builds on.

Design RationaleDesign rationale systems provide structulestussion spaces based on various
notations such assues, prosand cons (Conklin an8egemanl1988), and questions, options,
and criteria (Buckingham Shum 1996). These systems assume that as practwioketkey also
add their reasoning and justifications to #ystem usindhe provided notation anthuscreate an



‘organisational memory’ as theyork. Experiences indicate thdesignrationalesystemscan be

very useful for supportindong-term asynchronousiegotiation and collaboratioacrosstime
(Fischer, Grudin et al. 1992). Howevene weakness of this approachhe lack ofsupport for
context: often there is little integration betwegork productsand discussionabout theproducts.

This separation results inlass of necessargontextfor understanding anthterpreting both the
designrationale and th@roducts (Ruhledet994). Integratingwork products withtheir related
discussion is alsemportantfor sustainability of the rationaleepository; integration makes the
repository easier to access during actual work, which in turn promotes making further additions to
it (Fischer, Lemke et al. 1991).

OrganisationalMemories. Organisational memories are motivated by the desidserve and
share the knowledge and experientteg reside in an organisation. Asich,most systems focus

on capturing thé&nowledge, storing itand making it accessible, rather trexplicitly supporting

the creation ofnew knowledge. By themselvesrganisational memories are necessary but
insufficient steptowards organisational learning. Several analyses based on case studies
(Ackerman1993) andcritiques from social and psychological perspectives (Bannon and Kultti
1996) conclude that maintenance of contextuality is of crucial importance for supporting learning or
‘active remembering’. Likewisethe generic nature of memories that attempsdoreall needs
across large organisations often inhibitsuccessfullocation and interpretation ofelevant
information. Recenefforts are instead targetingmaller,more focused approachesch as task-
based memories (Ackerman and Mandel 1997), methodology-based mefHalaiag 1997) and
community memories thasupport the incremental evolution oboth structure andcontent
(Marshall, Shipman et al1994). These approaches are a positiseep towardsenabling
organisational memories to support the learning needs of individuals and groups.

Learning on DemandMany approaches to supporting learning-on-demand or just-in-time learning
are divorcedrom actualwork contextsand, insteadare embedded within traditional curriculum-
driven educationainodels.Their emphasis is onsing the Internet tosupportdistancelearning.
Other approaches intertwining working ardarning in designdomains, such agritiquing
systems,have proveneffective in supporting workplacdearning for both newly hired and
experienced designers (Sumner, Bonnardel et al. 1997). The challenge for this type of learning-on-
demand is to have a rich shared context betweensieandhe system in order tadetermine the
user’s potential informationneeds (FischerNakakoji etal. 1993). Another crucial feature,
particularly with regard to supporting reflection-in-action, is proactiagsstemsneed to point out
potential problems atthe ‘right time’ when practitioners arédestable to take advantage of the
provided information (Lemke 1990).

Intranet-based Document Managem8iyistems. Intranets are the fastegtowing segment of the
Internet market. Intranets u¥¥orld Wide Web technologies support an organisationisternal
information needs, whichare often document-centred since documemgsmeate much of
organisational practicéBrown and Duguid 1996). Such usesvere heralded by pre-Web
groupware products such as Lotus Notes™ (Orlikovi€82). However, asecently noted by
Xerox™ (with more than 200 servers and 20,000 users), “this internal Web, as an environment for
supporting organisational work, is falling short of expectations antopes in significant ways”
(pg, 81) (Rein,McCue etal. 1997). They found off-the-shelfintranet software to be most
successful when deployed to support simple, well-understwodk practices where the
information was factual and did not involve interpretation. They advocated creatawg style of
intranet, with support fodocument managementles. Similarly, we view systems such as
Intranets and Lotus Notes as important generic enabling technologies that we can buitdeate to
organisational learning systems, rather than end-points in themselves.

Extensions to the WebA number of extensions fgiacing semantic representations within Web
documents have recently been fartward. The Resource DescriptioRramework (RDF)W3C,
1998Db) is adraft proposalfor representingnetadata - databout the data within a document.
Encodingmetadata into Welpages wouldhave benefits in a number affeas. For example,



semanticsearch engines and site catalogues could be creatéte Abre of RDF is a model for
representing named properties and their values. The properties naad®encode the attributes

of and relationships between resources within a document. Becauséd®bDEen designed to
representataand notknowledgats representational power is relatively weak when compared with
standard knowledge modelling languages (®eeexample, (Farquhar, Fikes et al. 1994gtta
1998)). At a syntactic level RDF models would be represented in RVRC, 1998a) a proposed
extension to HTML which is at the recommendation stage.

Analysis ofthese ApproachesCommon shortcomings acrosgny of the above approaches are
passivity,lack of extensibility, andack of context. The passivity of many approaches requiring
users tosearch forrelevant information in large memorstoreslimits their ability to support
reflection-in-action. Several approachlesk extensibility which inhibits their evolution in the
workplace totake into accounhew knowledge or worlpractices;i.e., organisational memories
that are difficultfor practitioners teextend. Such non-extensible systecasinotsupportdomain
construction processes underlying group learning. Finatlnmon among many approaches was
lack of support for context, either to assist human interpretation and learning (i.e., the separation of
designrationale from work product) or to suppoihtelligent systeminterpretation(e.g., the
necessity of sharedontextfor learning-on-demand mechanisms).the nextsection, we will
describe how our approach towards supportingrganisational learningaddressesthese
shortcomings.

4. OUR APPROACH: CONTEXTUALLY-ENRICHING DOCUMENTS

Whendiscussinghe critical role of learning in theew knowledge economies, Zuboff described
‘smart machinesthat couldassist inactively ‘informating’ practitioners as thework (Zuboff
1988). In our view, it inot smart machines per #eat serve to informate, butontextually-
enriched documents since documents form the core of maigesractices and are the objects
that many practitioners work with daily.

In a recent study looking at documerse by knowledgevorkers, Kidd foundhat theprocess of
articulating andrefining work productswas often more importanfor informing practitioners than
the products themselves (Kidd 1994). In a broader context, BaoarDuguid contragtvo basic
models of document use: ‘documents as darts’ where documents serve as a nobgtivaly
transmitting knowledge and ‘documents as a méansupportingsocial processes’ (Brown and
Duguid 1996). They argue thatkey role of documents is to suppeegotiation and interpretation
as communities struggle to reach a shared understantdikgwise, several leaders in collaborative
working andlearning have arguefbr a re-thinking ofthe status of ‘representations @fork’
(Bannon 1995; Suchman 1995). They argue that rather than regarding these work praiatts as
accounts or descriptions tiie way things arerepresentationsshould beregarded as starting
points for discussion about the way things ought to be

In our view, the key to integratingvorking andlearning is tosupportthese socially-based,
process-oriented views of representationswofk. As indeed,theseprocessesderived from
analyses of documenise are the same as therocesses underlying individuajroup, and
organisational learning: reflection, articulation, elaboration, negotiation, interpretation, and sharing.

The core ofour approachcentres on enabling practitioners to progressively enthair
‘representations of work’ with important contextual cues and information arising from these social
processesRepresentations afork take on manyorms, including projectspecifications, design
solutions, project bids, planning documents, etc. In most organisatiess, representatioteke

the form of documents, usually in paper form and increasingly in digital form aartheyblished

on organisational intranet€ontextual cues and information takes on maogms including
discussions surrounding the document, shared vocabulangaatices underlying théocument,
relationships to organisational competencies, and other related or dependent work products.



While this contextual information igital for supporting key processes such as interpretation, we
argue thasimply capturing this information is insufficient. A key contributionoofr ‘enriching’
approach is to capture these important contextual cues and informasiochim way as tbghtly
couplethem with the representations of work. This enriching approach has three direct benefits:

* Thericher contextsupportsmproved human-human communication and collaboration by
keeping the context for interpreting a document coupled to the document itself.

* Enriching isausereentrediorm of extensibility, encouraging practitioners #sticulate their
tacit understandings andhcrementally refine thentowards more explicit knowledge
representations by reifying the context and its interconnections.

* The richer context makgsossibleactive forms of computersuppat (i.e., learning-on-
demand) by providing a richer machine-interpretable context.

5. CEDAR TOOLKIT AND METHODOLOGY

Earlier, we discussed howrganisational memory approaches basedtlen ‘one-size-fits-all
model’ were problematic, resulting in memortbat were too general to heseful or understood.
Following ourbelief in the centrality of interpretation, we deusing oncreating task-specific
instances of organisational memories basedooncontextually-enriched documermtpproach.
Specifically, we are developing a toolkd#upporting the cost effective construction and
customisation of task-specific memories, and a methodology guiding others in incorporating the
memories intowork practices to achieve sustainagde andgrowth. Inthis section, webriefly
describe the generalities of theEMAR toolkit and methodology before turning to detailed
description ofhow this approach is being applied toreate a specifisystem —the Team
Workbook.

Broadly speakingthe (EDAR approach enable§l) developers(information providers and
knowledge engineers) to constructiattial organisational memoriseed’, (2) end-users toiew
and extend the memory contents, and (3) computational agents to deti@rinformation at the
right time to support reflection-in-action. TheBAR toolkit is based on a server/clieantchitecture
communicating over a corporatetranet. Atthe heart of thesystem,the (EDAR archive is
supported by a suite ofEDAR tools supporting knowledge modellingpcument publication,
archive maintenance, and context-based information retrieval.

The (EDAR archive consists of anorganisational memory containing contextually-enriched
documents. These hypermedia documents are work products enricheelat@ti communications
(e.qg., structured on-linaediscussions)task-specific knowledge mode(g.g., knowledge about
guality management tools and techniques), and broader organisation-level knowledgg engdels
models of customer-supplier relationships, corporstieicture, orcorporate values). These
hypermedia documents are based on standard web-protocols and formats.

Fromthe perspectives @nd-userstask-specific memories creatasingthe GEDAR toolkit will
have several common characteristics, including:

» adocument-centred virtudiscussiomnspace enabling distributed communities to engage in
debate and negotiation about thsirared work productand their shared knowledge
models. These discussions are tightly integrated with the work productgntiaisng the
document with greater context.

» enriching mechanisms enabling them to extend knowledge models and interconnect models
with specific documents and discussion threads, contributing to a richer document context.

* mechanisms enablingnd-users to publish and shdheir enrichedwork productswith
others.



» user interface agents (Liebermat997) that point out potential problems or missed
opportunities inwork productspoint out possible links and dependencietheowork of
other individuals omgroups inthe organisation, and inform usawctivities by providing
relevant cases stored in the memory.

To support the activities édhowledgeengineers toolsare provided for constructing, editing, and
browsing the knowledge models irthe archive. The formalism weuse for expressinghese
knowledge models is OCMlthe Operational Conceptual Modelling Language (M2888). Our
current library ofOCML models comprises over twenty fitbousand definitions and h&agsen
used tomodel several applicatiolomains, such as geologgngineeringdesign,and healthcare,
and is used in the Open University knowledge modelling course (Open Unig&8ity. OCML's
property of operationality, together withe provision of several mechanisnfer integrating
OCML models with other softwareomponentsfacilitates the rapid development of application
systems. The EDAR toolkit builds on our previous researchcollaborativeknowledgemodelling
by incorporating model construction and visualization tools developed espémial{CML. These
tools enableknowledge models to be constructed througfraphicaluserinterface andmodel
fragments to be shared via the web (Domingue 1998).

Thetools provided to suppothe activities ofinformation providersarebased on our priowork

with The Digital Document Discourse Environment (D3E) (Sumner and Buckin@iam1998).
D3E supportsthe publication ofweb-based documents withtegrateddiscoursefacilities and
interactive components and is based on extensive researdtomtoypertextsystemscan support
critical reflection and the analysis of arguments in writing and software design (Bucki@fham
and Hammond 1994; BuckinghaB&hum 1996; Kolb 1997; SumndéBpnnardel etal. 1997). We
are adapting th®3E system tomake itpossible for information providers, such aspooate
trainers from BAe’sVirtual University, to construcbrganisational memories with oniyinimal

assistance from knowledge engineers. Using our publishirg, tpooviderscan publish HTML

files with special forms of navigation and integrated threaded discussion fauilitiesit requiring
them to have detailed knowledge of HTML.

The emerging ERICH methodology assumethat the application domairsatisfies various
applicability conditions. These include:

» Suitable work practices
The ENRICH approach is based on asynchronous collaborative problem solving. There must be a
need for such work practices. For instance, if collaborators typically resolve probléms o
face discussions andhen only documenthe result, ourapproach would probably not be
accepted. On the oth&and, ifthe collaborators are separated tloge and/or space,then a
shared discourse environment may provide an important role in the recording of emerging ideas.

* Availability of the knowledge
The knowledge required focreating the archiveeeds must bavailable. Depending on the
problemdomain, this knowledge is usuallycantained in documents whiakse avariety of
formats (e.g. plain text, images, diagrams or segments of computer code).

» Stability of the knowledge
Domainknowledge needs to be stable enough to be formalised as an ontology and associated
knowledgebases. If solvedexamples (casesjre used aspart of archiveseedsthey are
annotated in terms of the concepts within the ontologies.

As part of the ERICH Methodology, weare developing a comprehensiMecycle guiding the
deployment,use, and maintenance of EDAR archives. Ondifecycle we have built on is the
seeding, evolutionary growth, and reseeding (SERInodel (Fischer, McCall et al. 1994).
According to thismodel, knowledge engineevgork with end-users tareate an initial memory
‘seed.” End-usersextend theseed duringise, contributing t@volutionarygrowth. Attimes after



periods of extensivegrowth, knowledge engineers return to restructure and re-organise the
memory, an activity called ‘re-seeding.’

Developing archiveseeds is ammportant step othe ENRICH methodology. We often distinguish
between two kinds of archive seeds:

» Domain specific archive seeds
These are domain ontologies akdowledgebases.They characterise the contefdr the
problem beingsolved. The BENRICH methodologysupportsdomain constructiorr a form of
group learning in which collaboratingsersarticulate explicitextensions tdhe domain specific
knowledge seeds when reflecting on the problem solving processes.

* Problem specific archive seeds
These ar&knowledge models of best practices, cases or examplpsewibus solutions. The
knowledge models are described in terms of concepts from domain specific ontologiesirand
context is provided byhe knowledgebases Relevant examples retrieved frahe knowledge
model formthe buildingblocks for solving new problem&Vhen appropriateiew solutions
may be added to tharchive.Our methodology is built on the premisi®at therecording of
previous solutions, together withe addition andeuse ofelements of théestpractice library
significantly contributes to organisational learning.

During the case studies we found it productive to start théhproblem specific archiveeeds and
proceedtowardsdomain ontologies and knowleddmases, i.efirst to formulatethe problem
dependent contents and then to specify a langt@agdescribingthe domain. The increase in
productivity comes fronthe fact that the problem specikoowledge models drive aridcus the
knowledge acquisition process.

Since we addreghe problem ofearning while workingthe ENRICH application musfit into the
current work practices. In particular, thefECH tools must be integrated withe tools which are
currentlyused.Often theuserinterface will be a decisive factor in the acceptancthisf class of
applications.

We have extended tHf#ER model to includewo kinds of developers — knowledge engineers and
information providers. Knowledgeengineers and information providers (such aspamete
trainers) work withlocal developers tareate an initial archiveeed usinghe GEDAR toolkit. We

use a variant of the VITAL Knowledge Based SystéKBS) methodology(Jonker, Kontio et al.
1991) tocreate the initiakeed. The VITAL project was a fourand a half year research and
development enterprise whicimed toprovide both methodological ansbftware support for
developinglarge, industrialembeddedKBS applications. Knowledgengineers use EDAR to
create initialknowledge base ‘seeds’ by re-using and refining exigtiogel libraries. The key
contribution of the ERICH approach is to enable small teams of information providers to efficiently
create the bulk of the memory seed by publishing web-based documeisegrateddiscussion
spaces that are linked to these knowledge models, without requiring extensive spdeciiisiedl
knowledge or dependence on the knowledge engineers.

6. THE BAE TEAM WORKBOOK

The Team Workbook is a planning tool designed to stimulate more effacikéng of bothteam
leaders and theireams. It ispart of an overall educational programicedled ‘BenchmarkBAe’
designed to helphe Company adbve its goal to become a benchmark compdngough the
pursuit of excellence. This programme is bded by the CECand theseniormanagementeam,
who have identified five Values €ustomers, People, Performant@ovation & Technology,
and Partners — as keysdohieving this goal (published in ‘Our Ma Plan’ issue 2 1998). The
Workbook is used to prepardeliver and reviewValue Plans’ whichare Quality Managment
plansthat are tied to the aims embodied in the Maues. A Value Plan is aimterlinked set of
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structured documents where the team sets out their objectives, actions, and methods ttheichieve
goals for each of the five values.

The currentWorkbook is paper based and istive process ofoeing deployedacrossthe entire
company(44,000 employees). Usinthe Workbook, local teams identify their internalistomers

and suppliers, map their key processes, measure their performance, and collectively work to secure
higher levels of performance and greater customer satisfadtien\Workbook includesTotal

Quality Management (TQM)tools and is designed to be suitafie teams withlittle or no prior

TQM experience. A support structure of trained facilitators is also being implemented. To assist the
adoption of theworkbook, these facilitators will go into the workplace andrk directly with

teams conducting planning sessions.

The Workbook is based aroundtlaree stepprocess: (1) preparinthe ValuePlan, (2)declaring

and delivering theplan, and (3) reviewing and improvintipe plan andwork practices. These
iterative steps provide a learning framework enabling teams to secure continuous improvements in
their sphere of responsibility. Ithe paper-based Workbook, Value Plaage declared in a
‘planning sheet’. A planning sheet is a grid wheaehrow representthe plan componenter a

specific Value and the columns represent generic plan attributes, such as objectives or actions to be
carried out, common acrosai Values.Teams fillout the cells within the planning sheet aided by
‘guide’ pages which articulate the key issues to be considered.

Typically, in order to fill out a cell, theeammust first discussheseissuesand engage in specific
TQM exercises. Each TQM tool is described in one or two ‘tool’ pages followed byaample of
its use. These TQM tools includeactivities such asSWOT analyses (placinghe Strengths,
WeaknessesOpportunities and Threatsurrounding an issueto a quadrant) andrishbone
diagrams wheré¢he results of a brainstorming sessiane placed in a type of tresructure.
‘Review’ pagesenable teams to reflect amhat aspects of a plannirggssion worked from an
individual andteam perspective andthow they would consider changingheir approach in the
future. The paper-based Workbook also contains a few examples of completed exercisggeand
Plans. If a facilitator is present during a planning session, he or she provides supaltiesdo
the team on generalorkbook processeand on the deployment of specifiiQM tools and
techniques.

6.1. The Value-Enriched Workbook

In this project, weare using (EDAR to construct adigital Value-Enriched TeanWorkbook
underpinned by a knowledge base representiadive Values.While thepaper-baseavorkbook
helpsteams to become communities of practicajaes notdirectly contribute to organisational
learning because thesults ofthe planning activities are neaptured, re-used or shared. The
digital Value-Enriched Team Workbook tries to address this limitation by enabling:

(1) teams to articulate thgmansdirectly within theWorkbook and todiscussand reviewtheir
plans on-line.

(2) distributed teamée.g., customers and suppliers) to share experiences angiaesites by
linking their shared plans and values.

(3) teams and Virtual University staff (such as facilitators) to feed into and augment the corporate
knowledge base according to needs arising through use of the Value-Enriched Workbook.

The digital Workbook incorporates the same ‘pages’ as the paper version dekhaslditionally
‘enriched’ with several different forms of knowledge:

* Informal Knowledge.Each Workbook section is integrated with a threaded discuassan
enabling teams to capture informal aspects of their deliberatiodesmslon-making. These
discussionareas are linked to the relevaparts of the Value-Plan currently being
considered.
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* Semi-formalKnowledge. The

documents in thé/orkbook are stylized andtructured,
with parts of one document being dependent on parts of ddwmentsWhile the text
entered into the documents isformal, the rich relationships between the structured
documents are formally represented in digital Workbook. Making these relationships
explicit helps end-users understath@ relationships between differeM activities and

different parts of theivalue Plan and enabldabke system (the/alue-EnrichedWorkbook)
to use this knowledge to better support their planning activities.

 Formal Knowledge. The Workbook is linked to an extensible knowledgmodel

representing the Values and BAe’s organisatistalcture. These knowledgemodels,
together withthe structured document relationships ased bythe Workbook to provide
case-based retrieval mechanisms and active forms of computational support for the planning

process.

Figure 1 shows a screen snapshot of part of an ‘enriched Value Pthr’ digitalWorkbook. As
shown, the user is focusing on eell wherethe customer-action part of a plandsclared. From
this cell,the user isable to move to relevamptarts ofthe workbook, such asppropriate guide

pages.the relateddiscussiorarea or to an appropriate segment ofkhewledge modelMost of

the top-level threads in thdiscussionareacorrespond to ammporant ‘question to consider’ as
listed in the related guide page. Forms are provided that abens toadd newcomments or even

new topics for discussion.

=
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Figure 1: Theuser is browsingpart of thediscussionarea (shown on thléé t) and the

Customers: Action part of the enriched Value Plan (shown on the left).

The knowledge models suppottie automatic retrieval of placomponents relevant to the plan
under construction, and provide consistermtyecking between planomponentsRetrieval is
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enabled by a representation of the organisational structure of BA&isess unitand of the five
Values. Eachbusinessunit is described in terms of the activitiperformed, market segment,
customers and suppliers. A number of interface tools exist to supp@eval (see (Domingue and
Motta, 1999)). Internallyretrieval requestsare transformed intoAOCML queries. Pre-designated
classes of instances within knowledge modatstain the URLs of associateddocuments.
Whenever the solution to an OCML query contains one of these instances the redvpage is
automatically displayed.

In Figure 1, theuser has elected to viethie portion of theknowledgemodel which describes
customer actions. The user can use this hierarchy in three ways:

» as aguide for browsing the workbook guides, or related plans,
» as a knowledge based query interface,
* as a prompt for the current consensus on agreed terminology.

In the formalknowledge model, aorporate valudas fourmain attributesparameter, objective,
action and measure. These attributes are derivedtfremplanningools withinthe workbook and
are thosedeemed of importance by tli&Ae executive manageme(fOur Value Plan’ issue 2
1998). Using ouknowledge modelling tools (see secti6rB), asimple algebra describing the
relationships between the attributeas defined. Thislgebra allows the model to hesed to
specify dependencies and constraints between plan components.

For example, team members need to have a specific set of skills to carry out certain tatditeals’
to the Customers Value, such as knowing how to do customer surveys. Thus, fillingpartook

a Value Plan (e.g., the customers-actions cell declares ‘do customer surveys’) can ihibwersce
team should fill in another cell in the Value Plan (e.g., the people-actions cell declares ‘learn how to
do customersurveys’). Inthe paper-based Workbookhese dependencies must &eplicitly
managed by the team during a planning session. Thislepraticfor severalreasons as (1) it is
quite a large cognitive load temember, track, and resoltiee numerous dependencies, and (2)
successfully managing these dependemes requires a deep understanbdengplahningprocess
which teamswho are just learningthe processwill not have. Inthe digital Workbook, these
dependencies between parts oValue Plan can be establisheduring usetime (in a plannlng
session) byenriching the relevant part of the ValB&an with a link tathe appropriate part of the
underlying Values model. As shown in the following scenario, this foreno€hment enables the
system to providactive support duringhe planningorocess by pointing oytlan inconsistencies
and providing relevant knowledge.

Our aim in creating th&alue EnrichedWorkbook is to ensurthat theWorkbook is notmerely a
source of knowledgthat isreferred to frontime to tme, but rathethe means byvhich teams
carry out all plan related actions, discussions and reflection.

6.2. A Scenario using the Enriched Workbook

We'll illustrate thebasic functionality of the enriche®forkbook, and indeed the core features of
any (EDAR archive fromthe end-user perspective, usingsinple scenario.lImagine a planning
session iIBAe’s Regional AircrafBusiness Unit where a group @harge of marketing aviation
support services isreating theirfirst ever ValuePlan, with the assistance of facilitator from
BAe’s Virtual University.

The marketinggroup andthe facilitator are gathered together in a meetimgm containing a
networked personal computer witfie monitor projected so thaveryone can see thWorkbook
contents.The marketinggroup began thesession by loggingnto the Workbook archive. In
addition to providingsecurity, logging inenables thesystem to identify parts ahe knowledge
base relevant to this particulgroup’s businessinit; i.e., the relevant part of the organisational
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model,the existingValue Plans fromothergroups in this Business unWalue Plans fromother
similar groups in other units, etc.

After a brief presentation on the planning process by the facilitator, the group first files tthe

“Where are wenow againstour values?"worksheet forthe Customers Value. In this activity, the

team mustdecidewhere theyare against a spectrum of customeeds awareness criteria, and
where they want to be. These criteria range from ‘we have little understanding of our customers’ to
‘we have documentedur customer needs’ to ‘wWeave measurable performance critevith our
customers’. Asntended by thevorkbook designtrying to choosehe proper criteria sparks a
considered debate, as shown in the discussion window in Figure 1. The facilitator acts as a ‘scribe’
and records the key points thie debate in thdiscussion areattributing the added comments to
people who made them. After much debate, the group decides that they know about their customers
and products and this knowledge is documented, but they have not tried to nheaswrell they

are meeting their customer’s needs. They narkes inthe form to indicatewhere theyare (have
documented needs) and where they want to be (have measurable performance criteria).

These activities have taken an hour and the group breaks for coffee. During the bifeakitdia
showsthe group’steam leadehow to usethe Workbook discussion forunmAfter the break, the
team leader will takever the ‘scribe’ role, while the facilitatodooks on and offers assistance as
needed.

After the break,the group beginghe Planning exercise and considers wtiair objectives and
actions will be with respect to the Customer Value, given their current level of custar@emess.
The facilitator suggeststhat rather tharstarting their plan fromscratch,the group use the
Workbook toretrieve relevanplans theymay be able to builen. The team leadechooses to
‘retrieve relevanplans’ andthe EnrichedWorkbook usests case-based retrieval mechanism to
select similar cases.

The workbook has identifiethreeplans as being versimilar — themost similar is a plan from a
marketing group in another business unit in the commercial aerospace sector thfeBAgxt most
similar is a plan from a marketing group in BAe’s real estatdor,and the thirdnost similar is a
‘prototypical’ marketinggroupplan that the VirtualUniveristy created as part of thé&/orkbook
seed. In this case, similarlity is determined by the systenganisational knowledge geroducts,
servicesand activities in the differerttusiness unit@and thecriteria thegroup selected to best
represent their customer awareness in the “where amowe.” exercise.The retrievecplans are
‘enriched’ in thesensethat thereturned Value Plan also includedigital form of the Planning
Sheet with embedded links to parts of the discussion generatbd bther teams anghrts of the
Values model that the other teams chose to link to.

After inspecting the threeases,the group chooses to modifthe planfrom the commercial
aerospace unit. The group elects to keep the same objective “to continue to document our customers
needs and to establish measurement criteria and processes.” However, the group is in disagreement
as to whether to adopt the saawions.After somedebate(which the team leaderecords in the
discussion areajhe groupelects to dosome customesurveys (aghe othergroup did) but in

addition, to conduct a focus group fpotential’ customersvho are currentlypurchasing services

from other suppliers.

The team leadenow begins torecord thegroup’s intentions into theCustomer — Actions’
document (left half of Figurel). Surveysare astandard technique advocated and hence are
represented in the underlying Valuemdel. The team leader selecsurveys’ fromthe list of
techniques provided bthe Workbook. Since the relationship between techniques skids is
represented in the underlyinghowledge basethe Workbook responds tdhe selection of
‘surveys’ by displaying in geparatevindow the names of people in similgroupsthat can be
contacted for advice abostirvey techniques. Focus grougre not represented in the underlying
knowledgemodel so théeam leadesimply types this intention intthe textarea.The facilitator
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asksthe team leader tannotate the ‘customer-actions’ part of the masdigh a suggestion to
includefocus groups irthe standard techniques. Awrt of theongoing Workbookmaintenance
and release cycle, staff at thietual University periodically examine these annotati@rl decide
which suggestions should indeed be formalized in the Workbook’s knowledge models.

6.3. Creating the Workbook Seed

To help ensur¢hat the Value-Enrichewvorkbook andthe (EDAR toolkit meets theneeds of our
users, we are following aterativeand participatory (Greenbaum aKkglung 1991) development
strategy where design and implementation activities are drivesdxgxperiences itwo sucessive
workplace trials. Thisarly deployment will provide important feedback and will drive further
development of both the Workbook archive and tBBAR toolkit.

We arenow inthe process of revisinghe seed ofthe digital Value-Enhancew/orkbook for the
second user trial. Currentlynembers of theKnowledge Media Institute (KMi) are acting as
‘knowledge engineers’ and members of BA&stual University (VU) are serving as the
‘information providers’ envisaged ithe GEDAR Methodology.While we areworking together to
produce the reviseorkbook seed, it igrimarily the responsibility of the KMknowledge
engineers ta@reate thainderlying knowledge models atite emptyWorkbook structure and the
responsibility of the VU information providers toeate the examples of enrichedlue Plans and
planning techniques that are criticial to the seed’s usability.

The existing suite of tools ithe GEDAR Toolkit have beemsed toedit theknowledge models of
corporate values and organisational structure and to re-create the thtisadedion forums based

on theWorkbook’s guide pages.The threadedliscussion forumsre created automatically by a

tool which parseshasic HTML documents, re-presentsem according to aet of styletemplates
defining the look, and creates discussion threads linked to the corresponding document parts in the
new style. Knowledgenodels are editedising the tool shown in Figure 2. Usinghis tool,
knowledge engineersanbrowseand edit ontologies from Java enabledeb browsersThe left

panel contains a list of all the classes within the knowledge model. New model elemengsitace

by dragging icons fronthe central well into the graphicdlsplay area on theright. Once the
knowledge engineer clicks on the graph@ada the textual definition of the corporate-vaiisss,

shown in the small central window is updated. The textual definition of the action class is displayed

in the small window on

the right.
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7. DISCUSSION AND FUTURE WORK

As we stated in our introduction, there is a strong need for organisations to movetfealiticaal
‘knowledge transfermodel of on-the-job training to ornehich integratesvorking and learning.
Specifically, in this project we are trying to rethink current training practices to: (1) move from one-
shot training courses to continuous learnimgcesses and (2)ove from training focused on the
individual to incorporate work group and organisational learning. We will now examinetherRC
approach and the Team Workbook project with respect to these goals.

Moving from one-shatraining to coninuous learning processes. The paper-based Workbook
programme developed by BA&4rtual University alreadygoes a long way towards supporting

this goal due to its ‘teaching by doing’ approach #relinnovativesupport oftrained facilitators

who gointo the workplace and help teamasth their specifics plans, instead of lecturing on
planning techniqueslThe digital Value-EnricheWorkbook tries to further enhandearning by
making it easier for novices to engage in planning activities. Specifically, we envision that the case-
basedretrieval mechanisms will enable ‘planning by modificatiomhich should in theory, be
easier than starting from scratfdr peoplenew tothe planningporocess Additionally, the linking

of the discussion forums with the relevant parts of the Value Plan should support teams to build on
their previous decisions améflect on theiprevious plans and thyzromote a more continuous

and incremental learning process.

Moving fromtraining focused orthe individual toincorporatework group and organisational
learning. In this paper, wehave described an integrated learning apprdaabed onthree
processes: reflection-in-action, domain construction and perspéakivigy. These thre@rocesses

are founded on theories of working and learning and our own empirical research, and are embodied
in the &EDAR methodology and toolkit. It remains to bmpirically evaluated as twhether these
processesare indeed realized in specifarchives createdising (EDAR, such asthe Team
Workbook. In our future work, weiill focus onexamining whether these learnipgocesses are
supported according to the following working hypotheses:

Hypothesis1: Individual learning and reflection-in-actionwill be supported by providing
practitioners withactive support(i.e., agents) for constructing and reviewing plans using
TQM methodologies. We will consideeflection to have occurred if individualtiscuss
throughthe workbook their plans orthe methodologies. We will consider learning liave
occurred if individuals improve their plans in response to agent intervention.

Hypothesis2: Group learningand domain constructionwill be supported by linking the
plans to the underlying knowledge bases amabling practitioners to enrich both their own
plans andhe knowledge base. Wwill consider domain construction to have occurred if
practitioners enrich themwn plans with links tahe knowledge bases and practitioners
extend or discuss the underlying knowledge bases.

Hypothesis3: Organisationalearning and perspective-takingvill be supported bylinking

groups using the underlying corporate valoesdel. Wewill consider perspective-taking to

have occurred if practitioners engage in debate or negotiation about another team’s plan with
respect to their own planning objectives.

Consistent with recommended casady approaches, weill collect several types ofjualitative
data (including memory content analysisprkplace observations, ansurveys) during our
upcoming user trials to attain convergence in our final data analysis (Yin 1984).

8. SUMMARY

We believe thatour approach goes beyormdirrent approaches to supportitearning in the
workplace since:
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* The contextin which work productsre created and extendedtightly integratedwith the
parent work product,

* Tools and a methodologsre provided tofacilitate the continuous growth othe archive
facilitating domain construction,

* Agent services built on top of tha@owledge modelproactively instigateeflection within the
workforce.

The BAe TeamWorkbook is one of six ongoingials (3 industrial, 3academic)involving the
ENRICH approach. Preliminary feedback froraEAR developers and end users in fivetlod trials
were used tareate a list obrganisationalmethodological andoftware requirements. A new
version of the EDAR toolkit is currently being evaluated in a series of fresh trials which will finish
at the end of this year. Future work will involve incorporating the requirements eismieige from
these trials into theNMRICH methodology and theEDAR toolkit.
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