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Traditional training separates leaning from the work context in which the newly acquired
knowledge is to be gplied. This requires the worker themselves to apply imparted
theoreticd knowledge to knowledge in pradice, a processthat is grosdy inefficient. The
ENRICH approach builds on organisationa leaning theory to intertwine working and
leaning. The ENRICH methoddogy incorporates theories of leaning at the individual,
group and organisational level. Individual level leaning is supparted through the
provision of semanticaly related resources to suppat problem reframing and to
challenge assumptions. Group leaning is supparted through the evolution of domain
concepts through work documents and representations linked to formal models of group
knowledge, and the development of group pradices and perspedives through enhanced
sharing and collaboration. Organisational leaning is supparted through exposure to
customs and conventions of other groups through shared best pradices and knowledge
models. The gproach is being investigated in a range of industrial settings and
applications.

1. Introduction

Leaning as an integral part of working returally occursin the vast majority of organisations. Workers will,
among other things, share stories, offer advice, adapt to new toals, and copy the behaviour of respeded
colleaggues. Thiskind of leaning, that is responsive to changes, generally social in nature, and conducted in
the work context, can be described as organisation leaning. Over the last few decales a number of theories
and definitions of organisational leaning have been offered, though there ae anumber of common threads
running aaossthem. First, organisational learning primarily occurs within a community of pradice[12].
These communiti es do not necessarily equate to the formal team structure of the organisation. Seaond,
organisational learning occursin coll aborative adivity, which requires an appropriate ollaborative ailture
[1]. A third common fedure of organisational learning is the reuse and reworking of past experience and
solutions[1, 13]. Organisational learning buil ds on, questions and modifies previous lutions and idess.

Organisational learning is often quite different from the processes employed by the organisation when
training staff. Traditi onal approachesto training involve strategists within the company identifying or
predicating the skill s gap between the cmmpany they need to be and the aurrent competencies of their staff.
The gap is then bridged by conventional training methods that extend staff competencies to mee company
requirements. Traditional approadhes to training have anumber of shortcomings. Firgt, training has been
shown to be ineffedive. Detterman [7] reported that 90% of training was not transferred to the job, wasting
$90 hlli on per yea inthe US. Thisis believed to be due to training occurring outside the normal context of
work, and therefore difficult to transfer. Second, this approach also leads to stressamong employees, as
skills have to be developed intermittently and abruptly [11]. Third, the processis amost solely top-down,



where senior personnel must identify what needs to be done axd how, devaluing the role workers can play
in determining their own development.

Esentialy, traditional approaches to training concentrate on providing theoreticad knowledge, whichis
vital, but training often fails to suppart the worker in trandating what they have learned into pradicd
knowledge. Thereisa dea contrast between having theoreticd knowledge eout some subjed, and
knowing how to put that knowledge into pradice We ae not claiming that organisational leaning should
replace # forms of training, but that learning through pradiceis undervalued and ill supparted in many
organisations. Although organisational leaning can appea to be an attradive propasition, it islimited in its
scope ad paceif unsupparted. There ae anumber of acounts of successfully integrated working and
leaning. A goodexampleisOrr's[16] acount of photocopier enginee's sharing "war stories' about faults
in different kinds of machines and how they were solved. These stories were fredy shared within a
community of pradice and became avery effedive unofficial leaning resource, quite different to the
official manuals provided by the company. Although thisis an acount of effedive leaning within a
community, organisations require learning that can readily span space time and community boundaries,
providing krowledge on demand to those who nedd it.

The overal aim of the ENRICH projed [22] wasto develop a methoddogy and technology that could
harnessand caalyze organisational leaning processs for the service of the individual worker, workplace
community, and the organisation as awhole. The ENRICH approac buil ds on knowledge and dacument
management sol utions by focussing primarily on suppart for the evolution and generation of knowledge
rather than diredly the management and capture of knowledge. Within ENRICH, knowledge is captured as
a onsequence of supparting its generation through the tools we provide. Individual level leaningis
supparted through the provision of semantically related resources to suppart problem reframing and to
challenge assumptions. Group learning is supparted through the evolution of domain concepts through
work documents and representations linked to formal models, and the development of shared pradices and
perspedives through enhanced sharing and coll aboration. Organisational leaning is supparted through
expasure to customs and conventions of other groups through shared best pradices, and the devel opment of
explicit conceptuali zations of common views. The ENRICH approad, like dl knowledge management and
organisational learning applications requires certain conditions within the host organisation, such asa
sufficient culture of collaboration and cooperation. ENRICH, or any other appli caion, cannot crede these
conditi ons where they do not exist [14].

The design and incorporation of an organisational leaning application requires a theoreticd paosition on
how organisations can lean, and the nature of the knowledge aeaed and used in the workplace Toward
this end, the next sedion will describe our perspedive on the nature of organisational knowledge and
leaning. Sedionsthree and four will then describe how working and leaning are integrated around
important representations used in the workplace and the representation and evol ution of formal knowledge.
Sedion five will summarize how ENRICH provides ongoing suppart for organisational leaning. Sedions
six and seven will outline the developer methoddogy and when the ENRICH approach can be used.

2. The nature of organisational learning

Supparting organisational leaning requires an urderstanding of the kinds of learning and knowledge found
in the workplace Leaning can be dharaderized on the level of the individual, group and organisation. For
example, anew ideamay be initially creaed by an individual within ateam. Thisideamay then be
modified and elaborated through coll aboration within the team, and become incorporated into revised work
pradices. This may beaome known and adopted by other teams and eventually even lead to changesin
company palicy. At ead of the stepsin this hypaotheticd example the knowledge that started as a new idea
takes different forms, plays different roles, and requires different kinds of suppart. Our approach focuses on
four types of learning: reflectionrin-adion (at the individual level); domain construction and community of
pradiceleaning (at the group level) and perspedive taking (at the organisational level). We will now
describe our theoreticd framework as to the nature of work-based learning and its relation to knowledge.



2.1. Individual level learning

Our theoreticd basis for identifying the occurrence of individual leaning is Schén's [18] theory of
"refledion in adion". Schon claims that a professonal worker (i.e. knowledge intensive worker) uses and
applies arange of knowledge and skills during their profesgonal duties (whether they be adoctor, enginee,
archited, manager, etc.) in a seemly effortlessway, that would bewilder an untrained onlooker. He refersto
this as "knowledge in adion”. Reflection in adion occurs when the knowledge that a worker uses and
applies during their professional duties produces an urexpeded outcome. Often this will be because
applying their professional knowledge has fall en short of deding with the problem they were trying to
solve. This bregkdown in their work requires then to reframe the problem — view the problem from a
different perspedive. This all ows them to refled on their adions, question their assumptions and reshape
their adivity, whilst in the processof their everyday work. Oncethe breakdown has been resolved, they can
return to working with knowledge in adion, combined with explicit knowledge.

Reflectionin adion highlights an important distinction between two kinds of knowledge gplied within the
organisation: taat and explicit. Tadt knowledge is the knowledge that is used effortlesdy and routinely as
part of work, but it is hard for the person who wses that knowledge to explicitly describe that knowledge
and how it used. A designer may intuitively fed that a particular approach isright, or doamed to fail ure.
They cannot explain why, but their intuition is nealy always corred. Their tadt knowledge is aresult of
experience ad only beacomes apparent through adion. An important advantage of tadt knowledge isthat it
alows the worker to concentrate on other, less routine problems. Workers can rely on tadt knowledge until
abreg&down occurs, when some assumption within which the tadt knowledge is grounded fails to hold,
leadingto reflection in adion. This processof refledion brings explicit knowledgeinto play.

Reflection in adion can be thought of as a processof generating and modifying explicit knowledge related
to adion that was guided by tadt knowledge. Explicit knowledge has the advantage that it is open to
scrutiny and can be discussed among coll eagues. Individual leaning and knowledge aedionistherefore
closely related to the interplay between tacit and explicit knowledge. Within the ENRICH approach we am
to capture the aedion of individual knowledge by focussng on reflecion in adion which sits on the
boundary between tadt and explicit knowledge.

2.2.  Group level learning

We interpret group level learning within organisations using the notions of domain construction [20], and
community of pradiceleaning, which draws on a number of sources|[6, 12, 17, 19]. We intend the term
"group" to encompass both officially sanctioned groups within the organisation, often referred to as teams,
and also unofficial groups emerging around shared interests, usualy referred to as communiti es of pradice

[12].

Domain construction describes the processes by which groups elaborate and evolve ashared knowledge of
their domain over time. Domain construction takes many forms: negotiating and defining nrew domain
concepts, making links between concepts, and making links between concepts and the todls of work. These
new concepts will evolve over time. Initially, a new concept will start to be used in informal dialogue
between workers. During these dialogues, debates will occur asto the utility of the cncept, its predse
meaning, and itsrelation to ather domain concepts. If the concept is found to be useful, then a wnsensus
will be readed, and the amncept beames a more fixed and formal part of the domain. During domain
construction, concepts gradually evolve from being informal and ill defined, to being formal and well
defined. Essentiall y, domain construction describes the processby which a group expli cates and formali zes
shared knowledge. Within ENRICH, we provide todls and methoddogy to suppart domain construction
within groups.

Conversely, we use the term community of pradiceleaning to describe the evolution and adoption of
shared tadt knowledge & the group level.. Group taat knowledge refers to the emerging conventions by
which a group works and shares ideas. For example, in Orr's[16] acount of enginea's sharing war stories,
even though the stories make expli cit some knowledge of a machine and how to repair it, there aeimplicit
fadors governing what makes a good story and how a story should be told. These mnventions are not
governed by explicit rules but emerge through socia contad within the group. Nonaka and Tadkeuchi [15]
in their acount of the knowledge aedtion spiral, emphasize the importance of making knowledge expli cit



so that it can be shared. Traditionally, in the organisational learning field, taat group knowledge was
acorded alower status, asit is hard to capture, quantify and share. Cook and Brown [6] suggest that this
acount underplays the importance of tadt group knowledge and argue for its equal importance They use
the term "organisational genre" to describe the nature of group tadt knowledge. They offer the example of
different communication medanisms (e.g. email, memo) becoming used for particular kinds of purpose
without any explicit rules being elaborated. Beyond the use of and choice of media, community of pradice
leaning also encompasses the way diff erent kinds of artefad develop shared meaning. Thisis particularly
noticedle in communiti es of designers. Schon [19] describes how within a design community, designs
clasgficaions emerge, which he terms "designtypes’. Designers use these & a communal method for
talking about particular types of design, without ever defining predsely what they mean. A design type
such as "end entrance building" serves as atag to a set of designideas. Similarly, Raglin [17] highlights the
importance of group tadt knowledge in his model of work based leaning, and describestheroleit playsin
intertwining knowledge of theory and pradice. Foll owing from these observations, within the ENRICH
approach we dam to appropriately recognize the importance of group tadt knowledge and leaning, which
we refer to as community of pradiceleaning.

2.3. Organisational level learning

Perspedive taking [2] develops a model of how learning can occur aaossdistinct communitiesin an
organisation. They argue that innovation in knowledge intensive mmpanies, that comprise spedali zed
communiti es, necessitates the &bility to make perspedives within a ommunity and be éle to take the
perspedives of other companies. Perspedive making is the processby which a cmmunity develop their
own domain knowledge and pradices, whichis closely related to our conceptualization above of group
level learning. Perspedive taking describes the processby which communities recognize use and evaluate
the perspedives of other communiti es as part of their work, and use these to refled on their own work
pradices. An example of perspedive taking would be for a ommunity to read and refled upon a complex
document prepared by another community. Understanding the document and its potential relevance
requires the reader to engage in the world of the community that prepared the document. This processof
perspedive making permits a cmmunity to then view and eval uate themselves from another perspedive.
Additionally, perspedive taking may be supparted by forums that all ow communitiesto develop a shared
perspedive, to suppart the sharing of knowledge acoss community boundaries.

Perspedive taking relates to Argyris and Schon's[1] acount of double loopleaning. They distinguish
single loopleaning which drives incremental organisational change, from double loopleaning which
presentsitself as more radicd strategic change. Double loopleaning requires an organisation not only to
question work pradices and what they have leaned, but also question how they have leaned. By
appredating the perspedives of other communities, it becomes possble not only to refled on the dficacy
of your current work pradices, but also, on the way in which you adually evaluate your success. Within
ENRICH we develop suppart for taking other community perspedives and huil ding shared cross
community perspedives.

3. Enriching work representations through organisational learning

The ENRICH approach aimsto provide suppart for the four kinds of learning outlined above (refledion in
adion, domain construction, community of pradiceleaning and perspedive taking) and capture
knowledge naturalisticaly as a mnsequence of this suppart. In particular, two kinds of suppart are provided
to workers. First, workers are given the fadli ty to coll aborate and negotiate within the mntext of their
work, via aynchronous discussion spaces linked to important work representations. These work
representations may be important documents or tools used as part of their work. Second, work
representations are semanticaly linked to formal knowledge structures all owing workers to search for
semanticdly related resources. These toadls provide suppart for collaborating and leaning in the context of
work. As a amnsequence of these tools being wsed in the organisation, the representations of work become
"enriched" in two ways. First, through collaboration using the aynchronous discusson todls, informal
discussion evolves around the work representations enriching them with context. Second, over time further
work representations become linked to the formal knowledge model, and the knowledge model itself is
extended to refled the incremental evolution and formali zation of organisational knowledge, enriching the



work representations with formal semantics. These representations of work, enriched as a cnsequence of
supparting work based leaning, themsel ves become part of the organisational memory, and therefore
beome part of the leaning resources of the organisation. ENRICH therefore supparts organisational
leaning in two interrelated ways:

* Tools sippat organisational leaning around representations of work, which become enriched as a
conseguence

*  The eriched representations form an evolving organisational memory that supparts further leaningin
the organisation.

Two main kinds of design adivity occur when deploying our approach. This dion describes design
adiviti es concerned with identifying or designing representations of work within the organisation, and the
collaborative adivities that occur around them. The next sedion describes construction of the formal
knowledge model to which the representations are linked. Although these two tasks are described
separately, they are in pradiceintertwined.

Our approach centres around work representations. Before describing their identification or design we will
describe what we mean by a "work representation” (abbreviated as WR). The neaest single word in
English to the meaning we wish to expressis "document", but our definition of WR differs from the
generally accepted definition of document in two ways. Firgt, the term document, can imply a paper centric
or bureaucratic way of working, or imply typical document genres gich as reports and memos. Brown and
Duguid [5] in their acount of documentsin the digital world, included artefads sich asradio and
television programmes within their classificaion of what constituted a document. Similarly, we wish our
definition of WR to include any artefad that can be contained in aweb page, including audio, video and
virtual redity. Seocond, in terms of the role that it plays within the workplacewe intend WR to have a
narrower definition than document. Knowledge aucial to the organisation is cgptured, stored and accessed
from WRs within the organisation. Additionally, the WRs are cantral to work adivity, rather than
functioning as receptades of information. These WRs fadlit ate the negotiation of shared meaning, enabling
communiti es to come to some degreeof consensus on a particular domain [5]. To reserve the use of the
document in its more general form we alopt the term work representation (WR) to describe documents of
work that may be instantiated in arange of media and serve an adive rather than just recording role in the
workplace

Our first task when analyzing the organisation is to identify these WRs that function as community suppart
tools and identify how they are incorporated with work pradices, who uses them, and the nature of the

coll aborative adivities they suppart. Our integration of toolsin a number of organisations has identified
spedfic examples of WRs with a number of common charaderistics:

*  WRssuppat spedfic work cases or episodes.

WRsare used to cgpture ongoing problem solving adivity as well asfinal solutions.

e Individuals or team members have explicit resporsibility for aWR and its asociated tasks.
*  Solvingaproblem captured in a WR requires coll aboration.

We will now illustrate the identification and redesign of a WR using one of the cae sites from our projed.
In our case site in the aeospaceindustry, the identified WR was an existing paper based team planning
toadl. A team plan is completed periodicdly to suppart refledion on current team performance, set nea term
targets, adions for delivering them and measurements of success. Preparing the planis a ollaborative
adivity involving the whole team, and a fadlit ator, who is the member of the team responsible for
recording contributions in the plan. Each new plan builds on its predecesors, and the ongoing experiences
of the team.

When designing the digital version of the team planning toadl, a cucial issue to investigate was the nature of
the wllaboration and communication surrounding the use of the plan. Thisis because wllaboration reveds
the cmntext and reasoning behind a solution, and a solution in context is afar more dfedive leaning
resource Thereisagrea ded of suppart for the ideathat solving red world problems should be thought of
as dtuated and collaborative [12]. Important lesons from an ealier problem solving episode ae
inextricably linked to context and much islost if they are decontextualized into a canonicd form [4]. Aswe



wish to cgpture the reasoning behind a solution we need to know how collaboration currently occurs (e.g.
viaemail, face-to-face written memos, etc.) and how it can form part of the catured solution. Our aim to
cgpture important events within the allaboration also has the dual role of serving as a design rationale for
thelife of the aurrent problem, supparting those involved in reading an optimal solution. With our case
within the aeospaceindustry, face-to-face oll aboration forms an important role in constructing ateam
plan. Contributions to the meding are recorded by a fadlit ator. Results of the meeting, including targets are
publicly displayed and periodicdly updated, often as a document for distribution, and on the team notice
board. Current performance ajainst the target is also presented on the notice board.

Although one of our aimsisto cgpture and share the cllaboration and rationale behind a solution,
enforcing rew patterns of work to make the cature processeasier would not be gpropriate. For example,
if synchronous communication isthe current way of working, then trying to force workers to communicate
asynchronously would be doomed to fail ure. We need to understand the role of communication in the
adiviti es around the WRs, and consider how they can be supparted by, incorporated with, and improved
by, our technology.

Faceto-face ollaboration at planning meeings continued with the new tod, with contributions being
entered by afadlit ator. An added benefit of the new approach is that cgpturing and laying out the rationale
in amore structured way helpsto ensure that alternative suggestions are adequately explored in the
meeing. The redesigned planning toadl is shown in figure 1, modified dightly for reasons of confidentiality.
The centre of the window shows the new version of the previously paper-based planning document. The
discussion and rationale spaceis shown to the right. This document was prepared using an extended
version of the Digital Document Discourse Environment (D3E) [21].
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Figure 1. A redesigned planning document (in the centre), with a navigation bar (to theleft) and an
associated discussion and rationale space (to theright).



Another important design issue was the development of the initial seed structure of the discusson and
rationale cgture component of the WR. Thisinitial seed was based on the identified stereotypicd steps or
issuesinvolved in the adivity the WR supparted. These were identified from interviews with workers and
an examination of the original document structure. Discusson sealsin thisinitial version covered issues or
steps such as problem description, objedives and adions. In our team planning scenario (seefigure 1), the
discussion is saded around the five company values (customer, people, performance, partnership and
innovation). During the planning meding thisis used to record the main points raised, concerning the
justification of the plan. During the foll owing months, this areais used to record progressagainst, and
discussions about the measurable objedives outlined in the plan. At the next planning medting, the
discussion areafor the previous plan gvesarecrd of how outcomes related to objedives, which isthen
taken into account when developing the new plan.

Many of the lessons leaned when solving ealier problems, can be catured in working documents and
their associated discussion and be avaluable resourceto ather teams and individuals when solving simil ar
problems. Documents describing some past successful work episode, seleded and approved by the
organisation are often referred to as best pradices. Our agospaceindustry case had in placesome form of
best pradice achive, though these were not structured with any particular reuse methoddogy in mind. Our
aiminthe longterm isto extend the best pradice achive through the seledion and editing of important
team plans. The discussion associated with the working document has two important roles at this point.
First, it supparts the best pradice o-ordinator in ensuring the rationale and context behind a solution are
presented. Second it can be used to seed important points for discussion, to be mnsidered by ateam when
considering the best pradicein the context of their own problem or plan. For the initial seed, existing best
pradices were redesigned in our new environment and a discussion seed was developed, based on problem
solving steps identified in the use of best pradices.
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Our generic model of how WRs and best pradices are managed and associated with the formal knowledge
model, and the required roles within the host organisation is shown in figure 2. A WR is used by

coll aborating workers in the acomplishment of some task, such as team planning. A query engine
proadively or readively retrievesrelevant best pradices and previous team WRs with associated
discussion, based on information entered by the team. Best pradices and previous WRs are retrieved from
an archive acording to semantic assciations represented in the knowledge model. The knowledge model
iscomprised of a cmmpany knowledge model and a team knowledge model. The mmpany knowledge
model contains knowledge goplicable acossteams such as company structures and pdicies. The team
knowledge model represents knowledge locd to teams such as pedalized knowledge of their particular
domain.

Important issues related to the WR and orgoing progressare recorded in the discussion space Thisisthe
processby which the WRs becme enriched with context. Two new roles are required to suppart the
semantic enrichment of WRs and the identification of best pradice The aciation of WRs to the team
knowledge model, and modifications of the team knowledge model are undertaken by alocd developer.
Drawing on the work of Gannt and Nardi [10], alocd developer is generaly a member of the team, but
who has aqquired knowledge of, or been gven sometraining in the ENRICH tools and methoddogy. They
use their knowledge of the team and the domain in which they work to associate WRs with the team
knowledge model, and make changesto it. The cmpany knowledge model and best pradice achive ae
the responsibility of the best pradice @ordinator. They deted best pradice and then use the related WR to
produce the best pradice document. New best pradices or changes in the organisation may lead to
modificaions of the mmpany knowledge model. In the next section we will describe how the knowledge
model isformulated.

4. Constructing and evolving formal knowledge

Within the organisational learning and knowledge management communiti es, an important distinction is
made between formal and informal knowledge. This distinction appliesto knowledge that has been
externalized into some form, whether as language, models, sketches, plans, etc. The vast majority of
externalized knowledge fallsinto the cdegory of informal knowledge, asit is contextual, contains (perhaps
deliberate) ambiguities, and requires interpretation in order to derive its meaning. Conversely, formal
knowledge is an explicit, unambiguous representation of semantics. The dassficaion system used in a
library could be thought of as an example of formal knowledge. The dassdficaion of aparticular bodk in a
library gives an explicit unambiguous description as to the mntent of the bodk. The alvantage of formal
knowledge is that the semantics, that would normally only be derived from human interpretation, are
accesshle to a ammputer. Within the organisational learning, and cther related communiti es, these formal
descriptions of some domain are referred to as knowledge models. Knowledge models contain taxonomies
of concepts and rules gpedfying relations between them. Typicdly, this part of the knowledge model is
known as an ontology. Representation of important aspeds of adomain as an ontology all ows a ammputer
to perform a semanticdly driven search to find related resources. This approach, unlike dedronic
databases that primarily group dacuments, emphasizes developing a representation of knowledge to which
sophisticated reasoning mechanisms can be goplied. Within an ENRICH application, the role of the
knowledge model is to establish viable cnnedions between descriptions of work entered in the arrent
WR and paentialy useful best pradices. The role of the knowledge model istherefore to suppart effedive
reuse of knowledge contained in best pradice documents, and previous working documents of the team.

The seach for relevant best pradices could be done & atext search or keyword seach. Thisapproachis
inadequate for our purposes. A conventional seach proceeds by looking for documents containing the
reguested text. In our case, the words on which the seach isbased (i.e. the words entered in the working
document) are not necessarily words appeaing in the most appropriate best pradice document. Some
processof inference, some knowledge, is required to make the mnnedion between the working document
and the best pradice The search processis therefore far more than matching text and can draw on quite
abstrad concepts. The processof constructing the knowledge model can also have abeneficial side dfed
of mapping out the learning resources of the organisation, all owing them to identify their strengths and
areas of their work that need more suppart.



Our construction of knowledge modelsis supparted the WebOnto toal [8], which all ows the llaborative
editing and viewing of models via a @nventional web browser. Figure 3 shows a screen snapshot of
WebOnto. The represented ontology relatesto our team planning scenario. The left part of the larger
window contains alist of all the dasses defined within the model. The right part of the window allows the
classes and instances to be graphicaly browsed and edited. Each node within the ontology contains dots
and values of the ontology. The small er window to the front of figure 3, provides a detail ed view of the
cust omer - best - practi ce node.
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Figure 3. A screen snapshot showing part of the ontology underlying the selection and representation
of documentsin our team planning scenario.

Within our approad, the formal model represents threekinds of knowledge: process domain and media.
Processknowledge describes how a best pradicerelates to a working document. Domain knowledge
describes the domain of work, such as work products and machinery. Media knowledge describes where
resources can be found. Our approach to huil ding the knowledge models always kept in sight the way in
which the knowledge would be used: to successfully discriminate between and seled best pradices based
on information in the working document. Some charaderistics of the organisation, its structure and
products, althoughimportant in other situations gave little leverage in the seledion of best pradices and
therefore played alessr role in the knowledge model. This asped of our approach can be described as



minimal ontological commitment [23]. Also, as will be described below, the relative importance of the
processknowledge and domain knowledge differed considerably between the test sites. Determining the
significance of ead of the threekinds of knowledge, and determining their role in finding best pradices
involved agreda ded of preliminary work observing work pradices, interviewing staff and assessing the
documents and how they are used. We will now briefly describe the threekinds of knowledge and therole

they play.

Processknowledge describes the inferential processof how a best pradice can be seleded as appropriate
for the aurrent problem. The nature of this part of the knowledge model was grongly influenced by the
structure of the planning or problem solving processas refleded in the working documents. These provide
concrete evidence & to how the processworks, where within the processbest pradice knowledge can be
useful, and the reasoning behind the existing wse of prior knowledge when solving problems, either from an
existing archive or personal experience This was used to identify abstradions of the problem solving
domain utili zed by workers and their application of heuristics. The processof seleding best pradices could
then be embedded within an urderstanding of the problem solving or planning processas awhole. Then,
turning spedficdly to the selection of best pradices, development of the processknowledge model
focussed on how information in the working document could be used to rulein or rule out a potential best
pradice This drew on formal methoddogies or classfications embedded in the aurrent use of the working
document, and newly identified discriminating charaderistics of best pradices lying outside the formal
methoddogy.

On analysis, the structure and terminology of ead kind of document reflects aformal methoddogy of its
use, which is also reflected in the structure of the best pradice achive. In our team planning case, the
planning processis gructured around five values, serving as dimensions along which their current and
target performance ca be measured. One valueis “ Customer” which measures knowledge of the austomer
and the quality of proceduresin placeto mee customer needs. The team’s current and target performance
onthese valuesis sored on ascde from oneto nine. Most best pradices are dassified as to the value they
address and some have “before and after” scores giving an indication of the benefit the best pradice ca
provide for the team.

Our analysis augmented this formal methoddogy with further attributes that helped to improve
discrimination between best pradices. These focused on two issues. First, we represented the range of
lesons embedded within best pradice (represented inthel esson- | ear ned concept). These included
for example the benefits of aregular maintenance agreement. Seaond, we represented the problems this
lesson could solve and the nature of the solution state (represented asbest - pr acti ce- pr obl emand
best - practi ce-sol uti on). The planning processand the utili ty of lessons learned tended to be
fairly independent of the domain of expertise of the workers. A marketing team could lean from a
manufaduring team and viceversa. This contrasted sharply with the other two test sites where domain
knowledge played afar greaer discriminating role.

Domain knowledge is used to represent the domain of expertise within which the members of the
organisation worked. Thiskind of knowledge was found to be relatively lessimportant in our agrospace
case site, as many of the lessons and concepts related to team planning were independent of the particular
domain of work. The oppasite was true in one of our other cases in which the knowledge of how to fix
faults on various kinds of mining machine was represented in the ontology. In this case the goplicabili ty of
many of the lessonsto be learned tended was related to badkground domain knowledge concerning the type
of machine and how it was being used.

Media know edge describes where knowledge and leaning resources can be found. Thisincluded not only
the URL s of documents, but also external pointersto bodks, manuals, training resources and contad detail s
for people ableto dffer particular kinds of consultancy or suppart.

5. Supporting individual, group and organisational learning: a summary

The ENRICH framework provides suppart for the four kinds of learning identified ealier. Crucialy the
ENRICH approach supparts these four kinds of learning and captures new knowledge & a consequence of
this sippart. Thisis simmarized in table 1.



Ontheindividual level, ontology driven seach agents provide resources related to the current task as
expressd in the WR. This supparts individuals in reframing current problems and chall enging assumptions
on which the airrent approad is based. Some of the new knowledge aeaed during reflectionin adionis

cgptured in the discourse aea & problems with, and changesto, the gproach are reported, and discussed
among coll egyues.

Learning type How supported How captured
Individual Reflectioninadion | Provision of semanticdly related | Ongoing discourse aound
[18] resources to suppart problem WRs related to current
reframing or to challenge problems and issues.
assumptions
Group Domain Elaboration and negotiation of Evolution of group knowledge
construction [20] domain concepts around work model s and associations
representations linked to formal | between knowledge models
knowledge models. and WRs.
Community of Development of colledive Expres=d in the
pradiceleaning [6, | pradicesand perspedives customization and use of
12, 17, 19] through enhanced sharing and WRs. Implicit group
coll aboration around work knowledge mntained in
representations. artefads shared seemlessly
within the group.
Organisation | Perspedive taking Exposure to customs and Crosscommunity discourse.
[2] conventions of other groups Adoption and modification of
through shared best pradices best pradices from other
and expli cit conceptuali zations communiti es. Development of
of common views. shared knowledge models.

Table 1. Types of learning supported and captured in ENRICH.

Domain construction, the processby which teams negiotiate and extend their team knowledge is supparted
by tools based on WebOnto [8] described above, generally with the suppart of the locd developer. Asa
consequence, the evolution of team knowledge is cgptured, enhancing the performance of the ontology
driven search agents. Additi onally, on the group level, community of pradiceleaning is enhanced through
suppart provided for coll aboration and the sharing of work products, problems and solutions. The
development of community of pradice knowledge beaomes apparent, asthe loca developer customisesthe
WR and its integration with other work resources, ill ustrating the group's work genre. The shared WRs may
also contain important artefads that suppart the sharing of group tadt knowledge. One of our case sites
embeds engineaing modelsinto the WRs as a method for sharing ideas that could atherwise be difficult to
articulate. Changes to the WRs and their use & a method to share complex artefads expresses group
knowledge that may later beaome acceted and formali zed through domain construction.

Perspedive takingis supparted throughthe retrieval of resources from other groups within the organisation,
particularly through the best pradice achive. Once again, tools based on WebOnto [8] all ow connedions
to be made acossknowledge models, or an inter-team model of shared expertise to be developed, whichis
captured for further use in the knowledge model. Team members, as part of their work, comment on their
use of abest pradicein their own situation. These cgtured dscussons of best pradice ae avail able to the
best pradice mordinator when modifying the best pradice achive or company knowledge model.

6. The ENRICH development model

The ENRICH development model involves threesteps, based on the Seading, Evolutionary growth,
Resealing (SER) model [9]. The SER model was proposed to describe the importance of appredating the




necessary evolution of systems that are embedded in organisations. The designer can rever fully envisage
how the system will come to be used. The users themselves must have astake in the evolution of the
system, and the overall design must be flexible and amenable to evolution.

Sedling credes through a processof participatory design, an initial state encompassng toolsand an
archive. Evolutionary growth occurs through use. Emerging scenarios of use lead to modificaions of tools
and the development of the achive as further knowledge is articulated. The reseading processoccurs after
some period d use and can be thought of as a processof revolution rather than evolution. For example, key
conceptsin the formal knowledge repasitory may need to be reorganized, or extensive changes made to
toalsin response to emergent work patterns. Sedions 3 and 4 described how we seed the organisational
memory in terms of the identification or development of WRs, structuring the discussion and rationale
capture space and construction of theinitial knowledge model. The evolution of the organisational
memory tends to be left to the host organisation, with limited developer suppart. The organisational
memory evolves through the way knowledge is cgptured as a mnsequences of supparting its construction,
and with the suppart of loca developers and the best pradice @ordinator. The evolution processwas
described in the previous sdion.

Resealing involves more radicd changes to central concepts in the knowledge model, overhauling the
methoddogy, and redesigning (or posshbly even differently identifying) the WRs of the organisation.
Resealing would generally be conducted by the organisation in coll aboration with the original designers.
The nature of the reseeding processwould be motivated by the results of the evolution processand the
ascertained success of the tools asindicated by an evaluation process

The aoption of ENRICH by an organisation requires a significant all ocation of resources, therefore the
leaning captured and supparted has to be of high value to the organisation. The kind knowledge or
leaning in an organisation that it would be gpropriate to suppart using ENRICH would be leaning or
knowledge that israre and without which the organisation would be unable to function effedively.
Brooking [3] describes these as criticd knowledge functions. What constitutes criticd knowledge will
depend on the context in which the organisation operates. If the organisation isa company that produces
some product, then knowledge related to the devel opment, manufadure, and marketing of that product will
probably constitute many of its criticd knowledge functions. Before starting to deploy ENRICH within an
organisation, using the SER approad, the first step would be to carry out a preliminary analysis, which
would identify critical knowledge functions. It isthen necessary to determine whether these aiticd
knowledge functions can be supparted by ENRICH. This knowledge must be supparted, or have the
potential to be supparted by WRs that can be used coll aboratively. Some other important criteriarelate to
the nature of the aiticd knowledge. At least some of the aiticd knowledge should be formalizable in order
that a seed ontology can be developed. This knowledge should also evolve through work, asENRICH is
spedficdly designed to suppart leaning. If knowledge is gatic and well-organized, and even though the
knowledge is criticd, there is no need to lean, then a document or information retrieval solution can be
adopted instead. Finally, the knowledge, thoudh evolving, should be relatively stable. Knowledge annot be
built upon if thereisradicd disagreement between workers, and the knowledgeisin a constant state of
flux. The ENRICH methoddogy assumes that new knowledge is generated on the boundaries of current
knowledge.

7. Conclusions

The ENRICH tods and methoddogy are designed to suppart organisational learning around
representations of work. As a ansequence of this, the work representations become enriched with context
and semantic associations, thereby evolving the organisational memory. The four types of leaning are:
refledion in adion, domain construction, community of pradiceleaning, and perspedive taking. These
cover all levels of leaning from the individual worker to the organisation as a whole. Our approach of
enriching representations of work through organisational leaning is currently being tested in a range of
industrial applicaions.
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