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Executive Summary

It is an important industrial need to deliver high-quality knowledge-based sys-
tems and organizational memories (e.g., to support service management or
knowledge management in general). Evaluation is required to ensure this high
quality and guide the development and maintenance. We present an approach
for facilitating practical evaluation of knowledge-based systems and organiza-
tional memories that meets the requirements for good measurements in knowl-
edge engineering. The base of this methodology is the Goal-Question-Metric
(GQM) technique, which is an industrial-strength technique for goal-oriented
measurement and evaluation from the field of software engineering. The practi-
cal benefit of GQM is demonstrated by a case study where GQM was applied to
an existing case-based reasoning system/application.
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Introduction

1 Introduction

Knowledge management is seen as a critical factor for an enterprise’s competi-
tiveness and success. This requires the optimal use and capturing of the resource
“knowledge” for enabling learning from experience, continuous process
improvement, and the extension of a company’s creativity potential (Abecker
et al., 1998; Prahalad and Hamel, 1990; Althoff et al., 1999b). Knowledge-
based systems (KBSs) and organizational memories (OMs)' can be employed to
(partially) automate and facilitate this task.

It is widely accepted that there is an industrial need to deliver high-quality KBSs
(Benjamins et al., 1997) as well as high-quality organizational memories
(Abecker et al., 1998). To ensure this need for high quality, evaluation is required
that can guide the development and maintenance of a KBS or OM (Benjamins
et al., 1997; Kirchhoff, 1994). Problems with existing evaluation studies
(Menzies, 1998a) show that there is a need for a systematic approach that helps
conducting “good measurements”. In (Menzies, 1998c¢; van Harmelen, 1998) it
is stated what are the requirements for good measurements in the field of KBSs.
For OMs this was also worked out in (Nick and Tautz, 1999). These requirements
are mainly based on the existing knowledge in the field of software measure-
ment (Basili, 1992; Fenton, 1991; Rombach, 1991) and evaluation in artificial
intelligence (Cohen, 1995).

That both Artificial Intelligence (Al) and Software Engineering (SE) have some
joint interest is nothing new and can be seen from events like the annual Inter-
national Conference on Software Engineering and Knowledge Engineering
(SEKE) and many others. While SE has its particular strengths in the systematicity
of its approaches and its inherent focus on real-life applications, Al provides
research results concerning the development of innovative software products as
well as theoretical foundation?. Evaluation of KE methods is a topic that is
extremely important for the development and improvement of experimental
prototype systems as well as for dealing with real-life applications. As such it lies
in the center of both Al and SE. While the awareness of such approaches has
increased in the Al community in the last years (e.g., in the workshops on

1 For the purpose of this paper, we see an organizational memory (OM) as a knowledge-based system
(KBS). A KBS can store formal as well as informal knowledge. A KBS can also include the organizational
infrastructure that is required to set up, use and maintain the system. In the field of software engineering
we call such a KBS an experience factory (Basili et al., 1994a). The experience base is the facility that is
used for storing the knowledge.

2 Of course, this is not intended to give a complete picture of the respective fields but rather to underline
certain strengths in these fields to achieve some synergy in combining (parts of) them.
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knowledge acquisition, modeling, and management: van Harmelen, 1998),
Experimental Software Engineering (ESE) is already a well established subfield in
SE (Basili, 1992).

(Menzies and van Hamelen, 1999) differentiate between
¢ Dbig evaluations for evaluating KA/KE methodologies,
e small evaluations for evaluating KA/KE components,

® micro evaluations for evaluating a particular KA/KE component.

This is a similar definition as given in (Althoff, 1995) and (Althoff, 1997) who
describe the most detailed "small evaluation" currently available with respect to
case-based reasoning systems. In the meantime this has been supplemented by
a micro evaluation of one concrete case-based reasoning application (Nick and
Tautz, 1999), a continuation of which is described in this paper. Based on this
evaluation work the ground has been prepared for defining methodologies for
developing case-based reasoning and/or experience factory applications (Althoff
and Aamodt, 1996; Althoff and Bartsch-Sporl, 1996; Bergmann and

Althoff, 1998; Bergmann et al., 1999; Althoff et al., 1998; Althoff et al., 1999b)
and hopefully in the future for evaluating these methodologies.

This paper presents a methodology that facilitates the evaluation of knowledge-
based systems and organizational memories by ensuring inherently that the
requirements for good measurements are addressed, that is, it systematically
helps to select good, meaningful measures, interpret the measurement data,
improve system and evaluation, and learn about system and evaluation. This
methodology was successfully applied to evaluate the existing system CBR-PEB
(CBRPEB, 1998; Nick and Tautz, 1999).

The evaluation methodology is based on the Goal-Question-Metric (GQM) para-
digm (Rombach, 1991) for goal-oriented measurement and includes the process
and guidelines for the application of GQM (Gresse et al., 1995; Briand

et al., 1996). GQM is an industrial-strength technigue that has been successfully
used in the field of software engineering at, for example, NASA-SEL, Robert
Bosch GmbH, Allianz Lebensversicherungs AG, Digital SPA, Schlumberger RPS
(CEMP Consortium, 1996).

Section 2 shows why GQM is an appropriate approach for the evaluation of
KBSs with respect to the requirements for “good measurements”. Section 3
illustrates how GQM was applied to an existing OM as a case study. Section 4
describes how a GQM measurement program can be systematically improved
and rolled out. Section 5 states the relation to existing work in the field.
Section 6 gives some conclusions and future work.
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2 GQM — An Appropriate Approach To Implement “Good"” Mea-
surements for KBSs and OMs

To understand why GQM is an appropriate approach, it is necessary to know its
objectives and basics. The latter is subject of Section 2.1, the former of Section
2.2.

2.1 GQM: Objectives and Basics

As already stated, GQM is an industrial-strength technology for goal-oriented
software engineering measurement (Basili et al., 1994b; Gresse et al., 1995;
Rombach, 1990), which has been successfully applied in several companies.
GQM helps to define and implement operational and measurable software
improvement goals.

Motivations for goal-oriented measurement with GQM according to (Briand

et al., 1996) are ensuring adequacy, consistency, and completeness of a mea-
surement plan’, dealing with the complexity of measurement programs, and
stimulating a structured discussion about measurement. Additionally, GQM also
helps systematically develop quality models and validate them in a context.

In GQM programs, the analysis task of measurement is specified precisely and
explicitly by detailed measurement goals, called GQM goals, that reflect the
business needs/goals. Relevant measures are derived in a top-down fashion
based on the goals via a set of questions and quality/resource models. This
refinement is precisely documented in a GQM plan, providing an explicit ratio-
nale for the selection of the underlying measures. The data collected is inter-
preted in a bottom-up fashion considering the limitations and assumptions
underlying each measure. These principles are also depicted in Figure 1.

2.2 How Does GQM Ensure Good Measurements?

(Menzies, 1998¢) and (van Harmelen, 1998), which is also related to
(Menzies, 1998a), list some criteria that must be met by methods that imple-
ment good measurements for KBSs. Other widely accepted criteria are taken
from the field of software measurements (Fenton, 1991; Basili et al., 1994b;
Rombach, 1990; Briand et al., 1996). In the following, GQM is analyzed using

1 A measurement plan defines how and when what data has to be collected and validated by whom.
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Figure 1: The basic principle of GQM.

these criteria. For each requirement it is explained how the state of the art in
goal-oriented measurement with GQM addresses the requirement.

e Hypothesis requirement (Menzies, 1998c; van Harmelen, 1998)
To collect meaningful data, it is necessary to first state hypotheses that will be
confirmed or refuted by the collected data. Two kinds of explicit quantitative
hypothesis are stated for each goal:

1 hypothesis about the expected quality (“baseline hypothesis”) and

2 hypothesis about the expected impact of parameters (so-called variation
factors) on the quality (“impact of variation factors”).

e Relation to business case (Menzies, 1998b)
To conduct meaningful, adequate, realistic measurements, it is necessary to
relate the measurement program to the business case, that is, the business
goals of the company as well as the actual usage of the system in practice.

For GQM, (Briand et al., 1996) distinguishes between improvement and mea-
surement goals. The improvement goals state and reflect the business needs.
The measurement goals are derived from the improvement goals. This aims
at bringing goals, questions, and measures closer together as well as relating
the measurement activities to the company’s business/improvement goals.
Typically, measurement goals are changed more often than improvement
goals.

For example, an improvement goal could be “improve the management of
knowledge in company X”. The measurement goals would first deal with the
characterization of the current status of knowledge management in the com-
pany to capture a baseline, then deal with the evaluation of the knowledge
management in the company (i.e., assess the quality of knowledge manage-
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ment), and finally deal with the control and change of the knowledge man-
agement activities (i.e., influencing knowledge management to alleviate risks
and/or improve its quality).

Measurement requirement (Menzies, 1998c; van Harmelen, 1998)

In the field of SE (Fenton, 1991) names three classes of entities and attributes
to be subject to measurements: process (i.e., collection of software-related
activities; e.g., duration of process, effort for several activities), product (i.e.,
any artifacts, deliverables, or documents that result from a process activity),
resource (i.e., entities required by a process activity; e.g., personnel, materi-
als, experience/skills) each requiring different categories of measures. In prac-
tice, it turned out that it is sufficient to distinguish only between measures
for quality factors (that describe the quality of an object) and measures for
variation factors (that are expected to have an impact on the quality factors)
for all three classes (Briand et al., 1996). With GQM the related entity is given
by the object of measurement stated in the GQM goal, which can be a prod-
uct, process, or resource. Additionally, measures for data validation can be
required in some environments to allow checking the validity of the collected
data.

Quality models can be used as a “pool of ideas” or a kind of framework for
developing measurement plans. Note that it is absolutely necessary to select
the adequate parts of the model and/or select or derive adequate measures
(Briand et al., 1996). Examples for quality models in the field of knowledge
engineering are OMI’s cause-effect model for the factors that influence the
usefulness as perceived by the user (see Figure 7; Althoff et al., 1999b), the
quality criteria for the development of KBSs from (Benjamins et al., 1997),
and the criteria for evaluating CBR systems from (Althoff, 1995).

GQM can also help to elicit such a quality model and validate it in the context
of the measurement program. For example, OMI’s cause-effect model was in
parts based on the experience gathered in the evaluation of CBR-PEB (see
Section 3).

Statistical requirement (Menzies, 1998c¢)

“Statistical theory requires several samples of a space before we can be con-
fident that a representative portion of the sample space has been covered.
Statistical validity is discussed extensively in (Cohen, 1995).”

(Menzies, 1998c¢)

GQM does not explicitly address the issues of statistical validity because its
focus is on systematically developing an adequate, consistent, and complete
measurement plan and stimulating and institutionalizing a structured discus-
sion as well as feedback.
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To improve the statistical validity in advance, (Briand et al., 1996) suggests to
relate questions and measures closer to goals and to check the measures and
data collections procedures against the underlying quality models before the
actual data analysis takes place. This has the effect that the chosen measures
and their scales can be better reviewed before effort is put into data collec-
tion, data analysis, interpretation, and a redefinition of the measurement pro-
gram.

Degradation studies (van Harmelen, 1998)

In a degradation experiment it is studied how algorithms, methods, ontolo-
gies, etc. behave when certain parameters are changed. To get meaningful
results, the change of parameters should be plausible and not random.

GQM not only facilitates the systematic elicitation of the detailed measure-
ment criteria regarding the quality but also the elicitation of parameters (vari-
ation factors) that influence the quality and, therefore, have to be considered
when developing the measurement plan and planning experiments. Because
the variation factors are elicited from experts regarding the context, they can
be asked regarding meaningful and plausible variations of the variation fac-
tors.

In additional to these requirements stated by (Menzies, 1998b; Menzies, 1998c;
van Harmelen, 1998), we identified the following criteria as vital for successful
measurement programs.

Explanation for deviations in repeated measurements
Variation factors provide explanations for deviations if measurements (i.e.,
experiment or case study) are repeated.

This also facilitates the roll-out of a case study to an experiment by helping to
identify the variables that can be used to control the experiment. Obviously,
these can be chosen from the variation factors.

Clear and explicit documentation

The clear and explicit documentation of the measurement program, its ratio-
nale, and its related activities facilitates the adaption of a measurement pro-
gram when necessary (e.g., because of changing environments). A well-doc-
umented measurement program can also be better understood by, for
example, persons involved in a roll-out or reuse. Additionally, a good docu-
mentation improves communication among measurement program partici-
pants and users (Briand et al., 1996).

GQM helps and guides you to explicitly document all the important parts of
the measurement program to make it well traceable (this is illustrated in Sec-
tion 3): The goals are documented using templates. The rationale of the mea-
surement program is documented by the decomposition of goals into ques-
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tions and measures in the so-called GQM plan. The actual what, when, how,
and who is documented in the measurement plan. The interpretations of the
analyzed measurement data, results, and decisions are also documented. Les-
sons learned about measurement with GQM are also documented to help
people in future measurement activities. A schema for describing lessons
learned can be found in (Birk and Tautz, 1998).

Consistency and completeness (Briand et al., 1996)

To collect only required and meaningful data, it must be ensured that the
measurement plan is consistent and complete. The experience in the SE field
shows that without these precautions it often happens that, for example,
unneeded data’ is collected or necessary data is not collected that would be
required for the analysis and interpretation. The former makes the measure-
ment program unnecessarily expensive, the latter would be a threat to the
case study or experiment if it were detected too late.

The systematic development of the measurement plan according to the GQM
method ensures its consistency and completeness. GQM has demonstrated
this ability in various uses in the software industry, for example, see (CEMP
Consortium, 1996).

Identification of threats to validity

Variation factors support analyses regarding threats to validity such as a sam-
ple that is not representative (e.g., not addressing all required user groups of
a system) or changes to system or measurement program.

Additionally, all this facilitates the assessment of an evaluation study regarding
the following characteristics that are requested by (van Harmelen, 1998):

Reproducibility: The reproducibility is supported by the good documentation
as well as by the variation factors providing explanations for deviations in
repeated measurements.

Generalizability of the results: The elicitation and validation of quality models
make the results generalizable. That is, the quality models can be used and
validated in other contexts.

Realism: The relation to the business case makes a study realistic.

Well-controlled: The identification of variation factors helps controlling a
study.

We have seen that the GQM methodology provides a way for conducting good
measurements according to widely accepted requirements/criteria. Additionally,

1
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the GQM methodology facilitates conducting a measurement program system-
atically, involving “users”, improving the measurement program itself, and
learning about measurement activities. This is illustrated by the application of
GQM to the existing system CBR-PEB in Section 3.

8 Copyright [J Fraunhofer IESE 1999
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3 The Application of The GQM Technique to CBR-PEB

This section describes the application of our approach to the existing system
CBR-PEB. First, the system CBR-PEB is introduced. Then it is shown how GQM
has been applied to evaluate CBR-PEB.

3.1 The System CBR-PEB

CBR-PEB is an experience base that has been developed for supporting CBR sys-
tem development (Althoff et al., 1999a). Emphasis is placed on providing deci-
sion support for reusing existing CBR system know-how for the development of
new systems. To make the system easily accessible by CBR developers all around
the world, the system has been made publicly available via the WWW

(CBRPEB, 1998).

This experience base is based on a number of research efforts: Althoff et al.
(Althoff, 1997) developed the classification criteria for CBR systems. Bartsch-
Sporl, Althoff, and Meissonnier (Bartsch-Sporl et al., 1997) conducted a survey
about CBR systems and made these experiences reusable by means of CBR tech-
nology, that is, each questionnaire has been represented as a structured case.
Finally, an evaluation program was developed in order to show the usefulness of
the system from the viewpoint of its users (Nick and Tautz, 1999).

3.2 The GQM Process for CBR-PEB

This section introduces GQM in detail and shows how GQM has been applied to
evaluate the existing experience base CBR-PEB. General hints and information
are marked with an arrow ().

GQM can be applied in cycles. Each cycle refines the measurement program and
— as a side effect — the EB system as well. Figure 2 shows the complete GQM
cycle and its steps in general, and its instantiation for CBR-PEB (the first itera-
tion). In spirit the GQM cycle is based on the Quality Improvement Paradigm
(QIP), which is compatible with TQM (Basili, 1993). The single steps are
described in detail in the following.

Prestudy. The first phase of a GQM program has the objective of collecting
information relevant to the introduction of a GQM-based measurement pro-
gram. This includes a description of the environment, “overall project goals”,
and “task of the system”. This helps the person(s) responsible for the measure-

Copyright [ Fraunhofer IESE 1999 9
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Figure 2:

10

Identify evaluation focus: analyze whether
CBR-PEB is successful, or not

Lessons Learned
about OM evaluation

Prepare next step

Package Prestudy

Interviews with experts:

Rework according to
Identify GQM goal setting

decisions made in

. Interpret
feedback session collected GQM goals
dataand B B -
?8";82{58 Develop Interviews with experts:
GQM plan fill out abstraction sheets

Feedback session

with experts
Construct GQM plan for CBR-PEB

Derive
g;ggsurement Derive and implement
measurement plan for CBR-PEB

Collect data

Usage trials with experts

The standard GQM cycle and its instantiation for CBR-PEB.

ment program become familiar with the topic making it possible to appear in
interviews as a competent person and partner. Usually, the participants of the
measurement program are also trained in this phase.

= A good source for information are also existing measurement programs
and lessons learned recorded from these measurement programs as well
as publications on general issues and models regarding evaluation and
measurement (e.g., OMI’s cause-effect model (see Figure 7; Althoff
et al.,, 1999b), quality criteria from (Benjamins et al., 1997), evaluation cri-
teria from (Althoff, 1995)). With this knowledge in mind, the interviewer
can ensure that the goals, questions, and measures are really measurable
and make sense. Without this knowledge it will take much more time to
come up with a meaningful measurement program.

In the prestudy for CBR-PEB, a usage process model for CBR system develop-
ment with CBR-PEB was developed to allow identification of definite points for
measurement.! It was also proposed that the public installation in the WWW
will lead to certain problems with the collection of measurement data, that is, it
must be possible to distinguish between measurement data from surfers and

from real use.

1 Note that OMI's cause-effect model (Althoff et al., 1999b) was not available when the evaluation of CBR-
PEB started. The quality criteria from (Benjamins et al., 1997) focused more on the development and did
not conform with the chosen goals. However, the criteria described in (Althoff, 1995) and (Althoff, 1997)

influenced the evaluation work.
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Identify GQM Goals. The objective of identifying goals is to get a list of well-
specified and ranked goals. First, informal goals are collected. Second, they are
formalized according to the template for GQM goals. Third, the goals are
ranked, and, fourth, the ones to be used in the measurement program are

selected.
Goal 1 Goal 2 Goal 3
“Technical Utility” “Economic Utility” “User Friendliness”
Analyze retrieved information retrieved information organizational memory
for the purpose of monitoring monitoring characterization
with respect to technical utility economic utility user friendliness
from the viewpoint of |the CBR system developers [the CBR system developers [the CBR system developers
in the context of decision support for CBR | decision support for CBR |decision support for CBR
system development. system development. system development.
Figure 3: The list of formal, ranked, and selected GQM goals for CBR-PEB.

The resulting GQM goals (see Figure 3) focus on the technical and economic
utility of the retrieved information (Goal 1 and 2) and on the user friendliness of
the EB system (Goal 3). The viewpoint is represented by the interviewees and the
context by environment and task of the system. Here, it is obvious that the other
goals have the same viewpoint and context as Goal 1.

=  The identification of the GQM goals can be supported by existing work in
the field such as OMI's cause-effect model (Althoff et al., 1999b), the
quality criteria from (Benjamins et al., 1997), or the evaluation criteria
from (Althoff, 1995) as well as more general models for evaluation such

as the EFQM" model for business excellence (EFQM, 1997).

For example, if a company uses the EFQM model then actual GQM goals
can be derived from the EFQM criteria. These EFQM criteria reflect the
business goals that are the basis for the GQM goals. Lower level EFQM cri-
teria can also support the identification and selection of GQM goals, ques-
tions, and measures. This is also supported by our experience from an
ongoing project in the health care sector. For example, the business goal
could be to improve customer satisfaction (EFQM criterion 6). Then a mea-
surement goal could be derived from the lower level criterion 6a “assess-
ment of the service in the hospital from the viewpoint of the customer”:
“Analyze the service for the purpose of evaluation with respect to reliabil-
ity from the viewpoint of the customer in the context of the hospital X.”
To actually define “reliability of service”, a GQM interview would be con-
ducted to develop a GQM plan for this goal.

1 EFQM = European Foundation for Quality Management

Copyright [ Fraunhofer IESE 1999 11
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Figure 4:

12

Develop GQM Plan. The objective of this step is to develop a GQM plan for
each goal, that is, an operational refinement of a GQM goal via questions into
measures including the analysis models that specify how the measurement data
is analyzed to help answer the questions. This is done as a two-step process:

First, people representing the viewpoint according to the GQM goal are inter-
viewed to make their implicit, relevant knowledge about the GQM goal explicit.
For this purpose, abstraction sheets are filled out in an interview (e.g., see
Figure 4 for the abstraction sheet of Goal 2 for CBR-PEB). An abstraction sheet
represents the main issues and dependencies of a GQM goal in four quadrants:
The "quality factors” describe the properties of the object in the goal to be mea-
sured, the “baseline hypothesis” describes the current knowledge with respect
to the properties to be measured, the “variation factors” are factors that are
expected to have an impact on the properties to be measured, the “variation
factors” are factors that are expected to have an impact on the properties to be
measured. This impact is described under “impact of variation factors”. Varia-
tion factors should only be listed if their impact is stated as well.

Goal:  Analyze the retrieved information Names: M.M., N.N.
for the purpose of monitoring Date: 97/10/01
with respect to economic utility
from the viewpoint of the CBR system developers
in the context of decision support for CBR system development.

Quality factors: Variation factors:

1. similarity of retrieved information as mod- | 1. amount of background knowledge
eled in CBR-PEB (Q-12) a. number of attributes (Q-8.1.1)
2. degree of maturity (desired: max.) [.]

[development, prototype, pilot use, daily 2. case origin

use] (Q-13) [university, industrial research, industry]
[...] L]
Baseline hypothesis: Impact of variation factors:
1. M.M.: 0.2; N.N.: 0.5 (scale: 0..1) 1. The higher the amount of background
[...] knowledge, the higher the similarity. (Q-8)
2. The more “industrial” the case origin, the
The estimates are on average. higher the degree of maturity. (Q-9)

[...]

Abstraction sheet for Goal 2 “Economic Utility”. The numbers of the related questions in the GQM plan are
included to improve traceability (here limited to questions addressed in the paper).

Second, for each goal a GOM plan is derived from the abstraction sheet. For
each issue addressed in the quadrants “quality focus” and “impact of variation
factors”, a top-level question is derived. For each of these top-level questions, a
model (if available), a data presentation, and the hypothesis are also given. The
hypothesis also includes a statement saying what the hypothesis from the
abstraction sheet means with respect to the analysis results. The top-level ques-
tions are refined as necessary. For example, the question for the variation

Copyright [J Fraunhofer IESE 1999
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hypothesis 2 for Goal 2 is refined into questions for the involved variation factor

"case

origin” and the involved quality factor “degree of maturity” (see

Figure 5). So, the GQM plan documents all relevant and necessary information

for the evaluation and, thus, shows a rationale for the measurement program.
=  Measures in GQM plans can be qualitative (e.g., quality of case source)
and quantitative (e.g., completeness and similarity) as well as subjective
(e.g., completeness estimated by the user) and objective (e.g., similarity
automatically collected by the system).
=  According to our experience, it is useful to plan the data analysis as far as
possible in advance (e.g., by defining (or using) an explicit model as shown
in Figure 5). This makes it much easier to verify the measures, their scales,
etc. before effort is put into data collection, analysis, etc. This is in line
with the experience of (Briand et al., 1996).
Q-9 What is the impact of the case origin on the degree of maturity?
Q-9.1 What is the case origin?
M-9.1.1 per retrieval attempt: for each chosen case: case origin
[university, industrial research, industry]
Q-9.2 What is the degree of maturity of the system?
M-9.2.1 per retrieval attempt: for each chosen case: case attribute “status” [“prototype”,
“being developed”, “pilot system”, “application in practical use”; “unknown”]
Model: Distribution of retrieval attempts by degree of maturity and case origin — see data presen
tation below.
The percentage of retrieval attempts per degree of maturity m (including “unknown”) and case
origin c is calculated as follows:
#retrieval attempts
#chosen cases in attempt k in (m, ¢)
Z #chosen cases in attempt k
att% Lo(m,c) = k=1 ,
Omaturity(M: €) #retrieval attempts
A chosen case is a retrieved case that is regarded useful by the user.
Data presentation: !
degree of maturity case origin
university industrial industry unknown
research
development 19.9% 5.8%
prototype 19% 10.4%
pilot use 2.2% 2.9%
practical use 4.7% 2.3% 16%
unknown 16.8%
Hypothesis: The more “industrial” the case source (“industry” is more industrial than “industrial
research” is more industrial than “university”), the higher the degree of maturity.
That is, there should be a cumulation on the diagonal from (prototype, university) to (practical use,
industry) in the data presentation below.
1 These data reflect the status CBR-PEB from May 12, 1999.
Figure 5: Excerpt from GQM plan for Goal #2 “Economic Utility”, Question 9. The data presentation contains the

results from the usage trials for this question.
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The Application of The GQM

Technique to CBR-PEB

= Howy complete is the information vou retrieved about the systern on average (for all inspected cases) with
respect to your personal expectations?

fverage percentage of retrieved attributes over desired attributes about the system: IIBIZI %

s Howy complete is the information you retrieved about the development process on average (for all inspected
cazes) with respect to your personal expectations?

Average percentage of retrieved attributes over desired attributes about the development process: IEEEI %

Figure 6:

14

Excerpt from on-line questionnaire for Question 5 (completeness).

Derive Measurement Plan. The objective of this step is to implement the data
collection. Thus, the GQM plans must be linked with the usage processes of the
EB system. This is documented in the form of a measurement plan that
describes for all measures from all GQM plans of the measurement program
what measurement data is collected when, how, by whom, and who validates
and stores the data. Finally, the data collection procedures are implemented,
that is, questionnaires (paper-based or on-line — see Figure 6 for an example)
and automatic data collection procedures are developed.

Data Collection. For the first iteration of the measurement program, only data
from usage trials with the experts and some other persons were collected. This
helped validate the data collection procedures and get first results (Nick and
Tautz, 1999).

For the second iteration of the measurement program, data from real use is
being collected (as is in this paper: see Figure 5 “Data Presentation”). This also
includes data about queries derived from questions from the ai-cbr mailing list.
The real-use data collected so far is currently being evaluated.

The collected data must also be validated. For example, with CBR-PEB it can
happen that a user submits some measurement data, later notices that he has
forgotten to enter some measurement data and submits the measurement data
a second time (this is always possible in the WWW and difficult to avoid). Then
the first data record is obviously invalid and has to be removed.

Interpret Collected Data. The collected and analyzed data is interpreted in
feedback sessions with the experts (for exemplary data see Figure 5 “Data Pre-
sentation”). Thus, the objectives of these feedback sessions are the interpreta-
tion of the results of measurement data analyses, the verification of the hypoth-
eses stated in the GQM plans (impact of variation factors and baseline), the
comparison of the results to the goals, the evaluation of the measurement pro-
gram, and the identification of the possibilities for improvement of both the
software system and the measurement program [Gresse et al., 1995, p151]. The
interpretations, results, and decisions are explicitly written down in the minutes
for the feedback session.
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Figure 7:

The Application of The GQM
Technique to CBR-PEB

In case of CBR-PEB, possibilities for improvement of both the measurement pro-
gram and the retrieval process (i.e., the EB system) were identified. For the mea-
surement program and the on-line questionnaires, for example, one should try
to receive feedback from the Internet by means of a subjective rating of the
whole system by the user and a text field for comments about the system. This
feedback should be evaluated by the experience factory staff and during future
feedback sessions. For the EB system, the experts suggested to improve the on-
line help regarding certain terms which are not obvious.

Package. Some of the experience gained in the measurement program was
packaged as lessons learned to make it explicit. These lessons learned can be
used as guidelines for creating and maintaining a successful experience base.
For example:

e High-quality artifacts are required and the information about these artifacts
should be as up-to-date and as complete as possible.

e An effective retrieval mechanism is needed for identifying suitable (i.e., rele-
vant) artifacts for reuse (e.g., with the 60 attributes of CBR-PEB, an exact
match would be pure chance and very rare). This relevance must be modeled
appropriately.

e The first iteration of the GQM process for CBR-PEB showed that the GQM
approach is useful for evaluating an experience base and led to a meaningful
result.

e The experience gathered in the evaluation of CBR-PEB was also compiled into
parts of OMI's cause-effect model (Althoff et al., 1999b) — see Figure 7. For
example, the factors in the branch “conceptual knowledge” address the
impact of “attributes” and “concepts” on the “completeness” (this was
stated in one of the GQM plans as impact of variation factors). Systematic
Evolution of the GQM Program

conceptual

user tool knowledge
correctness attribute concept

user
interface

retrieval

goal query

spec.

user-definable similarity

completeness
precision awareness P

of ex. artif.

urgency
of search

universe of
discourse
concepts

REFSENO attribute
experience

perceived

- accuracy origin  quality usefulness
improvement Ef;g'ceevsil —>
program )
maturity semantics character- artifact
ization coverage
climate—» fixed universe of
similarity completeness discourse
. # artif. distribution
environment methodology contents

OMI's cause-effect model: The usefulness as perceived by the user is influenced by many factors. (Althoff
et al., 1999b)
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4 Systematic Evolution of the GQM Program

GQM-based measurement programs are evolved systematically. The evolution
should adhere the following three principles:

1 Itis typical and a good strategy to start small with items that are well under-
stood and easily measurable (Briand et al., 1996). This leads to a better
understanding of domain, system, and measurement program. Based on the
better understanding, the measurement program can be improved in each
cycle. For example, the identification of problems with the data collection
and analysis can lead to changes in the definition of the measurement pro-
gram (e.g., to improve statistical validity you could try to better track addi-
tional variation factors and better track changes to variation factors).

This strategy also addresses the cost/benefit aspect of a measurement pro-
gram. That is, in the beginning, it is important to demonstrate the benefits of
measurement (i.e., measurement is useful to everybody) and minimize the
risks and remain on the safe side.

2 The evaluation should guide the development and improvement of the sys-
tem (Kirchhoff, 1994). This can be seen as a specialization of the guidance of
Al research by evaluation as proFosed by (Cohen, 1989) and (at least par-
tially) carried out in the INRECA' project (Althoff, 1997; Althoff, 1995;
Althoff et al., 1995).

3 The evaluation may not interfere with the evolution and improvement of the
system. That is, regular changes to the system must be considered by the
measurement program. It is not acceptable to delay, for example, updates of
information just for the sake of measurement activities. This is also related to
the second principle.

The systematic evolution takes place in two dimensions. First, for one domain
the measurement program changes the focus with the maturity of the KB or OM
system in this domain. Second, the measurement program must be extended
when a new domain is added.? The latter mainly addresses KBSs or OMs that

1 INRECA = INduction and REasoning from CAses. ESPRIT Ill project No. 6322. May 1992 - November 1995.

2 Note that you could also define a hierarchy of domains (e.g., CBR would be a super domain for CBR sys-
tems and CBR projects). For the following, it is sufficient to address just the implemented domain. Adding
a new sub domain can be handled like adding a new domain.
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are intended to cover several domains. All this leads to an evaluation/measure-
ment program that addresses several domains in different phases.

For each step in the evolution a new iteration of the GQM cycle is started. Note
that in a second and following iteration some steps can often be kept much
shorter and simpler. For example it is not necessary to make a GQM interview
for minor changes to a measurement program (especially if these changes had
already been decided in a previous feedback session).

4.1 Evaluation for One Domain

The evaluation for one domain mainly bases on Principle 1 “start small and
evolve continuously” and considers the current state of the art in KBS evalua-
tion. Thus, the idea is to evolve continuously toward an ideal measure (economic
viability). This evolution takes place in phases corresponding to the development
of the system.

The Ideal Measure/Model. The ideal model would be an objective economic
indicator such as return on investment. This would require to measure the effort
or money saved by using the KBS for each usage of the system and compare this
to the effort for setting up and running the KBS. It is obvious that it is very diffi-
cult to measure the effort or money saved because the measurement data will
be meaningful only after the initial period in which the system changes fre-
quently. Thus, measurement activities must start with items that are more stable
and easier to measure.

Phases for Development and Evaluation. We distinguish three phases for
the evaluation of a KBS (oriented at the maturity of the system): The first phase
consists of the setting up of the KBS. This includes also the usage in the begin-
ning where the system is changed quite often according to new/changed
requirements and wishes of the users. The second phase is characterized by the
regular use of the system. The third phase is characterized by the understanding
and analysis of the economic viability of the system. These phases are not strictly
separated, but rather overlapping.

In the first phase, the acceptance can be simply measured by the usage of the
system (e.g., percentage/number of persons that used the system several times).
Allowing textual feedback has also proven (in the evaluation of CBR-PEB) to be a
good source of hints for the improvement of the system.

The focus on the acceptance is meaningful because the acceptance of a KBS by

the intended users is crucial because such a system can only yield benefits if it is
accepted and used.
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Because the system tends to be changed relatively often in the beginning, it is
very difficult to address the actual quality of the system regarding its contents,
retrieval mechanisms etc. with a measurement program.

Applying GQM in this phase to the contents, retrieval mechanisms, etc. of the
system will lead to a list of requirements rather than actual evaluation criteria
including wishes for the criteria instead of hypotheses." Thus, it would be an
overkill to establish a measurement program in the beginning of a KBS project
just for the sake of validating the system.

The second phase focuses on the guidance of the development by the evalua-
tion (Principle 2). Ideally this should be conducted as a controlled experiment.

Thus, to measure the impact of changes to the system, changes must be well
planned to obtain statistically valid measurement data. These changes are cap-
tured by the variation factors in the measurement program. Obviously, changes
only make sense if there is at least one hypothesis regarding the impact of the
change on the quality of the system.

On the other hand, evaluation must adhere to Principle 3 (do not disturb
improvement). Thus, the evaluation must be able to deal with regular mainte-
nance such as, for example, adding, modifying, or deleting cases in a CBR-based
OM. This also must be reflected by respective variation factors.

The evaluation of our system CBR-PEB (see Section 3) is currently at the begin-
ning of Phase 2. The experts know what they can expect from the system
regarding its retrieval mechanisms and contents. The evaluation of the user
friendliness was difficult because the WWW interface had not been finished
when the GQM interviews were made.

The third phase is dominated by trying to measure actual costs and benefits to
determine the economic value of the KBS (e.g., via its return on investment).
Obviously, there must be a positive balance between costs and benefits. A
detailed theoretical analysis of costs and benefits for experience bases can be
found in (Nick, 1998). Only the usage of the system can yield the benefit.

On the side of the costs we must distinguish between several types of costs
(Nick, 1998): the costs for setting up the system, the costs for running and

1 If GQM were used in such a way it would be more like knowledge acquisition than evaluation (i.e., GQM
would be used as technique for structured interviews about requirements and the expected performance
of the system). Note that such a GQM plan could also be derived from the requirements, and vice-versa.
For example, the GQM plan for CBR-PEB for the goal “user friendliness” was more like a list of require-
ments regarding the maximum number of text input field, maximum number of questions asked by the
system in the beginning of the query, etc. Such information is typically part of the requirements.
Because our focus here is the evaluation we will not discuss this additional benefit of GQM in detail.
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maintaining the system, and the costs for using the system. These costs can rel-
atively easy be measured right from the start of KBS project (i.e., measure the
effort that is needed to set up and maintain the system). This is necessary to get
a complete picture of the costs and benefits of the KBS. The costs for using the
system are required to compare them directly with the benefit established by the
usage.

The actual benefit is much more difficult to measure. Theoretically this would
have to be the subjective value of the information to the user (Cooper, 1997).
Because this is practically and economically very difficult to measure, we have to
use other measures. One idea could be to assign a kind of standard value to
each package that is attributed to each usage of this package, but you have to
be careful to make this meaningful rather than arbitrary.

In the end of one phase and in the beginning of the next phase, case studies
and experiments help improving the awareness regarding the actual quality of
the system. This was one of the major benefits of the first iteration of the evalu-
ation program for CBR-PEB in which the experts recognized that the system was
much better than expected (usage trials and feedback session). In another
project we plan to conduct a field test to test the acceptance of an KBS by the
users (regarding user interface and domain model)

Nice-To-Have Models. It would be very nice to have a model to estimate costs
and benefits of the installation and usage of an KBS. This could be used as a
very good argument for selling a KBS (if the figures are good).

At the moment, this is not necessary in most cases because KBSs and especially
OMs require and still get strong support by the management in the beginning.
Thus, measurement can first focus on acceptance and utility without addressing
cost and benefit in terms of time/effort/money directly. In the future, we will
have to be able to estimate the expected value of a KBS or OM in advance. This
statement is supported by reports from the CBR community where buyers now
begin asking for the economic benefit of the system to be installed.

4.2 Roll-Out for Several Domains

Although, in the case of CBR-PEB our approach has only been applied to one
domain (CBR system development) and one class of users (CBR system develop-
ers), it can be easily rolled out to the general case with several domains (e.g.,
management processes, documents, experiences) and several classes of users
(e.g., line and project managers) by defining GQM goals for each context and
viewpoint according to domain and user class. Thus, the measurement program
can be scaled according to a company’s needs by refining domain and/or user
class.
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In (Althoff, 1997), existing CBR systems were evaluated' to derive the require-
ments for the INRECA system (Althoff et al., 1995), which was the basis for sev-
eral industrial CBR systems combining the benefits of existing CBR systems.
Although the goal of this study was a different one, the context was the same as
for CBR-PEB, and the procedure and the kind of expected results were similar to
the GQM process: The evaluation criteria were categorized and refined. The
existing CBR systems were analyzed according to the evaluation criteria to derive
the requirements for the INRECA system. Several iterations were necessary to
get the final results.

In (Kirchhoff, 1994), it was proposed to use evaluation to guide the incremental
development of knowledge-based systems. An experimental methodology for
this guidance was developed. It was stated that people (knowledge engineers
and users) need to be involved in development and evaluation. This is similar to
the involvement of experts in GQM interviews and feedback sessions.

In (Menzies, 1998b), the need for business-level evaluations was underlined. An
approach using critical success metrics (CSMs) for such evaluations was pre-
sented. CSMs indicate success if some number inferred from the system passes
some value. This approach was applied to a knowledge-based system used in
the petrochemical industry. In contrast to GQM, the approach does not allow
subjective measures, which are typical for more complex applications like experi-
ence bases, and allows only small changes to a running system.

Within OMI (Althoff et al., 1999b) GQM can be used to determine the utility/
usefulness criteria, that is, GQM can support the identification of GQM goals as
well as the identification and selection of quality and variation factors (depend-
ing on the aspects of the cause-effect model addressed by the measurement
program).

1 according to (Menzies and van Hamelen, 1999) it can be considered as a (very detailed) small evaluation.
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6  Summary and Conclusion

Most of the existing evaluation approaches for knowledge-based systems (KBSs)
in general and organizational memories (OMs) in particular are difficult to adapt
to company-specific needs (Menzies, 1998b). To be useful in practice, evaluation
techniques need to be able to cope with various environments, viewpoints, and
measurement objectives as well as with the incremental build-up of the KB or
OM system. A detailed evaluation can also guide the development of an OM.
Our approach uses the Goal-Question-Metric (GQM) technique to evaluate an
OM for software engineering knowledge. GQM is an industrial-strength tech-
nique for software engineering measurements, especially designed to deal with
practical needs. It does so by involving the data collectors (in this case the users
of the OM), as they are considered to be the experts in developing and/or apply-
ing the measured objects.

The paper focused on three main issues: how GQM facilitates evaluation, an
exemplary case study (i.e., the successful application of GQM to an experience
base on CBR systems), and how GQM can be iterated to guide and support the
systematic evolution and improvement of the evaluation program and the sys-
tem.

The GQM methodology facilitates the evaluation of KBSs and OMs by explicitly
including requirements for good measurements in the field of KBSs and OMs
(Menzies, 1998b; Menzies, 1998c; van Harmelen, 1998) as well as software
engineering (Fenton, 1991; Briand et al., 1996) into the evaluation method, for
example, the relation to the business case, explicit hypotheses, and support for
experiments and case studies. The systematic conducting and documentation of
the measurement activities, rationales, and results (Gresse et al., 1995) makes
measurement programs well-traceable and repeatable.

The systematic evolution and improvement of the measurement program and
the system is based on principles for measurement, evaluation, and system
development. The systematic evolution addresses the phases in the develop-
ment (i.e., the maturity of the system and evaluation program) in a single
domain as well as the roll-out for several domains.

In our experience, the maturity of the evaluation program progresses through
three phases for KBSs and OMs: (a) prototypical use, (b) use on a regular basis,
and (c) wide-spread use. Each phase is associated with typical measurements.
For instance, during prototypical use (where the system is still undergoing fre-
guent changes), acceptance measured in terms of system usage (e.g., number
of accesses per user within a certain time span) and informal user feedback are
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of primary importance. Once the system is in regular use, the focus of the evalu-
ation program shifts to guidance for improvement of the system based on more
formal user feedback. Finally, cost/benefit calculations are the primary focus dur-
ing the phase of wide-spread use. This experience is in line with the progression
of the purpose of measurement goals in general: characterization/monitoring,
evaluation, and control/change as reported in (Briand et al., 1996).

Currently, we are evaluating the data collected from the real use of CBR-PEB. In
the future, we plan to apply GQM to the evaluation of organizational memories
in the health care sector in a research project funded by the Fraunhofer Society
(Munich, Germany) as well as in other public projects currently being proposed.
For future research, we also see the development of quality models for KBSs as
an important point.
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