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Currently, several projects within our company focus on learning from
experiences in the software domain. Yet, there are no textbooksecipe
how a process of organizational learning can be established. In par-
ticular, types of experiences must be identified that are pdtgntia
valuable for reuse. Furthermore, the organization and representation of
such experiences must be defined in such a way that they canbeasil
retrieved and used for solving a new problem. In the paper, some mid-
term insights are provided that were gained during the examination of
these issues in one of the projects mentioned above.

1 Introduction

Learning from experience is getting more and more importantrge leompanies. The de-
mands of each company, and often in each business unit, however, may fegeeédiy. We
are currently involved in a large-scale initiative to fostardeng from experience in the soft-
ware domain.

There are numerous software development and software acquisitiomuh&sDaimler-Benz
Group. We were called in to establish within three of them a paxfesrganizational learn-
ing (Houdek et. al. 1998). Learning should be tailored to the specific enviranfssemsual in
industrial research, the predominant goal was not to obtain scigesfidts, but to produce
benefits for the business units we were working with. Within twosyte initiative was ex-
pected to result in a running experience exchange infrastructure, fnst indication of its
usefulness.

Below, we use one of the business units as a real-world examipgekoour arguments. In
that business unit, software quality management was the maintaogkchange experiences
about. A number of very large administrative software projects desagport in planning,
organization, and coordination of quality assurance activities. A nsgtite tracking of
guality-related process artifacts was the goal. It was supposembble fine-grained estima-
tion and control of quality aspects.

Basing an improvement initiative on experience has several advantagech a domain.
There are very little sources of knowledge available in litegabr in company standards. In
textbook-style publications, general principles are treated on an abstracblgvbke essential
details of how to apply those principles in a very specific sdnadre missing (e.g. Wallmul-
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ler 1995). It is the idiosyncrasies of a business unit that needyartattention to make
quality management successful. And those particularities can never bedkiteattextbook.

Even company standards often cover too diverse environments to be of muthaystend
to be superficial and do in many cases not reflect company esabttcording to their sup-
posed users. Writing a project quality plan is one example wheteenretical treatment can
compete with the experiences gained in that respective environmeatlyCthere can be
generic templates for the structure of the document (such asE&HB.,1B89) and a couple of
generic guidelines (such as, e.g., IEEE 1995). These generic imstsd¢towever, must still
be tailored to reflect the specifics of the company in genedhklze project the document is
intended for in particular. This tailoring depends mainly on experiembas worked well in
similar projects in the given environment and what did not.

In this paper, we want to demonstrate how we classify, structudeiise experiences given
the background sketched above. In Section 2, we give a brief overview of furidboon-
cepts of organizational learning as reflected in literature. The rangatd&ork spans from
organizational memories over experience factories to knowledge imgpdéle confront the
concepts with the goals and constraints we face in our working exafiitps discussion il-
lustrates the tension between conceptual desires and pragmassitese\We are convinced
that a similar situation exists throughout many industrial effoirtesnowledge management.
Our particular situation is described in Section 3.

In Section 4 we present how we respond to the tension. We describe theflexgeriences

we consider useful and how experiences can be classified. Clelgdris the question how

to represent and finally use experiences. We describe importarg pashtrajectories we see

in the spectrum from informal to formal representations. Severaepts and tools were de-
veloped to support those representations. Future directions are sket@wdiam 5. Ontol-

ogy annotation is a formal tool to support more powerful mechanismspefience engi-
neering. A static ontology, however, will probably fail to work in our esunent. Therefore,

we recommend a dynamic ontology that is able to coevolve with the wlothaimaturity of
captured processes, and our understanding thereof. Section 6 summarizes the coes pfessag
the paper and discusses our main findings.

2 State-of-the-Art in Organizational Learning

Organizational learning has been a field of active study for quithile (Senge 1990, Brown
and Duguid 1991, Watkins and Marsick 1993). Basic principles common to mostcmsoa
are the capturing, storing, and reusing experiences or knowledge. ¥hppFaaches rooted
in management science tend to emphasize the importance of skgtking (Senge 1990),
computer scientists are more attracted to design rationaiensygConklin and Begeman
1988; Moran and Carroll 1996) or organizational memories (Terveen et al. 1993).

Fischer et al. (1996) claim successful organizational learniqgires a closed circle of
knowledge (or experience) stimulation and externalization, maintathiagnterest of the
users, storing the surfaced information, and finally feeding it basnwit is needed in the
work context (Fischer 1994, see Figure 1).

In order to maintain user interest, each participant needs ta femisonal benefit. But also,
the effort expended will determine whether the participant likes the systemmcesgr In total,
theperceived utilityis the interesting concept

Perceived utility = benefit /expended effort



Shared information | AC:'\IZatmgi d Discussions continue about
supports current work relevant knowledge issues in context of work
situations

Keeping users involved
and interested [

Making stored information
relevant to the task at hand

Capturing activated
knowledge and information

Group memory grows

Fig. 1. A circlethat needsto be closed at all times (Fischer et al. 1996)

According to this formula, one can target high benefit. This wouldfyustime effort to be
spent in return. gIBIS (Conklin and Begeman 1988) and — to a certairedegrswer garden
(Ackermann 1994) follow this approach. Alternatively, one can avoid to promise much benefit
(at least initially). In this case, effort needs to be kept tow, There are examples for organ-
izational memories (Lindstaedt 1996) and for design rationale systems tivatligl category
(Schneider 1996).

However, it is an inherent property of experience systems to gitwe/.can lead from a low-
effort/low-benefit initial phase to an increasing amount of both beasti effort invested
(Terveen et al. 1993, Ostwald 1995). We consider such a low-threshold/High-approach
most promising.

In most of the work mentioned above, a specific tool is required. Thésttimt cornerstone
for the learning endeavor. The experience factory concept is vésyedif in this respect, but
not only in this respect (Basili et al. 1994a). An experience faedoan organizational unit
rather than a tool. A group of people interacts with a software @@weint unit and helps
them to extract and reuse experiences (see Figure 2). Bastdedds of analyst and project
supporter, there are so-called experience engineers who consolmapare, and add value
to the original experience. There is an experience base toestmegences and related docu-
ments. However, how the experience base will be realized isfispcithe environment
where it is supposed to work: it can be just a shelf filled vailthefrs, or it could be a sophisti-
cated knowledge repository and reasoning system. This conceptmelig@y on goal-driven
measurement programs (Basili et al. 1994b) and focuses improvemerg supported by
experience mechanisms. At NASA/SEL, the experience factorpéers running successfully
for many years (Basili et al. 1992).

Since organizational learning is based upon experiences and knowlquieptef in a certain
environment, it is evident that there is also a relationship betorggmization learning and
work in the knowledge engineering area. In a certain sense, knowleskpe dystems are also
an attempt to store the knowledge and experiences of experts for patéisk&a such as, e.g.,
diagnosis, and make it available to a wider community of users. Irasbtd organizational
memories, however, knowledge-based systems are not primarily intengiee direct access
to the knowledge they embody, but rather to allow this knowledge to bdansssxtomplish-
ing a certain task even by less knowledgeable persons.

At the present stage of research, it does not seem possiblpléoniemt organizational memo-
ries in general by means of knowledge-based systems since knowkesiyk systems pres-
ently work well only for limited tasks, such as diagnosis, and nadmwains, e.g., infectious
diseases in medicine. In general, however, these preconditions aretnoy prganizational
memories since there are usually broad domains (such as qualagemaent in our case) and
a diversity of tasks that are to be supported (such as, e.g., gsalitgace planning, defini-
tion of quality goals etc).
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Fig. 2. Interaction of the experience factory with a software project organization

Nevertheless, knowledge engineering techniques are useful for camupagences (inter-
view techniques, observation techniques etc.) and imposing structure captbheed infor-
mation. In particular, ontologies are a promising means for ther iaue. Furthermore, on-
tologies and formal reasoning techniques might be useful for irelligformation retrieval
mechanisms. We will come back to this issue in Section 5.

3 The Context of the Project and Some of its Implications

In this section, some background information concerning the particularcipwech will
serve as our running example will be provided. In particular, some oésltvctions will be
outlined that have important consequences on which types of experieacgméable and
how they are represented in the given environment.

In order to achieve the main project goal of enabling and supportiregstst learning from
experience in the software domain, we decided to use the expdaetarg paradigm (Basili
et al. 1994a) as the basis. This was mainly due to the fachéexperience factory paradigm
is an extension of the QIP/GQM methods (Basili et al. 1994b) thatsed already for quite a
while in several process improvement projects. The experienagyfacas to be established
on the basis of several application projects that are supposed to pecpiekences, but
which are also candidates for reusing experiences from otherapliprojects. It is impor-
tant to note that the primary goal of our project was not so muctténceand refine the the-
ory behind the experience factory, but to produce benefits for the djplipaojects by using
the existing concepts the experience factory paradigm provides.

A couple of constraints turned out to be important:

« Within only two years the project is expected to establish a gpiatat infrastructure for
experience exchange and to provide first indications for the usefudhélss chosen ap-
proach.

» Within those two years, a basis for the continued operation of theiexqefactory has to
be laid.

As the most important consequence of these constraints, it isialstefte able to demon-
strate in early project phase that the experiences which pregience factory has to offer are
really useful. This needs to be demonstrated to both the membersappiieation projects,

and to the management. Therefore, it is important to capture asrelevgnt experiences as
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quickly as possible, no matter their format or representation nigis.circumstance led to
the development of the BIP paradigm which will be discussed in more detail below.

A major difference between our environment and the environment at NERABasili et al.
1992) is that at NASA experiences were primarily derived fronmiifaéive data from meas-
urement programs, whereas we had no such measurement programspplicati@n proj-
ects. Furthermore, it turned out that the application projects did notshiéfi@ent access to
experienced quality management experts. The project members whanveharge of quality
management issues in our application projects were relativelyandve subject. As a conse-
guence, they are very interested in getting support through experibotes the other hand
they were initially not able to provide established best practorefsirther use in other proj-
ects. The kind of experiences they provided were basically repatiagleiith the problems
they encountered with particular issues, the reasons for these ppheEmsolutions they
tried, and how well these solutions worked or why they (partially) failed, and so on.

In summary, from an experience factory perspective, this meanweheannot focus on the
same types of information that are relevant in the NASA/SELremvient, but have to find
out ourselves which types of information chunks are important in our ispeciftext and
through which levels of maturity these information chunks go during tikeaycle. The
schema we developed will be presented below.

Already at an early stage of the project, the importance of brgwsechanisms became evi-
dent which allows potential users of experiences to scan atpadstof the material in the
experience base. In general, users want to be able to determimeiroomtn which informa-
tion chunks in the experience base might be relevant to their cprodiém. As already dis-
cussed elsewhere (Landes and Schneider 1997), this has the consequenfoetiatfor the
contents of the experience base is chosen which allows a quick oveavidvthat the used
notation is understandable to a wide range of people. On the other hansenmgpgethe in-
formation in an informal manner only is insufficient since the coatefithe experience base
must be structured in some way for easy search and access.alidornetrieval mechanisms
must be more sophisticated than simple keyword search. This mebashale spectrum of
notations is required each of which serves a specific purpose. Them®tae use will be
presented below.

4 Documenting and Using Experience

4.1 What are Experiences in our Environment?

4.1.1 Experience Types

One of the main challenges during the instantiation of the concept of a learningatigans
the clarification of experience types useful to look on since thky s to learn something.
Due to the different environments, we could not borrow much from other kngveriemxce
factories that could help to answer this question for our specificoemwent. Therefore, we
adopted a bottom-up approach, i.e. in a first step, we collected as npearierce-related-
material as possible. We estimated subjectively the degresefiflness of a piece of infor-
mation to people different than the information originator. This wastiterion to decide
whether the chunk of information was considered worth storing.

Software quality management as the domain which we are tadidimgnany facets and is
subject to continuous improvement and research. The members of our applajects
who were in charge of quality management issues were, atirtiegt relatively new to the
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subject. As a consequence the material we got in the beginning prictardisted of problem
statements about what they were currently trying to solve, that@dteolutions they were
about to try, and reasons why, in their opinion, available standards wgra bmiited help.
Later, we also obtained information about how well the tried solutions actuatkegd/or why
some of them (partially) failed.

This information was collected primarily during interviews whickrevdocumented in inter-

view transcripts and later analyzed. Analysis results weme atpcumented. Besides, in the
interviews, people often referred to project documents which wereasdealse documents or
which they produced as a result of their work.

On the basis of these different types of experience-relateeriadlave encountered, we de-
rived a classification of the respective documents with respdbietr maturity, i.e. their de-
gree of context-specificity and the amount of analysis involved. Tabdélects our current
understanding about which type of documents can be classified to which maturity level.

Maturity level: Raw context-specific Auxiliary documents Experiences / Lessons
documents learned
Document types: |* Contract * Interview transcripts * Guidelines
e Project (quality) plans |+ Document indexes e Checklists
e Project task sheets e Analysis notes » Process descriptions
» Analysis summaries

Table 1. Maturity levelsand document types

Source Stimulus Collection Validation

Solicited qualita-
tive observation

A problem notification, a
GQM plan leading to an
unclear issue, a side-remar
in an interview

Specific focused interviews  Additional interviews; check
asking for this issue, supple of documents mentioned or
mented by notes and conclt found relevant

sions afterwards

Critical check of whether it is
rationale or a (post-mortem
rationalization

(Improvement)
rationale

Decision made or design | Introspection; interviews
produced for a particular ta§

Problem obser- ,Bad experience” someone| Remark of affected person;

pected or underestimated)
success that goes beyond
pure public relations

vation currently suffers fromin a | then general or focused in-
project terview
Success story  Announcement of a (unex- | Interviews Checks of documents and

details that could support (0
contradict) the announce-
ment;

Interviews with other in-
volved parties and compari-
son of answers

Diary study

Obviously relevant task is
accompanied by writing
notes

Notes taken during the task
with goals and plan in back-
head

Table 2. Experience-related material and associated activities

=

Furthermore, we generalized our observations into a kind of checklishwdimong other
things, indicates for several types of experience-related iadatex stimuli which cause these
types of material to be produced, how they can be collected, analyliddied etc. Table 2
shows a small part of this checklist.
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We found these classifications useful in two ways. First, thasfield our picture which
pieces of experience-related material needed to be storederpgbaence base (as they con-
tain important information that is prone to be reused). Secondly, wedydeeper insights in
which situations our project partners tended to raise important informéat needs to be
captured systematically.

4.1.2 Media

In the previous paragraphs, we focused on experience-related mtarial present in writ-
ten form. We found, however, that this is only one format in which sucériadatay exist.
For instance, similar to knowledge acquisition, much of the relevant kdgelor many rele-
vant experiences are tacit, i.e. not available in explicit foagit away. These implicit experi-
ences, however, are also valuable for reuse in an experience femtbext. Clearly, in the
long run it is desirable to make these tacit experiences exglice they can then be used
without entirely depending on the individual that carries them in thle ®falcer head. How-
ever, this elicitation is not possible without some sophistication. Simply askingesough.

Yet, it is impossible to capture all knowledge, at least for ecamadmeasons. As a conse-
guence, we have to accept that there will always a whole spesfrdatumentation ‘media’:
it ranges from undocumented knowledge in peoples’ brains over raw andrgugaper
documents (e.g. contracts from a particular project) to more w@wtegicobjects (e.g. prescrip-
tive process models of acceptance testing) which may existriara machine-readable for-
mat. As a model of this situation, we devised the so-called Béligan: BIP is an acronym
for Brain-InternetPaper, and the BIP-paradigm serves two functions (see Fig. 3), namely

it documents our understanding that there is a whole range of validtfofon experience,
and

* it suggests the appropriate medium to store a particular kind of knowledge.

B-fact: Uncomplete, evolving things
‘ I-fact: Things which exist in many variants

" P-fact: Mainly external information (e.g. fax)
B-fact n I-fact: Important information build internal
I-fact n P-fact: (External) things which are useful also internally

P-fact n B-fact: Important knowledge from external
B-fact n I-fact n P-fact:  Information concerning the core of daily work

Fig. 3. The BIP paradigm

The BIP paradigm also documents our understanding that the expeaetay fs, even in
the long run, not just a more or less intelligent experience repgsitut that it will always
contain a human component.

4.2 Describing and Using Experiences

In the previous section, we discussed different classification diarenfor classifying expe-
rience factory-related information. In the following sections, veegming to discuss still an-
other aspect, namely the question what representation is appropriaeperience-related
material. Since there is a spectrum of documents that contavam¢linformation, there will
be no single formalism that is suitable for all of them. In the following, Welverrefore point
out what type of representation (informal, semi-formal, formad)rseto be appropriate for
which purpose.
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4.2.1 Informal Documentation

In essence, the BIP paradigm expresses the fact that evanmpatiion may be valid as an ex-
perience, no matter what particular format of medium is used. &nsequence, the repre-
sentation that is used for expressing these information must beasegn acceptable one.
Therefore, informal text, in particular, is a valid representatiorestris used in documents at
lower maturity levels, such as raw project documents.

Informal text has a couple of advantages. The most important $trisng$ suitability as a
communication means since it is the representation that all @bteattipients of experiences
easily understand. Conversely, since no special training is reqairget used to the repre-
sentation, members of application projects can easily expressexpariences on their own
using that representation. The latter is also supported by thinddabformal text has unlim-
ited expressive power — members of the project team can exygnasshey want to express
without struggling with the constraints imposed by a more formalthod, more restrictive
representation.

Furthermore, informal text is also a ‘cheap’ representation forimae all the relevant project
documents already use this representation. This is particulgplgrtamt in a situation like
ours where a timely proof of concept for the experience factorypagpipiis required (see Sec-
tion 3) since no time-consuming translation to another representati@yuged before a
piece of experience can be reused.

An informal representation alone, however, is not sufficient sinexaet information may

easily be hidden among a bunch of details which may be less impturttime problem at

hand. As a consequence, structure must be imposed in a suitable way to support the navigation
through the existing material and the identification of the relepmtes of information, yet
without compromising the advantages of informal representations. Terttiatve use semi-

formal notations which are discussed in more detail below.

4.2.2 Semi-Formal Documentation

A more structured representation as a supplement to informal, naisiguctured text pro-
vides a couple of additional benefits such as, e.g.,

 the descriptions of the experiences are easier to understand;

¢ a common structure establishes a common ground for experience inggrdieween dif-
ferent organizations; and

* tool support (e.g. search mechanisms) may use this structure as a basis.

For the definition of a suitable structure, we decided to shift the effort towartitsgvini order
to simplify the reuse of described experience. Criteria for a suitableusgwetre

» the documented experience should be easily comprehensible, and
* the structure should not limit the ability to express things.

The only suitable approach which complies with both criteria is baged structured text.
Building on that premise, we developgulality patterngHoudek and Kempter 1997; Houdek
1997) as a representation primitive to describe experiences in a structured manner.
4.2.2.1 Quality Patterns

A quality pattern consists of three main elements, namelysaititation part, an experience
part, and an explanation part (see Fig. 4).
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Classification part

Classification
Abstract
Problem Solution Experience part
Context
Example
Explanation Explantation part

Related Experience

Administrative Information

Fig. 4. Structure of a quality pattern

In the classification part, the described experience is dedsifith respect to a number of
facets and additionally some keywords. The facets for clagsficemphasize the object,
purpose, and intended group of readers of the described experience.

The experience part contains the main information. At this poirgtnécessary to understand
one of the basic concepts of quality patterns, i.e. the idea of patédexander 1979). Ac-
cording to this idea, the information is documented not in a result-edievday which is nor-
mally used, but in a problem-oriented way. This makes it easiex feader to retrieve the
desired information since she typically is trying to solve a partiguiblem without knowing
at that point what a suitable solution might be. Another esserdrakeat is the description of
the context in which the experience was gained.

The cognitive model underlying patterns is based on the hypothesis thatresafevalopment
is (at least to a significant extent) deterministic. The iegpbn of the same technique,
method, or process will result in (quite) the same result.

The third part of the quality pattern is for explanation purposesexampleillustrates the
problem-solution pair. Thexplanationprovides a justification for the proposed solution, e.g.
by presenting data from a measurement program or supplying rizeuttsa real software
project. The sectionelated experienceefers to other experience packages or related docu-
ments such as data collection forms or meeting notesadiménistrative informatiormen-
tions the author or the date of creation.

The second basic concept underlying quality patterns is the ideaamhigythinking (Minto
1987). Information is presented in several layers. The top layer esmtaly the most impor-
tant information, while the bottom layer provides all the detailsh @mcapproach allows the
reader to judge very early whether the presented experienelevant for the required pur-
pose or not. To make this concept more clear, we have depicted a (metedyrfilled in)
quality pattern in Fig. 5.

Due to their underlying philosophy, quality patterns are primarilyhadgd as a representation
primitive to express types of experiences that are at a haglrity level, such as, e.g., guide-
lines.

4.2.2.2 Refinement of Quality Patterns

In the concept of quality patterns, the author of a piece of expeitersced spend the main
effort that is required for making it reusable. One major probfewriting a quality pattern is
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Classification | Package type: Practice Environment: Large projects, out-
Object type: Product sourcing of SW devel.
Object: IT-contract Analysis technique: Observation
Viewpoint: Quality manager Peculiarities: —

Abstract: Four issues for reviewing and controlling the meinl urgent issues in IT-contracts.

Problem: Which issues should be considered in reviewingamcecting IT-contracts from the perspec-
tive of a quality manager.

Solution: The following four issues can be checked in a @mtteven under time pressure:

1. Incorporate a clause like:
“The acceptance process and —criteria still haveeteegulated in mutual agreement. Al
relevant (written) agreement becomes a constitofethis contract.”
2. Incorporate performance criteria, either directlypg a clause like (1).
3. Take care of assumptions:
Consider for each assumption like “the installatidt take 30 minutes” what will happe|
if the assumption does not hold.
4. Check the assured resources on your side (e.gcmptance activities)
Context: Large projects; software development is outsourtieel;delivered software will be part of a
larger system; quality management for the largéesyss made in-house
Example: <not filled in here>
Explanation: | <not filled in here>
Related Exp.: |= Document “Example contract”
= Lessons learned package “Contract management jeghdYZ”
Admin. Inf. <not filled in here>

=i

Fig. 5. Example of a quality pattern

the decision whether a particular situation (which lead to expeji@mdhe gained experience
(which is in fact more a subjective appraisal than a provenyealibuld be described. In
order to alleviate this problem, the concept of quality pattern tisdlurefined into three sub-
categories, namely theory patterns, practice patterns, and lessons leaaned (s&é Fig. 6).

Quality

Pattern
Theory Practice Lessons Learned
Pattern Pattern Pattern

Fig. 6. Refinement of quality patterns

A theory pattern documents external knowledge such as, e.g., informatonextbooks,
conference proceedings, or seminars. Lessons learned patternsdai® describe an obser-
vation which could be drawn from a fact that really happened. As an optioay contain a
subjective judgement. A lessons learned pattern does not containtalbfpamormal quality
pattern. The example and frequently also the explanation sectionsissiag. Practice pat-
terns are used to package prescriptive things such as, e.g., acGtamdass. These three
types of experience packages are useful to model the evolution ofegxxpgeover time. Ini-
tially, there is some theory (e.g. adapted from textbooks). Thisetiearknowledge can be
used to build a tailored, prescriptive treatment. Applying the infeomataptured in such a
practice package will give rise to several experiences whilthbe packaged in one or more
lesson learned packages. After some time of learning, a newrverfsa (prescriptive) prac-
tice package is created on the basis of the lessons learnedgsmtBgether with the old
practice package. Fig. 7 shows this evolutionary process graphically.

Our experience shows that writing a full-fledged quality patbenm scratch is a fairly diffi-
cult task, which is simplified considerably by following this evolutionary model.
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Theory

Pattern
Practice o Practice
Pattern, ver. 1 / / "|  Pattern, ver. 2
Lessons Learned Lessons Learned
Pattern Pattern

Fig. 7. Evolution of quality patterns

4.2.2.3 Tool Support

In order to make quality patterns usable, also a simple web-basedasaeveloped. Web
technology was used since it might help to integrate the various systeonmpsathat are used
across a large enterprise such as ours. The main features of this tool are

» simple navigation through a system of quality patterns and auxd@syments using hy-
perlinks, and

» searching by using facet classification or full-text retrieval.

More details about these tools can be found in (Fellger 1996) and (Bierer 1997).

4.2.2.4 Modeling the Relationships between Experience Documents

We observed that managing even a relatively small collection gfldhlor 20 experience
packages becomes fairly complicated. This is not so much due to the contergxqfetience
packages, but rather to their interrelation. Every new lessomaetkar practice package re-
lates to many other existing packages. Besides, many otheiiga»dliocuments are also tied
to the packages and may evolve.

To deal with this problem, we decided to capture the relationshiped®etive different pack-
ages and documents more formally in a meta data model.

As a first task in building such a meta model, we had to analgEehwypes of entities were
connected by which types of relationships in our particular contextefiyreve enlarged our
scope from quality patterns to auxiliary documents. By this, neatioakhips beside the
evolutionary relations (i.ea is derived fromb, anda is related td) were identified. The re-
sults of this analysis are summarized in Table 3 and Table 4. Inpbeinall relationship
types also have an inverse; due to limited space, only one direction is mentioned in she table

Entities are associated with a facet classification amd the classification of quality pat-

Experience Packagesg Actual experience packages, typically documentegliadity patterns.

Context description | Description of the context. The rationale for egtirgg this informatior
from the quality patterns is that typically a numbé&documents or expe
rience packages are settled in one context. Sadaixtg the context de
scription helps to avoid redundancy.

Protocols/Notes These documents are created during meetings cerieg®ns. They help
to document rationales or observations.

Raw data Data, especially from measurement programs.

=3

Auxiliary Documents | Documents which were used or produced within anso# developmen
project. In our case documents such as contrduskists or standards.

Table 3. |dentified entities
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terns. All entities can be linked with related documents or quaditierns, respectively. In
order to avoid too much effort in building a consistent and complete mbdaiéta model
can be dynamically extended with additional entity types or relationships (Rudolph 1997).

ais derived fromb Statement in documeatis more concrete than
aincludesb Documentb is a part of documerat.
a described This relationship is to express the relationship aebntext description and

another document.

ais related td This relationship is used to model the semantidutiam, e.g. the incorpg
ration of lessons learned packaged in a new prptckage.

a supportd Relationship between documents of the same kind,experience pacl
ages, if their according statements support eduérot

a contradictd Relationship between documents of the same kind,experience pacl
ages, if their according statements contradict edobr.

Table 4. Identified relationships

Using this meta model as a conceptual basis conveys several benefits:
(1) the understanding of the documents related to one topic can be improved;

(2) some forms of consistency with respect to the used relationsmipgreahecked automati-
cally, and

(3) searching can be supported and focussed.

The first issue is primarily addressed in a tool (Rudolph 1997) whilgs lhe manage the
documents under the control of the experience factory and the relgt®rstiveen them.
Currently, the tool supports only the graphical management of theegratitd relationships,
but we plan to incorporate parsers and unparsers at least for guaddéyns. Fig. 8 shows a
screenshot of one of the tool’s windows.

£F Konzeption fiir das Managemen| ezichungsnetzes von Erfahrungspaketen |
Nelzwerk Bearbeien Bezichungsart a |

Knoten =]

Moduswahl:
Review-Handhuch Erfahrungen
WVie fiihrt man ein Review durch?

MNeu

[

Protakoll
Ablauf des Kunden-Reviews wom 31.07 1337

Protokall
Ablauf des Reviews vom 31.0510387

Review-Umfeld
Allgermein

Protokall
Ablauf des Revigws vom 30.09.1997

Review-Umfeld
FH Trier

Yo
Meldaten vam 31.05.13587 Meldaten vom 30.09.1887

Beziehungen

Moduswahl:

Meu .

aktive Beziehungen:

Review-Urnfeld
Entwickiung von System A

I®
®
e
5.‘1 Farmulare
fur Messungen
=3 -
41 i 3

aktiver Modus: Konten New akiives Netzwerk: ReviewBelspielnetz

Fig. 8. Screenshot of the Experience Package M anagement Tool.
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Consistency checking is related to the definition of the relationsAlpsy/pes of relations
are associated with rules which defines their compatibilityh wiher relations. For in-
stance, for no two packagesandb, a supportsb anda contradictsb can be true at the
same time (even over a couple of packages in between).

The support of searching tasks is achieved by distinguishing relapotygigis which allow
inheritance (e.g. supports) from those which do not (e.g. contradictsseaheh algorithm
assumes that classification attributes are propagated througletthherk along relationships
that allow inheritance.

We can already share some observations concerning these thueeste@bnsistency check-
ing and graphical manipulation proved to be much more useful. They helpeshtmenthe
complexity of the relationships between experience packages. dilvh $acility turned out to
be of less use since the mechanism of attribute inheritanagais wspecially because attrib-
utes are inherited syntactically without further semantic information.

4.2.3 Formal Documentation

We just pointed out that a search facility might benefit fronluoiing semantic information.
One means to be able to include the semantic content of the documamisre comprehen-
sive way is the use of a formal representation formalism. Clearly, it isasble to formalize
all documents completely since the effort required would be much rtge. [Burthermore, a
formal representation is not suited for communication since thpieats of experiences are
in general not trained to understand such representations. Thereformah fepresentation
can only be useful as a supplement to the other notations described above.

Although we do not yet use formal representations so far, we intarse ttormally described
ontologies as a means to support experience classification aiedaletfhis issue shall be
elaborated in more detail in the next section.

5 Future Directions
5.1 Ontology Annotation

One of the most important results of knowledge engineering resianioly the last decade is
the insight that ontologies play a fundamental role for the developohdmowledge-based
systems. Like problem-solving methods, ontologies are a component of aeldgevidased
system that is amenable to be shared and reused (see, e.q, @idestuder 1995 or van
Heijst et al. 1997). Ontologies are also a mechanism to guidedhesiion of knowledge by
providing a modeling schema that indicates which specific types ofledge are, e.g., rele-
vant for a particular task. Furthermore, ontologies can be used to isipostire on a body
of knowledge.

Currently, research focuses on the role that ontologies can plantdihigent information re-
trieval (Fensel et al. 1998). Specifically, the problem is tackiat the retrieval of relevant
pages from the world-wide web is currently restricted to keywaskd search. Thus, neither
the semantic content of the web pages is taken into account, nor caricamation be re-
trieved which is not represented explicitly since no inferencipgluéities are supplied. The
approach taken by Fensel et al. (1998) uses ontologies as a meanshto@uments in the
world-wide web in order to represent semantic information. The ontologirn, is ex-
pressed in terms of a logical language which can be used by enadeengine to answer
queries.
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There is an evident analogy between the retrieval problem for waallelweb documents and
for information from a large experience base. Although the sipeiroéxperience base is still
relatively moderate, we are planning to use ontology annotation to suipgodentification
of relevant information from our body of machine-readable experience @éot¢sinThe first
step in this undertaking will be an analysis of the experience dodsirtteat are currently
available in order to build a suitable ontology. This ontology will casgrects of the appli-
cation domain as well as meta issues such as the relationstweebealifferent pieces of in-
formation. For the latter part, we will use our analysis ofti@iahips between experience
documents (see section 4.2.2.4) as a basis. Clearly, also work on @¢sigale (see, e.g.,
Moran and Carroll 1996) may provide important inputs. In the second stepntbisgy will
then be used to annotate the available experience documents. In ttsteihird prototypical
inference engine will be used for supporting the retrieval of relevant pieces of atitn.

As a by-product, we also expect the ontology to be a useful tool to engpragture onto the
contents of the experience base. This is useful for retrievingnatan manually since it is
relatively easy to find the experience documents that refepésteular part of the ontology.
Additionally, the ontology might also come in handy when additional infoomas inserted
into the knowledge base since the new piece of information can nselealinked to re-
lated pieces of information which refer to the same or closely related paresaitblogy.

5.2 Ontologies that Grow with You

As mentioned above, ontologies can enable numerous mechanisms for seanokiifigng,
and managing a base of experience-related documents. Furthermorearthsy a guidance
for an experience package author by offering ordering and structwamgpworks. As our
experiences have shown, however, neither our domain (software quality menggeor the
— conceptually open — set of tasks the experience infrastructuppssed to carry out is suf-
ficiently clear-cut to tolerate a strict and static ontology.

Fischer and Nakakoji (1992), for example, argue against the clasongflete formal cover-
age in cases in which an open borderline call for creative intewwsnihey consider it sim-
ply inappropriate to spend a significant effort just to mimic ligeht tasks that can easily be
carried out by humans. In many cases (ours is one) there are peafdéla who can carry
out experience engineering tasks. If ontology annotation is meant gocbessful, we will
have to apply a moderate approach characterized by the following statements.

» The ontology cannot cover all documents and all interesting aspegtsn#lychave. There
will be — by definition — always a set of unregistered or onlyigdhrtformalized docu-
ments.

» The ontology is relatively easy to modify (which is a non-trivejuirement, since each
modification in the ontology can have ripple effect on many instances).

» The ontology is particularly easy to extend. When the experienheraut experience en-
gineer feels that the given ontology is insufficient to descrigigen document or experi-
ence, she must face no high threshold to extend it.

» Following the 80-20 rule, the ontology and the mechanisms built on it ctigermone,
repetitive tasks that can be easily automated. It does acknowlesifgct that it may not
completely cover the set of experiences captured, and it makdadhabvious to the us-
ers.
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While all mechanisms provide support, the human is clearly the orentroc The human
constantly has the option to contradict, to adapt, or to ignore advicealngnmechanism
(Fischer and Nakakoji 1992).

6 Discussion

In the initial phase of an organizational learning initiative, miaayes have to be clarified.
One of the most important ones is the question what is valid aspanence in a particular
context. Since this cannot be answered in general and since thheraomeontexts that were
sufficiently similar to ours, we took a bottom-up approach to colkdetvant pieces of infor-
mation, regardless of their format. The advantage of such an appiesman the fact that it

quickly leads to an initial population of potentially reusable experieitesefore, it is easier
to achieve ,early wins“ that convince people of the benefits of Xpereence factory ap-
proach, thus making it easier to motivate additional people to contribute their exgerienc

The down-side of a bottom-up approach, however, is the lack of structime imfarmation.

In order to cope with this problem, we analyzed an initial set pémance-related material to

identify which types of information items can be distinguished and hewdan be structured

suitably. Classification dimensions that are useful for structutiegmaterial we found are

input source and form of analysis, but also maturity. Using thessifatation schemes, we

were able to decide which types of experiences items are tedhateshould be presented to
a potential user first in order to allow him a quick judgement of led@vant the items are for

the problem at hand.

Clearly, the question which types of experience related mategathe relevant ones cannot
be answered in general, but only relative to a particular contberefore, the experience
types we identified can only be a starting point to answer thigignder a different setting.
We feel, however, that our approach to characterize which typeseodstihg material exist
in a particular situation is transferable to other domains everdeuts quality management
or software domain.

A quick evaluation of candidate experiences must also be supported by &tproptations.

To that end, quality patterns are used as a semi-formal re@gésengrimitive which builds

on principles such as pyramid thinking. Such a notation is useful forefomrsed access to
experience-related material than could be provided with informiahtere. It is important to

note, however, that quality patterns are a representation prinfiatenill only be used for

specific forms of experience-related material. Other (leature) forms will always be de-
scribed only informally. In addition to informal and semi-formal notai we currently in-

tend to annotate pieces of information with formally described ontslagierder to provide

more sophisticated retrieval facilities.

Of course, one of the crucial issues in an effort to learn frgmereences is the retrieval of
information that is relevant to a problem at hand. One of the keyagesssf the experience
factory paradigm is that this will never be accomplished in a catelplautomated fashion. In
the current stage of our project, retrieval is accomplished mgnosalthe project support
team, i.e. so far, there is no direct access to the experience base for mergeapplication

projects. Manual retrieval means that the project support teain dasd knowledge of what
the contents of the experience base currently are and which otties pnight be appropriate
to solve a problem at hand. Such an approach is still viable due to témstiguimited size of

the experience base (roughly 100 different documents of various typss).much of the

reused material has been transferred to their recipients inl ¥enlva supplemented by some
of the material in written form as it is described in the eérpee base. Although the direct
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personal interaction between project support team and application pisgechs to be one of
the crucial factors for successful reuse of experiences. Mptesticated aids for identifying
potentially reusable pieces of information are needed if the experbase grows larger. Cur-
rently, the available retrieval mechanisms are fairly kohitthere are some key-word-based
search engines, and quality patterns by their very structurédiscih quick overview if they
contain information that is relevant to a particular problem. Yet évhere were no direct
access to the experience base for the members of the applmagects, at least the project
support team needs to have appropriate retrieval mechanisms. Duédd liesources, how-
ever, we cannot tackle the retrieval issue in sufficient depth icwuent project, but it will
be one of the main topics of a follow-up project.

Summarizing, we can state that although the overall feedback conceun approach was
positive, further evaluations in the real-life context of additiopalieation projects must be
performed. Since we have only initial answers to quite a few dfrtpertant issues in an or-
ganizational learning effort, we are sure that time will bifungher refinements of the con-
cepts we developed so far.
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