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Abstract
The value of most experience-based information
systems tends to degrade with time. To keep the
value of such a system, evaluation and mainte-
nance is an essential. While evaluation monitors
the "value" over time, maintenance has to pre-
serve or improve this "value". Evaluation and
maintenance should not simply happen ad-hoc
but systematically and based on specific quality
and maintenance knowledge, which is linked to
base maintenance on evaluation. As a jump-start
for evaluation and maintenance, the respective
knowledge should be available right from the
start of continuous operation. This paper de-
scribes how to acquire and develop such mainte-
nance knowledge during system buildup to use
and improve this knowledge during continuous
operation for combined human- and computer-
based maintenance. The described approach has
been successfully applied in several projects.
The method is illustrated with examples from
two of these projects as case studies.

1 Introduction
The value of a corporate information system tends to de-
grade with time, be it by external impacts on the organiza-
tion’s environment or by changes within an organization
(e.g., the development of a new product). This is particular-
ly true for experience based information systems (EbIS),
that is, information systems that contain case-specific
knowledge1, because such knowledge is gained almost
continuously in daily work [Weber et al., 2001]. The new
field of “Experience Management” (EM) [Tautz, 2001,
Bergmann, 2001, Althoff and Nick, 2003] deals with all
the relevant research and development issues of EbIS as
well as with their integration into business processes. Case-
based reasoning (CBR) systems are the most prominent in-
stantiations of EbIS, because the CBR community has been
contributing real-life EbIS for more than ten years. Other
examples of EbIS are experience databases, best practice
repositories, or lessons learned systems. Thus, the ingredi-

ents of EM come from CBR as well as scientific fields like
experience factory (EF) [Basili et al., 1994], knowledge
management, and information systems.

In EM, maintenance is of particular importance, because
a (more or less) continuous stream of experience has to be
processed [Bergmann et al., 2003, Nick et al., 2001]. For
example, for a group of about 60 affected researchers at
IESE, our CBR-based EbIS on project experience had an
annual growth of about 500 lessons learned. In addition,
our EbIS also includes best practice descriptions on busi-
ness processes and information on projects as well as the
links among these different knowledge and information
types. Because this EbIS should be maintained with low ef-
fort and the EF staff as maintenance team can work only
part-time for the EF/EbIS, tool support is highly regarded
[Nick et al., 2001]. High quality of the retrieved knowledge
is also requested by the users of such systems. The respec-
tive quality criteria should be related to organizational
goals [Tautz, 2001, Nick and Feldmann, 2000]. 

All this demonstrates that maintenance has a certain
complexity for such systems and is a knowledge-intensive
task. Thus, guidance and decision support for maintenance
is almost essential to successfully maintain and improve
such a system. Due to the variety and amount of knowledge
in an EbIS, authoring and maintenance support has to com-
bine human- and computer-based maintenance activities.
In [Nick et al., 2001], we presented the EMSIG framework
and an integrated technical solution that operationalizes the
support for maintenance regarding cases and conceptual
model using specific maintenance knowledge. As a jump-
start for continuous operation, this maintenance knowledge
should be available at the end of the buildup, that is, when
the initial acquisition and development of the system and of
the knowledge in the “standard” containers (vocabulary,
cases, similarity measures, adaptation [Richter, 1998]) has
been finished. Manually performed maintenance processes
(e.g., acquisition of new cases) are described at a coarse-
grained level in methodologies such as INRECA [Berg-
mann et al., 2003] or DISER [Tautz, 2001]. Automatic or
tool-supported maintenance procedures are available, for
example, from CBR research for very specific knowledge
types for certain task and domain types [Leake et al., 2001,
Leake and Wilson, 1998]. 

However, the maintenance knowledge for decision sup-
port and specific maintenance tasks is rather acquired “by
chance” during continuous operation (so far). Thus, it
might take long to learn the required maintenance knowl-

1 In the scope of this paper, the terms experience, case, and case-
specific knowledge are considered as synonymous. Lessons
learned and best practices are considered as specific kinds of
experiences. 
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edge for decision support. The problem is that existing
methods such as INRECA or DISER only fill the “stand-
ard” knowledge containers of CBR systems. [Roth-
Berghofer, 2002] provides a maintenance manual for a lim-
ited number of rather generic tasks that do not consider sys-
tem-specific issues. Some of the tasks from [Roth-
Berghofer, 2002] can be triggered based on measures for
the case base from [Reinartz et al., 2000]. Therefore, there
is still a lack of support for system-specific evaluation and
maintenance, which is addressed by the work presented in
this paper. 

We have developed the EMSIG approach for mainte-
nance and evaluation of EbISs, which extends DISER with
maintenance. EMSIG combines human- and computer-
based maintenance activities and respective decision sup-
port. Maintenance and evaluation support tools are imple-
mented in an integrated system using CBR technology
[Nick et al., 2001]. The EMSIG-KA method [Nick and
Althoff, 2001a] addresses in particular the development of
maintenance and evaluation knowledge before going into
regular use as well as the further usage and development of
this knowledge during regular use. However, the method as
described in [Nick and Althoff, 2001a] still lacks the link
between evaluation and maintenance in the development of
respective knowledge before regular use. This missing link
between evaluation and maintenance is the focus of this pa-
per.

The paper is structured as follows. In Section 2, we in-
troduce the different maintenance knowledge types.
Section 3 describes the part of the EMSIG-KA method for
acquiring and using quality knowledge for the evaluation
of the system during regular use. In Section 4, we give an
overview on the how to acquire and derive maintenance de-
cision knowledge. The focus is on the knowledge for the
missing link between evaluation and maintenance. The re-
sulting knowledge can be used with tools such as EMSIG’s
software components. Section 5 gives an overview on
projects and two case studies for the described method. Fi-
nally, some conclusions are drawn.

2 Overview on CBR Maintenance 
Knowledge Types

Richter [Richter, 1998] describes four basic knowledge
containers for a CBR system: Vocabulary, similarity, cas-
es, and adaptation knowledge. For the purpose of integrat-
ing evaluation and maintenance into a CBR system, we add
three new knowledge containers that are described in this
Section.

2.1 Quality Knowledge
Quality knowledge describes how the quality of the EbIS is
measured and the current status of the system with respect
to quality as well as the rationale for the definition of qual-
ity [Menzies, 1998]. Quality knowledge deals with quality
aspects of the EbIS as a whole, that is, the EbIS contents
and conceptual model as well as retrieval mechanisms, us-
ability of the user interface, etc. An example for content-re-
lated quality knowledge is a definition of measures for the
utility or value of single cases (see Section 3.2). There are

several types of quality knowledge, which are related as
follows: The measures define what data is collected. The
data collection is performed automatically or manually by
respective data collection procedures. The collected data is
analyzed using predefined models or procedures. The re-
sults of the analyses can be used for justifying an EB and as
input for decisions about maintenance [Nick et al., 2001,
Nick and Feldmann, 2000].

2.2 Maintenance Process/Procedure 
Knowledge

Maintenance process and procedure knowledge defines
how the actual maintenance activities are performed. The
actual maintenance can be performed as a mix of automat-
ically and manually performed activities. For the automat-
ically performed activities (maintenance procedures), tool
support by components of the EbIS or separate tools is re-
quired. The remaining activities have to be performed man-
ually (maintenance processes). To improve guidance for
the maintainers, descriptions of these processes are provid-
ed (e.g., detailed description of the acquisition of new cases
through collecting cases, reviewing these cases, and pub-
lishing them in the case base - see DISER [Tautz, 2001]
and INRECA methodology [Bergmann et al., 2003] for ex-
amples). To combine manual and automatic maintenance,
a maintenance process can have automated subprocesses/
steps, which use input from or provide input for manually
performed steps.

2.3 Maintenance Decision Knowledge
Maintenance Decision Knowledge links the quality knowl-
edge with the maintenance process knowledge. It describes
under what circumstances maintenance processes/proce-
dures should be executed or checked for execution. Such
maintenance knowledge can be described in an informal
manner as maintenance policies [Leake and Wilson, 1998],
which define when, why, and how maintenance is per-
formed for an EbIS. The “why” addresses not only the rea-
son of maintenance but also the expected benefits of the
maintenance operation, which should be related to the ob-
jectives of the EbIS or to the general goal of maintenance
(i.e., to preserve and improve the EbIS value [Nick
et al., 2001]). Since these objectives are typically very
high-level, it is not very meaningful to address the EbIS ob-
jectives directly. Instead, we use a refinement of the objec-
tives: the quality criteria from the evaluation program or
the recording methods. The “how” is a combination of
maintenance processes and procedures with additional
steps as “glue.” 

3 GQM-based Evaluation of EbIS/CBR 
Systems

The success of an EbIS can be measured in many ways.
[Althoff et al., 1999] contains overviews and references.
There are examples for specific views on evaluation mainly
from the knowledge-based system field and related fields.
Furthermore, some evaluation work has been done in soft-
ware engineering (SE) in the area of software reuse (pro-
grams), mainly regarding economic success. Many of the
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economic models for software reuse can also be used for
evaluating EbIS. Other evaluation criteria, most important-
ly recall and precision, come from library and information
science. Cooper [Cooper, 1997] proposes to measure the
success of an information system by the »personal utility«
of the delivered information to the user. However, as point-
ed out by Cooper, the ideal measurement of the usefulness
as perceived by the user is practically and economically im-
possible.

Our evaluation methodology is based on the Goal-Ques-
tion-Metric (GQM) paradigm [Basili et al., 1994] for goal-
oriented measurement. It includes the process, templates,
and guidelines for the application of GQM [Briand
et al., 1996]. GQM is an industrial-strength technique that
has been successfully used in the field of SE at, for exam-
ple, NASA-SEL, Robert Bosch GmbH, Allianz Lebensver-
sicherungs AG, Digital SPA, Schlumberger RPS [CEMP
Consortium, 1996].

In this section, we give a short overview on the parts of
the method that are relevant for CBR-PEB and ESERNET:
The principle of the GQM method (Section 3.1), the 3-
phase quality model showing how evaluation goals, crite-
ria, and metrics for EbIS evolve over time (Section 3.2),
and the feedback channels (Section 3.3). 

A detailed, comprehensive description of the method
can be found in [Althoff and Nick, 2003]. Parts of the
method are described in [Nick and Feldmann, 2000, Al-
thoff et al., 1999].

3.1 GQM: Objectives and Basics
The Goal-Question-Metric (GQM) method systematically
facilitates planning and conducting measurements by help-
ing to define and implement operational and measurable
improvement goals [Basili et al., 1994, Briand
et al., 1996]. In [Nick et al., 1999], we showed that GQM
also meets the requirements for ‘good measurements’ in
knowledge engineering and, thus, is suitable for evaluating
a knowledge-based system like a CBR system.

Motivations for goal-oriented measurement with GQM
–according to [Briand et al., 1996]– are to ensure adequacy,
consistency, and completeness of the measurement pro-
gram, deal with the complexity of measurement programs,
and stimulate a structured discussion about measurement
with the relevant stakeholders. Additionally, GQM also
helps to systematically develop quality models and validate
them in a given context. GQM has no restriction regarding
types of metrics to be used: Qualitative as well as quantita-
tive metrics, metrics for products, processes, and resources
can be combined.

The principle of GQM programs is as follows (Fig. 1):
The analysis task of measurement is specified precisely and
explicitly by detailed measurement goals, called GQM
goals, that reflect the business needs/goals. Relevant meas-
ures are derived in a top-down fashion based on the goals
via a set of questions or quality criteria and quality/resource
models, providing an explicit rationale for the selection of
the underlying measures. This refinement is precisely doc-
umented in (1) a GQM abstraction sheet stating for each
goal the quality factors and the variation factors that impact
the quality factors and the respective hypotheses (e.g., see
Fig. 4, Fig. 5), (2) a GQM plan stating for each goal the
questions derived from the quality factors and variation
factors, measures, and analysis models. The data collected
is interpreted in a bottom-up fashion considering the limi-
tations and assumptions underlying each measure.

3.2 3-Phase Quality Model for Meaningful 
Goals & Metrics over Time

Depending on the maturity level of the EbIS, the measure-
ment program has to be adapted. Hence, the quality models
used for evaluating a single EbIS have to change over time.
Fig. 2 illustrates these changes. In our model, we distin-
guish the three phases for the evaluation of an EbIS [Nick
and Feldmann, 2000]: In the beginning of the usage of the
system (i.e., Phase 1), we use our standard model for meas-
uring indicators about the acceptance of the system [Nick
et al., 2001, Jedlitschka and Nick, 2002]. We combine
measuring the usage of the system (e.g., number of queries)
and feedback on the utility of the retrieved experiences.
Combining usage and utility allows obtaining a picture on
the acceptance more quickly than just monitoring usage be-
cause -in the beginning- usage can also be high because the
system is new and everybody plays with it. Furthermore,

GQM Goal

M1 M2 M3 M4 ...

Q1 …Q2 Q3Q1 …Q2 Q3 (Questions)

(Measures)

Interpretation Model1 ...Model2 Model3 (Analysis
Models)

Business Goal

D
ef

in
iti

on

GQM Plan

Fig. 1. The basic principle of GQM.

Pilot Regular use

Continuous operation

Usage

Simple utility feedback Detailed utility

Economic value

Vision Development 
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Maintenance 
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time

Evaluation

Initial GQM 
interviews

1st feedback 
session

Phase 1 Phase 2 Phase 3

As
se

ss
m

en
t

Fig. 2. Evaluation phases compared to phases of development and maintenance.
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the utility feedback helps to better understand what the us-
ers are really interested in. Furthermore, the coverage is
measured by monitoring the number of cases in the EbIS
over time. This is compared to the expected development
of the number of cases. Later, in Phase 2, application-spe-
cific issues can be added for a more detailed evaluation.
Phase 3 focuses on the economic value of the system.

3.3 Feedback Channels
The feedback channels allow the identification of useful-
ness problems based on user feedback. They explain causes

for a selected number of factors from a cause-effect model
[Althoff et al., 1999] and the respective effects/problems
that are experienced by the user (see Fig. 3 for an example).
These effects are described using indicators. For each indi-
cator, one or several causes are stated. From the causes, the
respective measures for evaluation are derived. For each
cause, a respective improvement action is stated. An im-
provement action can be implemented (a) as a recommen-
dation from the user interface to the user or (b) as a main-
tenance policy.

For GQM, the cause-indicator pairs provide answers to
questions about the indicated problems: If they occur, how
often, and under which circumstances.

To select feedback channels, the users’ viewpoint is tak-
en or representatives of the users are interviewed. An inter-
view has the advantage that it can be clarified which feed-
back the users are willing to give. A measurement special-
ist can now tell what in addition has to be measured to
allow a meaningful analysis of the data to be collected.

Feedback channels are set up per retrieval goal or query
interface. Details on the feedback channels can be found in
[Althoff and Nick, 2003, Althoff et al., 1999]. 

4 Defining Maintenance Decision 
Knowledge

Our method EMSIG-KA implements the principle of ac-
quiring and developing maintenance decision knowledge
while developing the EbIS. It derives operational mainte-
nance knowledge from three major sources: (1) a knowl-
edge life-cycle model (see [Nick and Althoff, 2001a]),
(2) artifacts developed and information gained during
buildup (see [Nick and Althoff, 2001a]), and (3) the parts
of the quality knowledge defining what, when, and how to
measure. From these sources, rather informal maintenance
policies are derived. In addition, generic, well-tested main-
tenance policies from CBR research and practice can be re-
used for general aspects (see [Leake and Wilson, 1998] for
an overview and [Leake et al., 2001] for the state of the
art). Before using these, their application constraints must
be checked and analyzed carefully.

The structure of a maintenance policy is as follows: A
“trigger” states the condition for “firing” the policy. The
“actions” describe what has to be done when a guideline is
triggered, that is, how which knowledge/experience item
has to be maintained. The “expected benefits” help justify
the application of the policy, for example, by cost-benefit
issues or quality improvements. 

In the following, we focus on the measurement program
as a major source and on how to derive maintenance poli-

cies from it. For details on how to derive maintenance pol-
icies from the other sources please refer to [Nick and
Althoff, 2001a].

4.1 Deriving Informal Maintenance 
Decision Knowledge from the 
Evaluation Program

In general, the triggers can be derived from the evaluation
program because this is the link from the maintenance de-
cision knowledge to the quality knowledge, which is de-
scribed by the evaluation program. For the trigger identifi-
cation, the quality factors and variation factors from the ab-
straction sheets are analyzed: (see Fig. 5)

• The quality factors together with the respective base-
line define expectations regarding the quality. If
there is no well-founded baseline available in the be-
ginning, the first policy has to be defined with the ex-
pectation/estimation. After some iterations, the poli-
cy is revised to consider the well-founded baseline.
The maintenance activity is to check if the expecta-
tions are met sufficiently.

• The variation factors and respective analysis model
results can be used in three different ways: (1) They

Step Indicator Cause Improvement action Type of action

evaluate/examine Not enough use-
ful artifacts in 
the result of the 
query

Imprecise or incorrect query Re-specify query direct
Coverage too low Record new artifacts cumulative
User overestimates EbIS Clearly express purpose, focus, and abilities in 

user interface.
Communicate these to users.

cumulative

Fig. 3. Excerpt from list of feedback channels [Althoff and Nick, 2003]. This feedback channel has several causes.

Fig. 4. Deriving maintenance decision knowledge from different
sources.

Knowledge 
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Model

Objectives Scenarios

Schema
Knowledge 
Collection 

Plan

Maintenance 
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Support System
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Evaluation Plan

Maintenance 
Guidelines

Subject Areas
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can be used directly in a trigger. (2) They can “ad-
just” a trigger by, for example, choosing respective
values from the baseline. (3) They can be used as
background information for human-made decisions
if no explicit decision model has been developed yet. 

After identifying the triggers, the respective actions are
outlined. In a second step, the actual maintenance policies
are “compiled”, selected, and refined. In particular, the ac-
tions are defined, discussed, and reviewed by the mainte-
nance personnel (see Fig. 6, Fig. 7).

To document the relation between measurement pro-
gram and maintenance policies & guidelines, the IDs of the
referred questions/criteria/measures/models are stated in
the maintenance policies & guidelines.

4.2 Operationalizing Information 
Maintenance Decision Knowledge for 
Tool Support

To allow tool support, the maintenance policies are further
formalized as maintenance guidelines. The maintenance
guidelines have the same basic structure as the mainte-
nance policies. To allow tool support, the following major
changes and extensions are made with respect to mainte-
nance policies (see [Nick et al., 2001] for details):

A partial or complete formalization of the “trigger” is re-
quired to allow an automatic tool-based checking of the
trigger. The formalized parts of the trigger can refer to
items from the standard containers as well as measures,
user feedback, periodic events, or events such as the end of
a project. For more advanced analyses, the trigger can also
refer to results from analysis tools such as data or text min-
ing tools. The parts of the trigger that cannot be formalized
are included in the maintenance guideline for manual
checks by the responsible role. In case the actual trigger
cannot be formalized at all, then the respective guideline
can be triggered periodically as a reminder and an EF staff
member does the actual condition check manually. 

The “actions” refer to human-based maintenance proc-
esses, automatic maintenance procedures, and the “glue”
among these. Thus, it is possible to combine automatic pro-
cedures with human-based execution of processes. Loose-
ness or tightness of this integration depends on the tools,
e.g., one could export cases for analysis with a data-mining
tool each month (loose integration) or a data-mining com-
ponent could be run automatically (tight integration).

5 Projects and Case Studies
Work on the approach was started in 1997 with the evalua-
tion of CBR-PEB, which laid the foundation for the tailor-
ing and extension of the GQM approach for EbIS [Nick and
Tautz, 1999, Nick et al., 1999]. Later, the measurements
developed for CBR-PEB where successfully analyzed if
they are applicable to a similar system, KM-PEB (Knowl-
edge Management Product Experience Base [Althoff
et al., 2000]). The initial GQM trials lead to the develop-
ment of an initial set of feedback channels [Althoff
et al., 1999]. Further case studies for a GQM-based evalu-
ation of an EbIS in the SE field are the evaluations of the
SFB repository and the EMS of FC-MD [Nick and

Feldmann, 2000]. The ESERNET case study [Jedlitschka
and Nick, 2002] (Section 6) demonstrates the application
of the mature approach as described above. In the
SKe project (http://www.ske-projekt.de/) the method is be-
ing applied to evaluations of CBR-based EbIS in the IT se-
curity domain.

6 The ESERNET Case Study
ESERNET aims at improving maturity and competitive-
ness of European software intensive organizations. For this
purpose, cases about best SE practices, their benefits as
well as their context requirements and boundaries are
shared via the ESERNET EbIS (http://www.esernet.org/).
Such knowledge enables companies to improve faster and
at lower cost. 

The ESERNET EbIS as well as CBR-PEB are both pub-
licly available in the web. ESERNET is officially funded
by the European Union.

At the point in time when the evaluation program was
developed (July 2002), the first release of the ESERNET
EbIS was almost finished. Thus, according to the 3-phase
model, the ESERNET EbIS was considered to be in
Phase 1.

We expected the evaluation of ESERNET [Jedlitschka
and Nick, 2002] to be another case study for Phase 1 of the
3-Phase Model. Furthermore, the existing models for the
utility goal should be confirmed with a GQM interview. A
more specific goal was to integrate the feedback channels
into the method. The hypothesis is that the feedback chan-
nels can be assessed based on the current implementation
and adjusted using the information on feedback channels in
[Althoff and Nick, 2003]. In particular, we wanted to vali-
date the identification of maintenance policies based on
GQM abstraction sheets or GQM plans.

For ESERNET, we derived five maintenance policies
from the abstraction sheets and GQM plans for the goals 1,
2, and 4. Two policies have a different version for Phase 1
and Phases 2 & 3. Section 6.1 describes this for two of
these maintenance policies. The first policy is derived from
a quality factors. The second policy is derived from a qual-
ity factor and related variation factors as well as baseline
hypotheses. Furthermore, Goal 3 provides the maintenance
policies related to the improvement actions for the feed-
back channels. Here, we simply had to select the feasible
and relevant improvement actions based on the analysis of
the available feedback channels [Jedlitschka and
Nick, 2002]. Section 6.2 presents one of the maintenance
policies related to the feedback channels. The remaining
ESERNET maintenance policies can be found in [Jedl-
itschka and Nick, 2003].

6.1 Deriving Maintenance Policies from 
GQM Abstraction Sheets

The first maintenance policy combines a quality factor, the
respective baseline, and several variation factors (see
Fig. 5). The policy (Fig. 6) deals with fill-out question-
naires that are not as complete as expected. The variation
factors “type of organization” and “maturity of organiza-
tion” select the respective expectation regarding complete-
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ness. This expectation will change over time, that is, a good
expectation or baseline has to be learned over time. Fur-
thermore, evaluation results regarding understandability
problems with questions are considered in the actions tak-
en.

From Quality Focus 2 of Goal 1, which is marked in
Fig. 5, a second maintenance policy has been derived (see
[Jedlitschka and Nick, 2003]). 

6.2 Deriving Maintenance Policies from 
Feedback Channels

The third maintenance policy (Fig. 7) was selected and de-
rived from a feedback channel. Question 2 from Goal 3
“rate of queries where no suitable artifact is found in the
query result” is related to the feedback channels with the
indicator “not enough useful artifacts in the result of the query”
for the generic usage process step “evaluate/examine”
(Fig. 3). Alas, the indicator is related to different causes
with different improvement actions each. In particular, the
causes “coverage too low” and “user overestimates reposi-
tory system” cannot be reliably identified when the user
uses the EbIS. Therefore, a survey is made among the users
that gave this feedback to find out more about the users’
needs and expectations.

ESERNET / Goal 1:
Analyze the questionnaires Names: NN, NN, NN
For the purpose of evaluation Date: 23.06.2002
With respect to usability
From the viewpoint of a provider of empirical study information
With the task filling questionnaire (provide study information)
In the context of ESERNET.

Quality focus: 
1.  Questionnaire content complete
2.  Understandability measured as frequency 

of complaints from different providers 
(questionnaire, question)

[...]

Variation factors: 
[...]
2.  Type of organization of provider [research, 

applied research, industry]
3.  maturity of the organization

(a)  experience with the topic

Baseline hypothesis:
1a.  80% completely filled questionnaires 
1b.  60% completely filled final reports
[...]

for the definition of “completeness” see 
[Jedlitschka and Nick, 2002]

Impact of variation factors:
[...]
3.  The higher the maturity of the organization, 

the more complete is the content of the
(a)  Questionnaire
(b)  Final report

[...]
5.  The more industrial the type of the organiza-

tion, the lower the completeness of the con-
tent

Fig. 5. Abstraction Sheet for Goal 1 for ESERNET focusing on the usability of the web question-
naires. Relevant items and respective relationsships for two maintenance policies are highlighted.

Trigger: [Goal 1, QF1]
new submission of filled-out questionnaire,
completeness of submission < expectation [

type of organization, 
maturity of organization]

Actions:
• decide if further action is required:

– criteria: to be learned
• if yes (i.e., further action is required): 

– ask the provider to revise his submission within 
2 weeks

– if the provider has problems with certain questions 
(see Q-5 “understandability of questions by provid-
er”), clarify the questions with the provider

Expected benefits:
• better completeness of study descriptions

Fig. 6. Example of a maintenance policy derived from a quality
factor (quality factor 1 of goal 1), respective baseline hypothesis,
and variation factors.

Trigger: periodical,
>40 queries in last period where no suitable 
artifact is found in the query result [Goal 3, Q2]

Actions:
• Make a survey among the users who gave this feedback

to find out more about their interests (because they pro-
vided feedback and, therefore, seem to care more about
ESERNET than people who do not provide feedback)
and their expectations regarding the coverage.

• The results can be used for 
– a revised acquisition strategy or 
– an improved communication regarding what you

can expect from ESERNET.
Expected benefits:

• better addressing of the needs of the actual users

Fig. 7. ESERNET maintenance policy derived from Goal 3 (feed-
back channel “no suitable artifact found”).
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6.3 Major Lessons Learned from 
ESERNET

Evaluation. The quality models for utility [Nick and
Feldmann, 2000, Althoff and Nick, 2003] and the evalua-
tion method in general [Nick and Feldmann, 2000, Althoff
and Nick, 2003, Nick and Tautz, 1999] were validated an-
other time. Furthermore, we developed a quality model for
the perceived utility analyzed from the viewpoint of the
maintainers. Furthermore, the following lessons were
learned:

• For the evaluation personnel, we have to distinguish
between the web usage evaluation and the GQM-
based evaluation. For the web usage evaluation,
standard IT knowledge is sufficient due to good tool
support. For the utility and feedback evaluation,
which is still a new field, no standard tools exist yet.
Because adaptations and discussions are quite fre-
quent, experienced evaluation personnel or consult-
ants are required to bootstrap and coach such an eval-
uation.

• The implementation of the data collection procedures
has to be checked to ensure that the measurement
program is really implemented correctly (e.g., the
“mandatory metrics” are complete to ensure that
meaningful evaluations are possible [Althoff and
Nick, 2003]) and that not some metrics are discarded.
If some are discarded, the measurement specialist has
to analyze the potential “damage” to the measure-
ment program by tracing bottom up from the meas-
urement plan through the GQM plans to the abstrac-
tion sheets to identify what cannot be analyzed any
more and discuss these findings and issues with de-
velopers and repository-responsible persons. This
check is in particular required when measurement
specialist and EbIS developer(s) are not the same
person.

• Quality focus “coverage” in Phase 1: The develop-
ment of a more detailed definition then “number of
cases per topic/subject area” is a difficult and time-
consuming task. We recommend to simply using the
measure “number of cases per topic/subject area” be-
cause it is easy to comprehend and the respective
data is easy to collect and analyze. To monitor the
trend, you have to state the expectations about the
number of cases and about the type of trend (e.g., lin-
ear).

The stated lessons learned were integrated into the evalua-
tion method [Althoff and Nick, 2003].

Maintenance. First, we validated the EbIS maintenance
method, in particular, deriving maintenance policies from
GQM plans and using feedback channels.

Second, we developed a set of generic maintenance pol-
icies for SE EbIS for perceived utility for two viewpoints
(user and maintainer). Some of the maintenance policies
have variants for the different phases or stages. For the
viewpoint user, the maintenance policies are similar to the
improvement action-cause-indicator tuples from the feed-

back channels. However, when there are several causes for
an indicator, this has to be considered for the maintenance
policy.

7 Conclusion
We presented the EMSIG-KA method for the acquisition
of the knowledge required for maintenance and evaluation
of case-based reasoning (CBR) systems in particular and
experience-based information systems (EbIS) in general.
The method allows having the required maintenance and
quality knowledge available when the system going into
“regular use” or “online”. Furthermore, the developed
knowledge can be integrated into the CBR system/EbIS
following the example of the EMSIG framework [Nick
et al., 2001].

The case studies have demonstrated that the method is
effective regarding delivering the maintenance knowledge
before the “regular use”. The method is also efficient be-
cause it allows a quick and inexpensive start with prede-
fined models for evaluation and maintenance. These mod-
els are the feedback channels and the quality model for the
beginning of the regular use, where the focus is on accept-
ance of the system. 

The maintenance is linked to the evaluation in a system-
atic and traceable manner. The GQM plans were used as
starting point to identify the “when” of maintenance. Based
on that, so-called maintenance policies were developed,
which describe the “when”, “how”, and “why” of mainte-
nance. A set of generic maintenance policies for CBR sys-
tems/EbIS for measuring utility could be identified.

The maintenance policies in the ESERNET case study
were reviewed by the ESERNET project team at IESE to
check the meaningfulness before continuous operation.
However, only the actual continuous operation will show
the actual qualities of the policies. Some of the mainte-
nance policies also require further development during
continuous operation or have different variants depending
on further maintenance experience gained during the actual
maintenance. This shows that learning is also an important
issue for CBR maintenance.

Future work will focus on system-specific measure-
ments and maintenance policies. We want to identify re-
spective models that are common for systems of a certain
environment, task, domain, or lifecycle model.
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