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Abstract

The knowledge engineering (KE) and software
communities have several evaluation methods,
and techniques, unfortunately, we have not reach
an agreement about what the proper object of eval-
uation should be. We try to unravel the mystery
around evaluation methods, exposing several im-
portant models, synthesizing their most important
features into an evaluation process that keeps the
best of them all. The discussion surveys some
of the most important features to judge the qual-
ity of products. Through all the paper we try to
hint answers towhat should be measure and how.
And finally, we exhibit a unified evaluation pro-
cess, and how our knowledge acquisition method-
ology (KAM), KAMET, is embracing it. Through
all this work we review evaluation processes in the
light of modern KAMs and knowledge manage-
ment (KM) techniques.
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1 Introduction

Most current KE evaluation tools and techniques are not
good controlled experiments. Even though there are in
common use powerful and helpful KE tools and techniques.
Unfortunately, when evaluated, their benefits cannot be yet
demonstrated. As Menzies [18] clearly says, we need some
better methods than reading the glowing reports from the
authors of these KE tools and techniques. We should be
aware of the fact that metrics to evaluate the effective man-
agement of knowledge are very difficult to find. This is why
our community requires new metrics and evaluation meth-
ods, and in order to do that we need and require reaching
an agreement aboutwhat should be evaluated andhow.

The specification of objects to be evaluated is a corner-
stone. For instance, suppose we want to evaluate a knowl-
edge acquisition methodology (KAM). Which one is the
proper object of analysis: the methodology itself, the
quantity of knowledge that can be acquired using it, the
knowledge-based systems (KBS) that can be developed, or
the benefits derived from applying these KBS? This leads
directly to products and services, since these are derived
from the objects themselves. We cannot measure prod-
ucts and services without reference to the objects, and even
when we have a clear picture of the objects of analysis
defining and measuring the products and services can prove
to be a very difficult task. Besides in order to determine
which are the products and services it is necessary to know
very well the context in which the KBS is or will be operat-
ing, this takes a lot of time.Metrics and evaluation methods
are still an open issue. Thus we take the best of procedures
and techniques that have proven to work well in practice.



Our evaluation method involves a process, similar to that
proposed by Van Wegen [25]. He suggest that the assess-
ment of value is a complex issue, requiring answers of a
number of questions, including the following:

� What object should be evaluated, the knowledge or the
KBS?

� How is value defined? and

� How can one measure this value?

He discusses what should be the object of evaluation, and
also presents a model called the production graph, which
allows you to measure the value of different objects. Fen-
ton [10] and Hori [14] also presented similar processes.
Fenton considers that there are three classes of entities in
software measurement:

� Processes are any software-related activities that take
place over time.

� Products are any artifacts, deliverables, or documents
that result from processes.

� Resources are items required by processes.

He also suggested that internal and external attributes
should be distinguished within each class of entity. Internal
attributes are the ones that can be measured separated from
their behavior. External attributes are the ones that can be
measured only with regard to other entities in its environ-
ment. Hori [14] emphasizes that external attributes cannot
be measured directly without reference to internal attributes
. Fenton [10] also offers a theoretical and pragmatic anal-
ysis regarding what it takes to have a good evaluation. He
argues that a program must measure how a product was
generated, what was generated, and what resources were
used in the production.
Basili [1] proposed to guide the integration of measure-
ment into the software development process. Their method
called Goal Question Metrics (GQM), provides a frame-
work involving three steps:

� Establish analysis goals of interest.

� Refine each goal into a question that must be answered
to determine whether the goal is being met.

� Decide what must be measured in order to answer the
question suitably.

As can be noticed, all these proposals are similar. The
terms, details and depth is different among them, though.
Our evaluation process keeps, in essence, the best of each
one, and involves four steps:

� The specification of the objects to be evaluated;

� The designation of the products and services derived
from these objects;

� The definition of values or range of performance for
these objects, products, and services; and

� Which methods qualitative and/or quantitative should
be applied.

We want to emphasize that the main aim is not to offer the
ultimate metrics and evaluation technique, but to encourage
work on this area by reviewing principles and summarizing
them in a strong and solid evaluation process. You should
keep in mind through the rest of the paper, that we are ad-
dressing the questions: what should be evaluated? and how
it should be evaluated?. We also assume, in the following
discussion, that the reader is familiar with KE tools and
techniques.

2 The Value of Knowledge

Over the last years, several authors have presented differ-
ent results concerning the value of information. The choice
of an object of evaluation is a prerequisite for the defini-
tion of the value of information, and thus the importance of
selectinggood objects to evaluate is confirmed. However,
Shannon and Weaver [23], pioneers in the information area,
stated that information should not be confused with mean-
ing. The question that supports their work is:How does
one measure the amount of information?
Even though Shannon’s approach offers a good measure
of the quantity of information, it is not enough for knowl-
edge assessment. Recently, Van Wegen [25] has described
a modern family of approaches, which focus on the role of
information in decision making. A whole different method
where the value of information is defined in terms of prob-
abilities of states and actions, is defined by Marschak and
Radner [16]. For each decision situation, actions and alter-
native states are to be defined, probabilities are associated
to states, and the decision concerning what action should be
selected, depends on the maximization of the benefits that
can be reached. This method is interesting, because it of-
fers an ordered and incremental way of measuring a given
model. However, Gotlieb and Parson [11] have shown, that
in most cases, it is very difficult to associate probabilities
with certain degree of confidence to the different model’s
states.
Mason [17] proposed another evaluation method in which
the proper object of analysis should be the collection of ser-
vices derived from using the knowledge. Their micro level
approach assumes there is a market for knowledge, and
thus, the value of knowledge should be determined consid-
ering supplies and demands for each service. In fact, how
much users are willing to pay for a given service is what de-
termines its value. Gotlieb and Parson presented a similar
method, their macro level approach considers the impacts



of benefits in an organization rather than in a project, proce-
dure or function. Both methods are interesting because they
focus in a market for knowledge. However, both evaluation
methods require too much time to get results: services need
to be already in the market.
Repo [22] distinguishes between the exchange value and
the value in use. The exchange value is related to in-
formation products and should be studied using classical
economical methods. The value in use is associated only
with information and should be studied using cognitive ap-
proaches. Van Wegen showed that this approach fails be-
cause it does not involve aspects of the product’s informa-
tion, that might be valuable for the user.
As we can see the myriad of approaches to evaluation meth-
ods, range from evaluating the process itself to evaluating
the final product, from rather simplistic methods: build it
and then evaluate it, to full modeling activities, involving
(some of them) economical or probabilistic analysis. Ide-
ally, what we need an evaluation process that allow us to
“step in” at any point in the development process and ob-
tain a measure of what is going on.

Data, Information, and Knowledge

The expressions data, information, and knowledge are cus-
tomarily discussed among the KE community, and –in rare
cases– they are confused. Data represents items of potential
interest, information expresses processed data, and knowl-
edge represents one of those words that everyone knows
the meaning of, yet finds hard to define. In this context,
Knowledge might be expressed as specialized information.
Davenport and Prusak [9] capture the essence of these im-
portant concepts in the following way:

Data is a set of discrete, objective facts about events.

Information is described as amessage, usually in the form
of a document or an audible or visible communication.
As with any message, it has a sender and a receiver.
Information is data that makes a difference.

Knowledge is a mixture of various elements; it is fluid as
well as formally structured; it is intuitive and therefore
hard to capture in words or understand completely in
logical terms. Knowledge exists within people, part
and parcel of human complexity and unpredictability.

Information has been pondered of considerable economic
value in decision problems under uncertainty. It is al-
most impossible to make good decisions and supply def-
inite evidence for the drawn conclusions in the absence
of information. Unfortunately, KE have always acted in
spite of inaccuracy or lack of information. This problem
is –practically– inherent to any knowledge domain and is
almost impossible to avoid in real-world situations. The
main point here is: For how long we have to continue the
research process in order to get the best balance between

the cost of performing the research (identifying, monitor-
ing or developing information), and the value we receive
from assessing knowledge?
In [2], Boehm, presented a collection of value-of-
information procedures, and the conditions under which it
is wise to decide investing in more information before de-
veloping a product or service. The major issues attacked by
Boehm relate directly to the software engineering world,
nevertheless, they can perfectly apply to KE one.
Obtaining the best cost/information balance takes giant
proportions in the KE world, because the knowledge at-
tained is, most of the times, incomplete or inaccurate.
Therefore, having a fine project manager (one who can
manage knowledge projects), and the right people to model
and implement the KBS, is but just the beginning to a suc-
cessful system. Requirements analysis, risks analysis, and
appropriate KM techniques are a must have for nowadays
KBS creation organizations.

3 The Specification of the Proper Objects of
Analysis

How can we measure the effectiveness of a given evaluation
technique? Well, we can certainly draw statistical charts of
its behavior over a certain period of time, under several dif-
ferent contexts. It could not be simpler, however, in the
above statement we are obviating an important hypothesis:
the objects of analysis. Who pick them up? Were they the
most appropriate ones? Would (could!) the result be the
same if we would have chosen different objects to analyze?
These questions, unfortunately, don’t have an easy answer,
many are the reports showing opinions, impressions, case
studies, and similar situations in which an evaluation tool or
technique was applied successfully. Nevertheless, having
techniques to measure whether the knowledge acquired is
correct, complete, or at the very least sufficient for a given
task is, to many of us, still a dream. Having the tools is one
thing, mastering them a different one, it appears that expe-
rience is the main factor behind good selections of objects
over which to test the viability of a project.
We will try to express and represent that empirical knowl-
edge used by experienced project managers, based on re-
cent studies, and having always in mind that most of these
arerules of thumb, and as such, they might be refutable.

3.1 The Specification of Products

We should think in a market for knowledge. That is, not
only in what the product of service represents, but also in
what it does, and in the benefits it supplies to customers and
users. Customers are not buying a product, they are buying
your assurances that their expectations for that product will
be met, Guaspari [12].
The aggregated value and continue benefits a customer re-
ceives when using a product, is what makes it useful and
valuable. This is one of the most competitive advantage



for products’ developers or a company. We will have sat-
isfied clients if they receive the expected product plus an
aggregated value. The formulation of a value, on the other
hand, should be a relentless process. This is the only way it
can become an important and competitive advantage. This
constant process depends mainly on the perception clients
have concerning:

� The attributes and functions of the product or service,

� the value of the product or service, based on price,
availability, reliability, and satisfaction, and finally on

� the benefits received when using the product or ser-
vice.

Traditionally, a product has been seen as a tangible, and
present reality at the sale moment, whereas the service has
been considered as intangible, a future promise of what the
client will receive. This idea established a big difference
between these concepts, and encouraged economists to de-
velop the service sector some years ago.
Nowadays, aproduct is a collection of benefits with a spe-
cific value for customers1. That is, a product offers a higher
or lower number of services. The knowledge component of
the product constitutes the aggregated value. This compo-
nent is the one we must track down, examine, and finally
evaluate to offer high quality products.
In KE in usual to submit long questionnaires to potential
users/customers to gain statistical information aboutwhat
exactly has to be evaluated. Questionnaires are a valuable
tool to pinpoint the knowledge component, and their use is
thus highly recommended.

3.2 Customer Satisfaction and Dissatisfaction

Customer satisfaction is usually measured through surveys
among the users of the product. We should never forget that
the best promoter of a product or service is a satisfied client,
it has a multiplier effect. Heskett [13] found that the cost
to keep a client is only1=5 of recruiting a new one. The
Research Institute of America, concerning the satisfaction
of customers, revealed that:

� 96% of dissatisfied customers never complain about a
product.

� 90% of dissatisfied customers never come back to buy
this product.

� Each one of these dissatisfied customers will tell his
or her experience to at least 9 potential customers.

� Finally, 13% of these new dissatisfied customers will
transmit their knowledge to at least other 10 potential
customers.

1From now on, we will use product in this broader sense.

There are several methods of customer surveys. The sim-
plest ones are direct customer visits, personal face-to-face
interviews, mail questionnaires, customer advisory coun-
cils, telephone follow-ups at a regular time after the pur-
chase, etc. They all are known to give good results.
IBM, Hewlett-Packard and other companies use other more
elaborated methods. IBM, for instance, developed a cus-
tomer satisfaction management process, in which specific
categories called CUPRIMDA (capability, usability, per-
formance, reliability, install-ability, maintainability, doc-
umentation, and availability) are used for monitoring and
measuring for improvement. Hewlett-Packard, on the other
hand, uses the FURPS categories (functionality, usability,
reliability, performance, and service). These attributes al-
low getting indicators of areas of strength and weakness
of the product or service, and of course, focusing on areas
that need improvement. Thenet satisfaction index (NSI)
is also commonly employed by many companies. The NSI
approach facilitates the comparison among different prod-
ucts.

4 Towards a General Evaluation Process

During the development of any KBS, we distinguished sev-
eral phases: requirements specification, an initial model
of the system, knowledge elicitation and acquisition, re-
finements to the initial model, and implementation of the
system. These phases are normally bounded by a KAM,
and thus, there are several proper objects of evaluation,
that must be specified andexternally evaluated. Some of
these objects of evaluation are created at very early stages
of the process and span several phases, e.g. the goals of
the project, drawn at the requirements specification, and
refined and implemented at subsequent steps during the de-
velopment. In this section we sketch a general evaluation
process. Process that we are actively incorporating into the
core ofKAMET [5] (see Section 4.1 below.)
So the question is how can we evaluate the progress of a
KBS? Our evaluation process draws general hints about
what should be measure and how. It should be clear that
giving specific rules that apply to any KBS is impossible
because of the intrinsic knowledge involved. Meeting the
requirements of the KBS in a costly and timely manner is
the final goal, so cost and time estimation tools must be ap-
plied since very early stages of the process. The time esti-
mations are used for mainly two purposes in our evaluation
process:

1. To set hot points during the development in which ex-
ternal review of the progress of the system should be
performed. E.g. if eliciting knowledge from multi-
ple sources was estimated to be a two to three weeks
work, then verifying that the knowledge has been
elicited in three weeks should be in order using suit-
able techniques.



2. Time estimates are also a good tool to check the appli-
cability of the KAM being used. Most modern KAM
produce diagrams or models, from which can be eas-
ily seen the progress of the system (CommonKADS,
and KAMET, for instance, generate UML diagrams
and models). Most spiral like methodologies have this
property since they base their behavior in incremental
refinements of an initial model.

It is important to remark the fact that these periodical
progress reviews should be performed by people not in-
volved in the development process. In this way we get
more reliable (and less biased) progress reports, and project
managers are not distracted from their normal jobs. After
these periodical revisions, typically time and cost estimates
should be adjusted to avoid surprises, and to set more ap-
propriately new revision points.
Safety or mission critical KBS require the use of formal
methods, parts of the system specification must be defined
through the use of a formal specification language to as-
sess correctness, maintainability and integrity of the sys-
tem. Complete formal verification of a KBS might prove to
be a very hard task, would have very high costs, and would
involve a huge amount of mathematical analyses, proofs,
and documentation. So it is usually rigorously verified the
critical part of the system. In any case, the time and cost
to performed such verifications must be considered during
the specification of the project.
The final stage of the KBS development is the implemen-
tation and testing of the KBS itself. Firstly, it should be as-
sured that the system meets the requirements (which should
be straight forward if it met the partial advancements). At
this point, our proper object of evaluation becomes the KBS
itself, and the requirements, the methodology and all the
tools involved in the creation become secondary. The KBS
must be evaluated in a very different context: the market, in
which the customer becomes the final arbiter of the system.
Time and cost estimation tools, eliciting and knowledge
modeling techniques, formal specification languages, val-
idation and verification tools, and software methodologies
are beyond the reach of this paper. Nevertheless, a piece of
advice for project managers is in order: during the devel-
opment of a project take the time to review the components
of as much of them as you can in the light of the project at
hand, this will lead you to take more appropriate decisions.

4.1 Evaluating KBS: TheKAMET Way

The Knowledge Acquisition Methodology,KAMET, has
evolved during the past few years from a full featured
cyclic methodology to a more dynamic, compact, and ver-
satile tool to model complex KBS. The first version of
KAMET [5, 6, 7] included a life cycle model with two main
phases: one to assess the knowledge involved in the project,
and one to model and process that knowledge. Since its

outsetKAMET was designed to manage knowledge acqui-
sition (KA) from multiple knowledge sources (KS), with a
strong mechanism to achieve KA in an incremental fashion,
and in a cooperative environment.

KBS Model

Auxiliary Tools

KAMET’s Life Cycle Road Map

Transportation

Destiny

Layer 1

Layer 2

Layer 3

Figure 1: Abstract layers of theKAMET methodology.

KAMET’s original goal was an ambitious one: To work
for 80% of the applications, and for 80% of the knowl-
edge modeling work. So, several tools to elicit knowledge,
risk reduction strategies in the form of validation and veri-
fication strategies, and time and cost estimation tools were
all included inKAMET. While this providedKAMET with
a unique completeness, it also made it hard for users of
the methodology to clearly identify the logical structure
of the methodology and apply it correctly. To solve this
problem, we have decided to separate the methodology in
several layers, the most important ones are shown in Fig-
ure 2, where we can see three basic layers: The first one
(at the base of the pyramid) represents the general form
of the methodology itself, we often think of it as a road
map for developing a KBS. The second layer constitutes the
means by which the PM can estimate, and assess the risks
involved in the project: time and cost estimation tools, di-
agramming tools, our newly improved model animator for
knowledge representation, metrics and similar evaluation
tools are all included in this layer.KAMET could hardly
work without proper use of these auxiliary tools, this layer
provides the transportation means in aKAMET develop-
ment. Finally, the last layer shown, represents the place
in which our modeling race ends, the final destination in a
KAMET development, and for that matter of every model-
ing methodology: A technical, detailed specification —in
the form of models— of the KBS.

We could think of other layers that appear to be missing
from the figure above: a fourth layer, the implementation of
the KBS, a fifth one, testing the system just developed, etc.,
they all required in order to deliver a functional KBS. Nev-
ertheless, they are obviated here for simplicity, and because
the most error prone, and risky sections of any KBS devel-
opment are comprised in the first three layers shown. Once
we have modeled the knowledge involved in the project,
we have assess system’s feasibility, and have a clear idea
of what exactly we are to program, with accurate time and
cost estimations, and user commitment, the coding of the
system has a very high probability of success.



4.1.1 KAMET’s Life Cycle

Even though we depicted the first three layers ofKAMET
as a pyramid, these layers are not independent of one an-
other. They follow, with proper adjustments, Boehm’s spi-
ral model [3], and ideas taken from KM, software engi-
neering (SE), KE, object oriented development, and years
of experience building KBS, not only usingKAMET, but
several other knowledge engineering methodologies. The
road map highlighted byKAMET, and the use of auxiliary
tools are interleaved through all the life cycle of develop-
ment.

KAMET’s life cycle is a low level description of its four
stages: Strategic planning of the project, construction of
the initial model, development of the feedback model, and
the final model. The life cycle is totally modeled using the
Unified Modeling Language (UML), and scattered through
the description of the stages, pointers to the use of auxiliary
tools are highlighted.KAMET revised mechanism allows
easy incorporation of the output of these auxiliary tools,
and sets revision points (See Figure 2).

1

4

3

2

Revision point

n Stage ‘n’

Figure 2:KAMET schematic life cycle showing scheduled
revision points.

Following closely the sketch of our evaluation process,
KAMET uses time estimation tools, in order to suggests
these evaluation points. External consultants are advised to
review the progress of the system, comparing the state of
the model to what, ideally, we should have at that moment.
The output of these revision is incorporated to the main
modeling stream ofKAMET, and new evaluation points are
scheduled.KAMET’s output include UML diagrams and
KAMET’s own modeling language diagrams. Both kinds
of diagrams can (and should) be check for consistency, the
former using common UML engines, and the later through
theKAMET model animator, a powerful object system that
translatesKAMET’s diagrams into running code that high-
lights any possible knowledge inconsistency found in the
models.

5 Measures, Metrics and Evaluation Meth-
ods

Measurement is far from a commonplace in the KE world,
yet we need to measure to obtain an estimation of future (or
present) product’s quality, to assess the productivity of peo-
ple who will use the product, and to estimate the benefits
derived from its use.
A metric is a measurable indication of some quantitative
aspects of a product, a number you attach to an idea. On
the other hand, the choice of a particular metric depends on
the needs and preferences of developers (or on the company
policies), and on the kind of product being measured. In
any event, a useful metric is:

Measurable: If there is no measurable indication of a phe-
nomenon, then there is no way to apply metrics.

Independent: Metrics should be independent of the con-
scious influence of project personnel.

Accountable: Metrics should be collected in such a way
that we can guarantee integrity. These include at a
minimum the date of observation, identity of observer,
etc.

Precise: Indicators should be explicitly
noted and recorded as part of each collected datum.
Obviously, precision can be indicated with a range of
performance or an explicit tolerance.

The need for quality KE tools and techniques, and appro-
priate metrics and evaluation methods with which to eval-
uate the quality and productivity of our products is urgent.
We emphasize that this is not an ethical concern, our cus-
tomers and clients want to be sure that thesupposed quality
offered by companies is right there in the products.

5.1 Availability, Reliability, and Completeness of
Products

The features often discussed concerning the overall quality
of products are availability, reliability, and completeness.
Several definitions for them exist, here we present the most
appropriate ones for the KE community.

Availability: Products should be available when we want
to use them. Pfleeger [21] indicates that availability is
the probability that products are performing success-
fully according to their specifications at a given point
in time.

Reliability: A product is reliable when its properties or
functions work properly most of the time. Reliabil-
ity cannot be added to a product in the last minute.

While availability reflects conditions at a particular
point of time, reliability expresses conditions over a



long period of time. In fact, reliability is the probabil-
ity that the product will work successfully through a
given period of time.

Sometimes the reliability of a product or service can
be stated in terms of a level of confidence. If we can
estimate the number of errors in a product, we can get
estimate its reliability. Mills [19] developed a tech-
nique, calledseeded errors, to estimate the number
of error in a program. A member of the testing team
seeds errors in a program, and another team’s member
has to work to locate those errors. The idea behind
this technique, is that the radio of seeded errors de-
tected to total seeded errors should be the same as the
radio of non-seeded errors detected to the total number
of non-seeded errors. This idea can be extrapolated to
estimate the number of errors in a product, however it
has to be noticed that the approach is not completely
accurate because it presumes that all errors are of the
same kind of complexity.

Musa and Ackerman [20] suggested that we should
distinguish between errors and failures. They consider
a failure is a behavior deviation caused by executing
an error. They assume that some errors are more se-
vere than others. Software reliability, in their theory,
can be modeled in terms of the user’s viewpoint by
considering the occurrence of failures.

Brettschneider [4] also proposed a very interesting
method calledzero-failure testing. His method, which
is used at Motorola, shows how many hours we must
test our product to meet our reliability goal.

Completeness:The product may be available, reliable,
valid, and yet incomplete. This is a common prob-
lem in the KE world, because of the incompleteness
of knowledge itself. Incompleteness may occur for
different reasons: human experts know the answer for
certain questions but are unable to express them in
a way useful to knowledge engineers, lack of moti-
vation of human experts, feeling that the new prod-
uct or service will replace them, verbal explanations
given by experts will miss things out, etc. Tansley and
Hayball [24], have shown a number of ways in which
knowledge engineers can try to increase the complete-
ness of coverage in a product:

� Feedback: Feeding back the data the expert has
supplied, and asking if there are other points that
should be mentioned can prompt the expert to
supply details that had previously been consid-
ered unimportant.

� Multidimensional techniques: Making use of
multidimensional techniques, which are non-
verbal, can help the knowledge engineer to ac-
cess knowledge that experts cannot verbalize.

� Multi-expert acquisition: Carrying out addi-
tional acquisition sessions with other experts can
increase the coverage of the domain.

5.2 Evaluation Methods as a Risk Mitigation Strategy

Different studies on risk assessment (e.g. Keil [15], and
Cole [8]) have shown that software projects that ran off
course, share one problem: Risks became unmanageable.
Among the top ten risk factors in the creation of KBS can
be counted bad management procedures, the use of inad-
equate methodologies, and knowledge acquisition. As we
have tried to show in this paper, software metrics can effec-
tively be use to rule out certain risks derived from common
errors or shortcomings in the KAM, and tools being used.
A good rule of thumb for inexperienced project managers
is to make a list of all possible objects that might be subject
to analyze, during every phase of the KBS development,
and then systematically apply all the tools and techniques
at hand to measure their viability, and their costs (time es-
timations, resource consumption, etc.). This will help you
avoid surprises, you will know (at least you will have an
estimation) if the team and resources in place are adequate
for developing the KBS. The cost you pay –even though we
prefer to call it investment– is high, apart from the time in-
vested to carefully select the objects to evaluate, the learn-
ing curve to master several different tools like formal speci-
fication languages (for safety of mission critical sections of
the KBS), time and cost estimation tools, software metrics,
KAM, etc. grows in an exponential manner.
Having external consultants reviewing the progress of the
system is crucial, because project managers get the oppor-
tunity to emend their own managerial activities, by getting
different, objective, and (hopefully) less biased opinions
from outsiders about the development process itself. Lets
not forget that bad management is the most common cause
of software project mistakes, representing a loss of millions
of dollars to thousands of companies every year. Keil, re-
garding project managers, points to the imminent danger
if they overestimate their own abilities or fail to realize
their own limitations for that can lead to an underestima-
tion of risks or a failure to develop appropriate risk mit-
igation strategies. Nevertheless, external consultants, and
outsourcing, may impact heavily the budget reserved for
the KBS, and thus, must be planned carefully.

6 General Conclusions

The past decade has seen a massive proliferation of soft-
ware metrics and evaluation techniques, yet the number of
runaway projects keeps representing millions in losses ev-
ery year. In this paper, we make a literature review of a
significant body of work from KE, SE, and KM, regarding
evaluation techniques, and their relations to KBS develop-
ment, and knowledge.



It is not our intention to offer the silver bullet in the creation
of KA evaluation programs; actually it is quite the opposite:
we are highlighting the strengths of several, well known,
techniques. We focus the discussion in broader evalua-
tion issues: the applicability of metrics and evaluation tech-
niques as a risk mitigation strategy, and the thoughtful, and
careful selection of the objects (requirements, knowledge,
KAMs, KE products, KBS products, etc.) that should be
evaluated. We support the idea that something that can be
measure can be improved, and in this context, KBS should
be evaluated from its outset up to its commercialization.
The idea is to avoid suffering a project spiraling out of con-
trol, by systematically measuring its evolution, instead of
attempting to recover control once a key part of the system
turned out to be “harder” than expected.
There is also a consensus concerning the need of quality in
KE products. It is the key by which customers will use and
choose some products instead of others. Applying suitable
metrics correctly, we can minimize the risk of missing the
mark.
We have focused mainly on exposing different approaches
to measure different parts of a product, paying special at-
tention to all the important questions one is faced when
trying to figure out what exactly should we measure, and
last but not least, how should we try to measure it. We
outline most methods, models, and techniques for measure
and evaluate software and knowledge, trying always to take
what has proven to work well on practice, and incorporat-
ing it to the process. Our unified evaluation process, tries to
hint project managers of all the possibilities that should be
consider while developing a KBS. At the same time, this
is an invitation to our community to increase their works
around metrics, specially on the light of risk assessment,
KAMs, and KM.
Our knowledge acquisition methodology,KAMET, is un-
dergoing a set of major modifications, being the inclusion
of the unified evaluation process to the core of the method-
ology one of the biggest and more important ones. This
evaluation process, together with the use of UML, and the
diversification of common KBS development activities in
layers, has keptKAMET outside of the KA market for a
while, nonetheless, we are close to letKAMET hit the road
again, this time having the confidence of delivering a more
mature and solid KAM. Having detailed expectations of
the state of a given system, at important points during its
development process, is one of the key features we want
KAMET to hint to its users. This hot points, may provide
strong guidance to inexperienced project managers as to
where, what, and how to evaluate the progress of a KBS.
Note however, that this mechanism is tightly dependent on
the appropriate use of time/cost estimation auxiliary tools,
which —in the authors opinion— should not be seen as an
extra resource consumption, but as an investment: A risk
mitigation strategy.
We support the idea that we should measure everything,

from the very inception of the project, until users receive
the finished KBS product, and beyond: including a close
follow-up of our product’s behavior. Nonetheless, consid-
erable work remains in adapting our evaluation process to
more complex environments, and to include new evaluation
criteria that has been successfully used in KBS creation.
Clearly, more studies on metrics and evaluation techniques
are called for, specially those embedded in KAMs, and re-
lated to KM.
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