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Abstract. Experience-based Information Systems (EblIS) enatgi@nizations
to capture, store and reuse knowledge and expesefoc continuous compe-
tence development. However, there are severalcsimintigs that seem to limit
the usage of the stored knowledge. Focusing omieahissues, the stored
experiences consist mainly of contextual knowleggsvided by domain ex-
perts, while declarative and procedural knowledgeequired in addition to
facilitate learning for novices. Moreover, thesstegns do not support learn-
ing in an optimal way because they do not actiledening processes. We pre-
sent an approach that enriches retrieved expesenith additional learning
elements in so-called micro-didactical learningargements, created by a
pedagogical agent based on cognitive learning gmadsan instructional de-
sign model. The advantages of this approach aréolvdirst, the applicabil-
ity of experience packages increases by addingileguelements to the pack-
age; second, the application of the experiencettamdewly gained knowledge
in practice deepens the learning effect.

1 Introduction

Continuous competence development is essentiadp krack with the requirements
of today’'s work environments. This trend can besolzsd especially in the Informa-
tion and Communication Technologies sector withintseasing flood of informa-
tion, rapid deterioration and hence ageing of kedgk, as well as the continuously
changing requirements for problem understanding soldng. As a result, these
facts require lifelong learning to remain compeétin the information society.

Today, learning is less a reaction to ‘being ledrieit more the reaction to var-
ied requirements of learning situations and leagrénvironments. The short inno-
vation cycles in Software Engineering lead to mésayning situations where new
knowledge is required to solve new challenges dudiaily work.

In the future, learning within an organization witilance out structured, directed
learning and unstructured, autonomic learning. Aatoic learning consists of
learning without direct teaching. Learners defineitt own learning goals according
to given situations and select the learning stepsell as their sequence to reach the
goals. Autonomic learning is more a way of expliealearning than learning
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based on given procedures and rules. Directed itggwill be launched by the or-

ganization to communicate and change their stra@giure, products and services,
which involves individuals, teams or the entire amgation. Autonomic learning

originates within the organization, initiated bylividuals and communities of prac-
tice.

The increasing number of Knowledge Management BysteKMS) led to re-
search and developments focusing mainly on cagustructuring, and packaging
knowledge for reuse. One of the domains where KM&'e profitably implemented
is Software Engineering [22], a quickly changingiolledge-intensive business
involving many people working in different phasesl activities. However, organi-
zations frequently encounter problems identifyihg tontent, location and use of
knowledge. As a result 50 to 60 percent of KM degplents failed because organiza-
tions did not have a good KM deployment methodologprocess, if any at all [17].
Regarding the deployment process, learning is densd to be a fundamental part
of Knowledge Management (KM) since employees maostrnalize (learn) shared
knowledge before they can use it to perform spetifsks [22]. It was assumed that
KMS'’s could solve the problem of continuous compegdevelopment by providing
intelligent retrieval mechanisms and innovativespraations techniques. KMS'’s
focuses mainly on the knowledge, (i.e., the proaiidearning processes), and less
on learning processes itself and the needs of ishalis. A recent study stated that
‘next generation’” KMS developments should focusdasigning KM technologies
for peopleand not make people to adapt to KM technologie$. [Désigning KM
technologies for people means supporting peopléhéir learning processes to en-
sure that the provided knowledge can be transfdvestt to the work process. En-
hancing learning means more than sequencing ‘chofiksowledge. It requires an
understanding of learning goals and processesthendifferent types of learners and
their competence levels.

An interview-based study showed that perceived eotions between KM and e-
learning are not operationalized, i.e., the intégnaideas are rarely implemented in
practice. KM addresses learning mostly as partnofidtedge sharing processes and
focuses on specific forms of informal learning (elgarning in a community of
practice) or to providing access to learning resesiror experts [9]. In addition to
these interviews, an outcome of a follow-up workskas that future KM initiatives
should shift their focus from knowledge sharingstgport actual learning from
others and applying the experiences of these pg8ple

In this paper, we present an approach that enrictigsved experiences (i.e., ap-
plied knowledge) with additional learning elemeiirts micro-didactical learning
arrangements in order to enable learning from etheaptured knowledge. These
arrangements are created by a pedagogical agesd badearning goals and associ-
ated educational learning patterns.



2 Experience-Based Information Systems (EblS)

While knowledge is frequently seen as the rangkeafed information or under-
standing of a human or intelligent information syst experience is considered to be
“knowledge or practical wisdom gained through hursanses, from directly observ-
ing, encountering, or undergoing things during plaeticipation in events or in a
particular activity” [25, p.24]. Experience Managamh (EM) can be seen as a sub-
field of KM that aims at supporting the managemeamd transfer of relevant experi-
ences [6, 25]. The software system used for magagitoring, retrieving and dis-
seminating these experiences is called an Experibased Information System
(EbIS) [15] that is based on tliexperience Factories concept [5]. Another type of
systems that are not based on the EF concépssens Learned Systems (LLS) [27].
Amongst the definitions for lessons learned thetrnomplete definition as stated by
Weber et al. [27, p.3] is: “A lesson learned is Wiealge or understanding gained by
experience. The experience may be positive, as sncaessful test or mission, or
negative, as in a mishap or failure. Successeslaceconsidered sources of lessons
learned. A lesson must be significant in that i laareal or assumed impact on op-
erations; valid in that it is factually and techailg correct; and applicable in that it
identifies a specific design, process, or decisiat reduces or eliminates the poten-
tial for failures and mishaps, or reinforces a pasiresult.” [23]. In this paper we
use the termexperience package (EP) which includes both experiences embedded
within EbIS’s and lessons learned within LLS’s.

We argue that experience packages that are ralrigwé=blS’s are often inade-
quate for learning and competence developmentdoeral reasons. First, the ex-
perience base might be incomplete, outdated or g contain wrong informa-
tion. This problem has been addressed by sevemllkdge elicitation and mainte-
nance approaches (see [6] for an overview). Seassets might refuse to apply an
experience package, because of a lack of confiddiime is a chance that the qual-
ity of packaged experiences is also influenced dntredictory interests (e.g., com-
mercial interests). Thus, it might be unclear weethpplying the packaged experi-
ence might involve a certain risk. A good and tpament quality assurance process
might alleviate this problem. Finally, even if tB® has a high coverage and preci-
sion, and even if the users have enough confidenttee quality of the information,
the packages might still be inappropriate for I@agrdue to the fact that the learning
issues are not considered by the EbIS. Often, ussd additional information about
the subject domain, because experts provided theriexce without giving extensive
explanations of the background and because thes lsek knowledge of domain
concepts. Our approach aims at closing this gapnibiching the experience pack-
ages with learning elements based on didacticadiderations.



3 Learning Based on Packaged Experiences

One reason why Software Engineering knowledge usliyscaptured from experts is
that their knowledge is assumed to be concisegecbrand complete. Further, by
finding out what kind of knowledge is consideredesgial by the experts, we hope to
get information about what should be learned byigess A problem that occurs
when expert knowledge is used for teaching noviésat there is not only a quanti-
tative difference between expert and novice knogédeblases, but also a qualitative
difference, e.g., the way in which knowledge igaorized [11].

The following sections provide an overview of th#fedent knowledge types and
related knowledge stages and how we can learn éxpert knowledge. Finally, we
derive requirements for micro-didactical learnimgpagements.

3.1 Knowledge Types

Anderson developed a model of the architectureuofidn knowledge. He classifies
knowledge not according to its content but accaydmits state in the person’s long-
term memory. Two types of knowledge were defined3#

* Declarative knowledge consists of 'knowing aboud'g-, facts, impressions, lists,
objects and procedures,, and 'knowing that' cenaiimciples hold. Declarative
knowledge is based on concepts that are connegtadsét of relations forming a
network that models the memory of a person. Thasldeto the conceptual and
theoretical understandings that remain long aftanynfacts are forgotten. For
instance, declarative knowledge items in the dondilsoftware Engineering
might be: a definition of ‘test case’, a listing @éfect types, a detailed explana-
tion of key testing principles.

* Procedural knowledge consists of 'knowing how' dosdmething, i.e., skills to
construct, connect and use declarative knowledgerriers are doing tasks, such
as understanding and processing relationships batwtems (e.g., facts or ob-
jects) and creating new connections between thewteBural knowledge con-
tains the discrete steps or actions to be taked,tl@ available alternatives to
perform a given task. Procedural knowledge consils of ‘if-then’ rules that
describe conditions when to perform certain actions specific situation. These
rules are abstract, modular (i.e., they can be guedp, goal-oriented, and oper-
ate on the basis of declarative knowledge. Witligant practice, applying the
rules of procedural knowledge may become an auiorpadcess, thus allowing
the person to perform a task without conscious emgss. For instance, proce-
dural knowledge items in the domain of Software iBagring might be: a
method for deriving test cases from requirementsjethod for classifying de-
fects choosing the right reading technique to perfan inspection.

Both declarative and procedural knowledge can bsradi or concrete. The
knowledge can be connected to more or less concriEmation that can be de-
scribed technically, e.g., by semantic networksvexineless, knowledge about ex-
perienced situations or evaluating facts or deteimgi circumstances in given situa-



tions, cannot be classified as declarative or ghaad knowledge. Therefore, a third

form of knowledge, conditional or contextual knosde describing ‘when, where

and why’, has extended the spectrum of knowledgeognitive science [10]. In the
context of didactical design, Tennyson and Raséh d2fined contextual knowledge
as another type of knowledge:

* Contextual knowledge consists of 'knowing when, ngteend why' to use or apply
declarative or procedural knowledge. Contextuaviedge is created by reflect-
ing on the usage of declarative and procedural kediye in practice in different
contexts. Contextual knowledge enables the indalido be aware of commonal-
ities between situations, and of the appropriatemesapplicability of principles
or procedures in a new context.

In summary, three types of knowledge have beenepted. Packaged experiences,

i.e., documented experiences, consist mainly ofextnal knowledge. They origi-

nate in most cases from expert memories and tlogydeclarative basis background

knowledge and detailed procedural knowledge, riesulh them being ineligible for
learning purposes. The next section details thbleno mentioned above and focuses
especially on barriers that exist when individuats learning from expert knowl-
edge.

3.2 Learning from Expert Knowledge

The standard method for transferring knowledge frexperts to novices is the
‘copy-model’: expert knowledge is considered asrlesgy material and they are
transferred directly to the learner by using anrappate medium. Even if this
model is commonly applied in many different edumadl contexts and KMS's, it
does not comply with the structures and proceskksrman information processing
[3]. What makes the transfer of expert knowledgesxperiences difficult? Firstly,
from a cognitive science point of view, new knovgeds always related to existing
knowledge in human memories. This means that nsuicEght have problems in
relating new expert knowledge to their existingsiea’. Secondly, learning is a
special case of information acquisition and infotiorastorage. The learning process
is dependent first on the quality of the informatim be learned and second on the
cognitive activities of learning. If those acti@si do not take place because of the
problem stated above, the efficiency of informatexequisition and storage is de-
creased. Thirdly, there is not only a quantitatiifierence between expert and nov-
ice knowledge bases, but also a qualitative diffeegi.e., the organization of knowl-
edge [11]. Cognitive schemata from experts canadtdnsferred to the memories of
novices. This fact results from a compilation pssxéhat is performed when new
knowledge is learned: updating or forgetting of kitbwledge, creating new rela-
tions or rules between knowledge items and aggdregdtnowledge items etc.
Fourthly, asking experts about their knowledge lissoften in an enumeration of
many facts, methods and principles explained imraptex manner. Experts forgot
about how they learned those knowledge chunks{la@dare unable to explain why
they choose certain activities to perform them imestain manner. The applied



knowledge is somehow ‘routine’ [11]. Finally, tré@sing past experiences made by
others requires more than only contextual knowledg@articular problem-solving
strategies for a specific context and knowing ‘wheinere, and why knowledge
should be used. It requires a strong anchoring witblarative and procedural
knowledge.

The goal of effective knowledge transfer is to gual novice through so-called
knowledge stages to become an expert. Fitts anuePdegfined three different stages
[12]: The goal during the firstognitive stage is to build up basic conceptual knowl-
edge and to integrate the knowledge into a semastigork. By solving problems in
this stage, the person accesses simple conceptscateht specific rules that are
represented as declarative knowledge. In the seassodiative stage, domain spe-
cific rules are created. These ‘if-then’ rules based on associations between condi-
tions and specific operations, and they broadepguharal knowledge in the current
context of the problem to be solved. If the ‘ifyp@f the rule is fulfilled, the ‘then’-
part is automatically used for problem solving. Tth&d autonomous (automatic)
stage is reached after many years of practice. The rudeg a high degree of asso-
ciation because of many applications. This resaoli replacement of many rules by
high-level and simple rules. These simple rulesehaiten a reduced ‘if’ and ‘then’
part. A characteristic of these rules is that tbagnot be verbalized, i.e., the rules
cannot be explained to others and they determit@namous activity and behavior
in general. This evolution process makes the tesinsff knowledge and connected
rules between novices and experts difficult.

The next sectionpropose an approach how to bridge the gap betweenenand
expert knowledge levels, resulting from many coingilcycles of knowledge evolu-
tion in experts’ memories.

3.3 Enabling Learning from Packages Experiences

The main purpose of an EbIS is to provide the rigkggerience package to solve a
problem in a certain situation. Often, the packageperiences originate from ap-
plied expert knowledge, documented by the expéemselves. As described in the
previous sections, novices might have problemspfdyathese experiences in prac-
tice.

The central goal of our approach is to embed egpexperience packages related
to the Software Engineering domain intocro-didactical learning arrangements
that enable cognitive learning processes and tf@at d&&ss experienced persons to
acquire the necessary skills to apply the expeeigrackages in practice.

Such a learning arrangement consists of a |earoffeg that allows learning in
context. The experience is enriched with additicstatalled learning elements. A
learning element is an atomic chunk of knowledggh.ee declarative, procedural or
contextual, that represents content about factsegses, rules and principles and
augments specific cognitive learning activities reyading, searching, orientating,
summarizing and reflecting. In the following, theguirements of such an arrange-
ment are listed:



* A micro-didactical arrangement contains learningnednts to all three types of
knowledge and thus ensures that contextual knowlézlgnchored with declara-
tive and procedural knowledge.

* An arrangement follows the constructivist and thedggogical principle of
autonomous learning, i.e., explorative learningplBsative learning is less a di-
dactical design principle, but it ensures thatlgeners deal explicitly with the
problem to be solved; the learners choose their laming goal; the learners
are collecting new knowledge by themselves, coostheir own cognitive sche-
mata and strengthen the associations between adiffdinowledge types; the
learners perform learning by-doing to get new ihtgn complex circumstances
and principles and acquires necessary skills f@lyapy the embedded experi-
ence.

* Explorative learning does not take place as a fipeacess from one topic or one
difficulty level to another but more in a cycliaalanner. Knowledge on different
topics is acquired in parallel. Changing betweeasicecould be useful for a bet-
ter understanding of the topics directly relatedhe problem. Such a cyclical
procedure is typical observed when complex probleme to be solved. Explor-
ative learning is essential to understand theicelahips between different sub-
domains, to enhance the orientation within the dorbg building up individual
cognitive schemata.

* An arrangement is created automatically by a sedgbedagogical agent. A
pedagogical agent uses a set of micro-didacticebmpes based on an instruc-
tional model, a Software Engineering ontology arsgmantic network for learn-
ing elements (see next section).

* An arrangement is conform to current e-learningd#ads and this ensures the
compatibility to other platforms, like Learning Gent Management Systems
(LCMS).

The following section describes the design of gopraach: a model for compe-
tence levels with associated knowledge stagesfiisede a set of predefined learning
goals, a taxonomy for learning elements that aeel éier enriching packages experi-
ences is provided, and the creating process foroatidactical arrangements is
elaborated.

4 EnablingLearningin EblS

By referring to the knowledge stages described @bae define aovice as a person
in the cognitive knowledge stage who starts tocbup basic declarative knowledge.
A practitioner is somebody who is currently in the associatieget i.e., creating
more associations between declarative knowledgeiderdifying ‘if-then’ rules to
broaden the procedural knowledge in the currentestrof the problem to be solved.
An expert is a person whose knowledge has reached an autmisostege. Experts
are able to create or adapt their rules automatibglinformal learning on the job
and applying current knowledge in practice. ThéoWing sections describe how we
can enrich packaged experiences by learning elenserd how we can address the



requirements listed in Section 3 to create micdadiical arrangements. Our ap-
proach focuses especially on knowledge acquisfiomovices and practitioners.

4.1 Educational Goals

Educational goals differ widely in dependence &f target audience and the knowl-
edge of the learners. For instance, novices shasiglly learn the basic facts and
definitions of a topic, before bothering them witétails and inconsistencies. Practi-
tioners are interested in getting hints and instons on how to perform a given task
in the first place. Thus, in order to provide shi¢alearning material, an adequate
learning goal has to be specified. In our approaehrefer to Bloom’s taxonomy of
educational goals [5,15], which is widely accepaed applied in various topic areas
including Software Engineering [1].

Bloom defines and describes six performance letles$ differ in terms of the
complexity from a cognitive point of view. The lostdevel is callecknowiedge and
aims at the acquisition of facts and definitioneeTearner should be able to recall
information such as dates, events and places. €kelevel,comprehension, goes
beyond knowledge, as the learner is required tcerstand the meaning of the in-
formation. Learners should be able to interpret eochpare facts and summarize
ideas. Theapplication level aims at using the acquired information, rod#hand
concepts to solve problems. Theories are appliedew situations. Thanalysis
level comprises the ability to identify underlyipgtterns and components. On the
synthesis level learners are able to use old ideas to createone, to generalize from
given facts and to draw conclusions. Finally, lemsnthat reached thevaluation
level are able to assess the value of theoriesgrohkices based on reasoned argu-
ment and recognize subjectivity.

Our approach addresses only the first three |efdlsis taxonomy, because these
are important for reaching the upper levels and loartaught directly, while the
fourth to sixth level require a longer term andpmensight into a subject matter.

4.2 Taxonomy of |learning elements

In order to select the most suitable learning elgm&om the repository, we assign
each element to a learning element type derivet froother taxonomy introduced
by Meder [20]. According to this taxonomy, learnielgments belong to one of four
types: First, they might provide &xplanation (e.g., definition, description, exam-
ple). Second, they might serve @sientation (e.g., overview, summary, history).
Third, a learning element might Betion knowledge that contains information on
how to perform a task (e.g., procedure, checkiise, principle). Finally, it might be
a Reference to a source (e.g., document reference, annexerefer glossary refer-
ence). These learning element types can be categom terms of Bloom’s educa-
tional learning goalsKnowledge and Comprehension are goals related to the cogni-
tive knowledge stage (i.e., declarative knowleddé)e Application goal is part of
the associative knowledge stage (i.e., procedurahvledge).



Each learning goal requires a different learningviyg that focuses on different
aspects of cognitive schemata. Table 1 providesvanview of the assignment of
learning elements to goals. Meder claims that ibteof elements has been applied
successfully but might require extensions for nemadins.

Table 1. Overview of educational goals and associated iegrelements

Knowledge Comprehension Application
Definition example procedure
description counterexample administrative direction
theorem summary instruction
reference history social direction
overview principle
scenario strategy
checklist
law
rule

Based on this categorization every atomic learrglggnent is now related to a
high level educational goal. The next section dbssrthe relations between the
learning elements that are used by the pedagoggeit to create the learning ar-
rangements.

4.3 Learning Elements and Their Relations

Learning elements (LE's) are stored in the learmétegnent base (LEB). The LE’s
that are used in our system have been createdgdig@ent projects related to Soft-
ware Engineering learning content. Each learniegneht is described by means of
a metadata set (see Fig. 1). The metadata desariptbased on the Learning Object
Metadata standard (LOM) [14]. LOM specifies thetaynand semantics of Learning
Object Metadata, defined as the attributes requoddlly and adequately describe a
learning object. Within the metadata descriptidatiens to the Software Engineer-
ing (SE) domain ontology are coded. We distinguigitween two types of refer-
ences: references describing the learned concegités)using the LE and the refer-
ences listing the prerequisite concept(s) for usimg LE, i.e., knowledge that should
be known before using the LE. The ontology consi$tsey SE-concepts (i.e., key-
words) that are connected by relations suchisas; part-of, consumes, produces,
etc.
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Fig 1. Learning elements and their relations

4.4 Creation Process of Micro-Didactical Arrangements

By providing a set of educational goals, a learnglgment taxonomy, and their
classification to knowledge types, we are now ébldescribe the process of creating
a micro-didactical arrangement.

After the occurrence of a problem during daily wéske step 1 in Fig. 2), the user
searches for suitable experiences in the repogibosglve the problem. The retrieved
and selected experience is forwarded to a pedagjoggent (see step 2). The user
selects a learning goal by taking the decision biclvlevel she or he wants to ac-
quire knowledge. The pedagogical agent selectspgmopriate pattern from the
pattern base (PB) according to the type of expeegene., technology, process or
product package, and the selected learning go#terRa are instances from an in-
structional model that is based on the 4C/ID apgrdatroduced by Merriénboer et
al [21]. The focus of this model is on learningktapecific skills. We apply the
model for enabling the construction of individuagaitive schemata and to ensure
the applicability of experience related knowledgéoipractice. According to the
selected learning goal and the experience typenilez tasks are selected to learn
necessary skills for applying the experience.
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Fig 2. Creation and use of micro-didactical arrangements

As described before, each experience package istated by concepts of the SE
domain ontology. The agent is able to retrieve Lib& refer to the same concepts as
the experience package and to infer prerequisits bifusing the metadata descrip-
tion of the LE's. Then, the agent inserts the elguee and the LE’s into the pattern
(see step 3). The agent uses the rhetoric-didacttations, selects and sequences
the LEs according to the selected learning taske produced micro-didactical
arrangement is provided to the user (see stepl4&)arrangement supports explor-
ative learning in a cyclical way and the constrttiof cognitive schemata. The
package experience is the central element of thengement and the trigger for
learning. Depending on the selected goal, the eeerdecide which learning task to
take first, i.e., whether he or she wants to aegbaickground knowledge (basics)
first, or to get an orientation in the SE domainbbgwsing a graphical representa-
tion of the ontology, or to read examples and yopirts of them in practice. The
learner can decide whether the appropriate knowlddgel is reached that is pre-
requisite for understanding or applying the expeséepackage. An option is, to
make the micro-didactical arrangement conform te $harable Content Object
Reference Model (SCORM) and to export it as IMS Content Packagerifer to
make it available to conventional Learning Contelinagement Systems (LCMS)
(see step 4b). SCORM is a reference model for iegronontent and provides the
framework and detailed implementation reference #mables content, technology,
and systems using SCORM to ‘talk’ to each othasstensuring interoperability, re-
usability and manageability [2].



5 Summary and Future Work

In this paper we stated the barriers when peopgdearning from expert knowledge
from a cognitive and didactical point of view. Wiopose an approach that enables
novices and practitioners to learn from packagquegxknowledge, by providing a
set of learning goals, a taxonomy for learning @ets, and an agent who combines
learning elements with experiences to micro-didattiearning arrangements ac-
cording to an instructional model. The advantadekis approach are twofold: first,
the applicability of experience packages increbgesmbedding the experience into
a learning arrangements; second, the applicatioth@fexperience and the new
gained skills deepens the learning effect and gthems the cognitive schemata.

Future work will focus on further developing andeating educational patterns
in practice and using the results for adaptingitiseructional model that is used by
the agent for creating patterns. Skill taxonomied kearning tasks will be developed
that enforce the construction of cognitive schenfiatéghe SE domain. Another issue
will be to observe current development of e-leagnétandards and specifications to
ensure the interoperability of micro-didacticaleargements with LCMS.
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