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Abstract

Up until recently software 'metrics have been most
often proposed as the quantitative tools of choice in
software engineering, and the analysis of these had
been most often discussed from the perspective referred
to as ‘measurement theory’. However, in other
disciplines, it is the domain of knowledge referred to as
‘metrology’ that is the foundation for the devel opment
and use of measurement instruments and measurement
processes.

The |IEEE-Computer Society, with the support of a
consortium of industrial sponsors, has recently
published a Guide to the Software Engineering Body of
Knowledge (SWEBOK) and, throughout this Guide,
measurement is pervasive as a fundamental engineering
tool. In this paper, we use our initial modelling of the
sets of measurement concepts documented in the 1SO
International Vocabulary of Basic and General Terms
in Metrology to investigate and position the
measurement concepts within this body of knowledge,
and to identify gaps where further research on software
measurement is required.

1. Introduction

The IEEE Computer Society defines software
engineering as

“(1) The application of a systematic, disciplined,
quantifiable approach to the development, operation,
and maintenance of software; that is, the application of
engineering to software.

(2) The study of approachesasin (1)” [14].

In spite of the millions of software professionals
worldwide and the ubiquitous presence of software in
our society, software engineering has not yet reached
the status of a legitimate engineering discipline and a
recognized profession.

In software engineering, the 'software metrics
approach has been up until fairly recently the dominant
approach to measurement in this new engineering
discipline. Over recent decades, hundreds of 'software
metrics have been proposed by researchers and
practitioners alike, in both theoretical and empirical
studies, for measuring software products and software
processes [1, 813, 25]. Most of these metrics have
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been designed based either on the intuition of the
researchers or on an empirical basis, or both. In their
analysis of some of these metrics, researchers have
most often used the concepts of 'measurement theory'
as the foundation for their analytical investigation.
However, while relevant, 'measurement theory' deals
with only a subset of the classical set of concepts of
measurement; 'software metrics researchers, by
focusing solely on 'measurement theory', have
investigated mainly the representation conditions, the
mathematical properties of the manipulation of
numbers and the proper conditions for such
manipulations [11, 13, 25]. Our survey of the literature
on software metrics has not, however, come up with
references to the classical concepts of metrology in
these investigations into the quality of the metrics
proposed to the software engineering community. Only
recently has some of the metrology related concepts
been introduced in the 1SO software engineering
standards community [16-19]; it is to be noted also the
selection of the 1SO vocabulary on metrology [15] as
the basis for measurement terminology for all future
I SO standards on software measurement.

Each profession is based on a body of knowledge
and recommended practices, athough they are not
aways defined in a precise manner. In many cases
these are formally documented, usualy in a form that
permits them to be used for such purposes as
accreditation of academic programs, development of
education and training programs, certification of
specialists, or professional licensing. Generadly a
professional society or related body maintains custody
of such a formal definition. In cases where no such
formality is used, the body of knowledge and
recommended practices are “generally recognized” by
practitioners and may be codified in a variety of ways
for different uses.

For software engineering to be known as a
legitimate engineering discipline and a recognized
profession, consensus on a core body of knowledge is
imperative. This is well illustrated by Starr [22] when
he defines what can be considered a legitimate
discipline and a recognized profession. In his Pulitzer
prize-winning book on the history of the medical
profession in the USA, he states that: "the
legitimization of professional authority involves three
distinctive claims. first, that the knowledge and



competence of the professional have been validated by
a community of his or her peers; second, that this
consensually validated knowledge rests on rational,
scientific grounds; and third, that the professional’s
judgment and advice are oriented toward a set of
substantive values, such as health".

Up until recently, there were no such generally
accepted body of knowledge in this new field of
software engineering. The IEEE-Computer Society
therefore initiated in the 1990's various tasks forces to
tackle this issue, including the SWEBOK (Software
Engineering Body of Knowledge) project’ [5] to
develop an international consensus on a compendium
and guide to the body of knowledge that has been
developing and evolving over the past four decades.
Furthermore, it is to be noted that this body of
knowledge is not static ¥ the Guide must, necessarily,
develop and evolve as software engineering matures.
Nevertheless, the Guide is a valuable element of the
software engineering infrastructure.

Articulating a Body of Knowledge, and gaining a
large consensus on it, is an essential step toward
developing a profession because it represents a broad
consensts regarding what a software engineering
professional should know. Without such a consensus,
no licensing examination can be validated, no
curricullum can prepare an individual for an
examination, and no criteria can be formulated for
accrediting a curriculum.

But, is software measurement itself a mature tool
set within this domain, and what are the analytical tools
available to investigate this research topic?

This paper presents in Section 2 an overview of the
SWEBOK Guide and, in Section 3, the rationale for
including measurement within this Guide. Then two
sets of analytical tools available are identified to
investigate the state of the art of measurement in
software engineering: metrology in Section 4, on the
basis of the ISO International Vocabulary in Metrology
and, in Section 5, a Measurement Process Model.

Then in Section 6 both our initial modeling [3] of
the sets of measurement concepts documented in the
ISO International Vocabulary of Basic and General
Terms in Metrology and our measurement process
model [2] are used to survey, and position, the
measurementrelated statements in the SWEBOK
Guide. Metrology-related work in progress at 1SO on
functional size methods is presented in Section 7 and
some concluding observations are presented in Section
8.

2. SWEBOK

! The sweBoK project has received support from the following
organizations: Boeing, Raytheon, MITRE Corporation, National
Institute of Standards & Technology (USA), Construx Software,
Rational Software, SAP Lab. Canada, NRC, and Canadian Council of
Professional Engineers.

The SWEBOK Guide [5] is subdivided into ten
Knowledge Areas (KA), and the descriptions of the KA
are designed to discriminate among the various
important concepts, permitting readers to find their way
quickly to subjects of interest. Upon finding a subject,
readers are referred to key papers or book chapters
selected because they present the knowledge
succinctly.

Additionally, the KA descriptions of software
engineering are also forward-looking—considering not
only what is generally accepted today, but also what
could be generally accepted in threeto five years.

The Guide to the Software Engineering Body of
Knowledge (SWEBOK) was established with the
following five objectives:

1. Promote a consistent view of software

engineering worldwide.

2. Clarify the place and set the boundary of software
engineering with respect to other disciplines, such
as computer science, project management,
computer engineering and mathematics.

3. Characterize the contents of the software

engineering discipline.
4. Provide a topica access to the Software
Engineering Body of Knowledge.

5. Provide a foundation for curriculum development
and individual certification and licensing material.

The first of these objectives, a consistent worldwide
view of software engineering, was supported by a
development process that has engaged approximately
500 reviewers from 41 countries®.

The second of the objectives, the desire to set a
boundary, motivates the fundamental organization of
the Guide. The material that is recognized as being
within software engineering is organized into the ten
KA listed in Table 1. Each of them is treated as a
chapter in this Guide.

Table 1: The SWEBOK knowledge areas (KA)

Software requirements

Software design

Software construction

Software testing

Software maintenance

Software configuration management
Software engineering management
Software engineering process

Software engineering tools and methods
Software quality

2 Moreinformation regarding the development process can be found
in the Preface to Guide to SWEBOK and on www.swebok.org



The organization of the KA descriptions or
chapters, shown in Figure 1, supports the third of the
project’s objectives—a characterization of the contents
of softwareengineering.

The Guide uses a hierarchical organization to
decompose each KA into a set of topics with
recognizable labels. A two- or threelevel breakdown
provides a reasonable way to find topics of interest.
The Guide treats the selected topics in a manner
compatible with major schools of thought and with
breakdowns generally found in industry and in software
engineering literature and standards. The breakdowns
of topics do not presuppose particular application
domains, business uses, management philosophies,
development methods, and so forth. The extent of each
topic description is only what is needed to understand
the generally accepted nature of the topics and for the
reader to successfully find reference material. After all,
the Body of Knowledge is found in the reference
materials, not in the Guide itself.
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Figure 1: The organization of a Knowledge Area
(KA) description

3. Measurement within SWEBOK

The topic of measurement within SWEBOK was
one of the editorial criteria for the initial write-up. The
KA editors were expected to adopt the position that,
even though the quality and measurement ‘themes' are
common across all Knowledge Areas, they are also an
integral part of all KA and therefore had to be
incorporated into the proposed breakdown of topics in
each KA. Since the acceptance criterion for inclusion in
Guide to the SWEBOK was 'generally accepted', it is
important to ask what did in fact gain an approval on a
consensual basis with respect to measurement, and
what can be learned from this consensus, or the lack of

it. It is worth reminding that the 'generally accepted'
definition adopted in SWEBOK originates from the
Project Management Institute (PMI), that is. 'applies to
most of the projects, most of the time, and widespread
consensus validatesits value and effectiveness.

Another tool used for the development of
SWEBOK, from an engineering viewpoint, is the
Vincenti [24] classification of engineering knowledge.
Vincenti, on the basis of hisanalysis of the evolution of
aerospace engineering knowledge, identified different
types of engineering knowledge, and classified them
into six categories, including of course quantitative
data as a category of engineering knowledge. Table 2
presents on the left-hand side, the six categories of
engineering knowledge and, in the next three columns,
related sub-concepts we identified subseguently for
classification purposes in specific engineering
disciplines.

Vincenti postulated that this classification was not
specific to aerospace engineering, but more generic and
applicable to engineering in the broad sense. It had
been suggested to t he KA Specialists that they use this
classification for their initial draft of each KA; this
was, of course, a challenging assignment: the domain
was not mature enough and the classification could not
be directly implemented in most of the KA taxonomy
and description®.

This classification of Vincenti's is, however, very
useful from an analytical perspective to understand the
depth of coverage of some engineering topics within
each of the KA. For instance, in a 2001 fall session
seminar with a group of graduate students in software
engineering, it was observed that, while the term
'measurement’ was present throughout all the KA (by
design, that is, it was a required editoria criterion),
neither the KA editors nor the set of reviewers had
pointed to key references providing generally accepted
guantitative data for any of the topics identified in each
KA. To be noted that in engineering 'quantitative data
does not mean ‘raw data, but rather descriptive or
prescriptive data derived usually from controlled
experiments using widely recognized measurement
concepts,  verified measurement  instruments,
documented measurement protocols, and extensive
testing and replication procedures to ensure both
verification of data inputs and an in-depth
understanding of the phenomena under study to
identify both the range of operations, and limitations.

In summary, in no KA, is there any significant
reference to highly credible and documented data
numbers and relevant repositories of quantitative
references. This means for ingance, that while there is

3 software bei ng inherently different from other physical artifacts,
there was no attempt to applying general engineering principles to
software.  The interest was rather in mapping the software
engineering knowledge to the categories of engineering knowledge
type.



in the software engineering management literature a
very large number of papers on estimation, the raw data
sets available for study often lack engineering rigor in
the data collection procedures, on the one hand, and
analytical results have usually both poor explanatory
powers and significant limitations in generalization
powers, on the other hand.

As another illustration, in both versions of the
COCOMO model [6, 7], alarge number of parameters
are described by linguistic values and their influence
determined by experts opinions rather than on the basis
of information from descriptive and prescriptive
engineering repositories; of course significant effort is
currently being invested by the models builders to build
engineering strength into such models.

Similarly, even after twenty years of data collection
and research, the function points community is still
struggling to come up with 'a posteriori' models with
error ranges of less than 25% for 75% of the data in the
available samples (typically in engineering, error
ranges are expected to be much less than 25%).

Similarly, an analysis of the analytical research
methods usal for al the references in some chapters,
such as Construction, indicated that the vast majority of
the statements were based on ‘assertions and ‘expert
judgments' rather then on the basis on experimental
methods, quantitative data and rigorously documented
experiments which could be replicated [23].

The next two sections present two other sets of
analytical tools to analyze the measurement coverage

within SWEBOK.

Table 2: Classification of Engineering Knowledge, and related sub-concepts

Category [24] Related sub-concepts
Fundamental Operational principles Normal configuration— Vincenti: 'to be learned
Principles How its characteristic common arrangement of the deliberately and forms an
parts fulfill their special constituent parts essential part of the'design’
functions in combining to knowledge
an overall operation which
achieves the purpose
Criteria & Specific requirements (of To translate general, Key knowledge: selection of

Specifications

operational principles)
Limits (across an entire
technology)

qualitative goals couched
in concrete technical
terms

Note: the'...ilities

the appropriate set of criteria

Theoretical Concepts about 'design’ Mathematical methods & | Methods of value are micro-
Tools Intellectual toolsfor theories for design methods, closely tailored to
thinking about 'design’ calculations the tasks of developing
Models (combinationsof | particular well understood
measures/parameters) parts of particular well
understood products

Quantitative Represented in tables and Obtained empirically or Descriptive or Prescriptive

Data graphs calculated theoretically

Practical - Theory often not - Structured procedures Ad-hoc assumptions about

Considerations

sufficient —considerations
from experience and
practice

Trade-off which are
results of general
knowledge about the
device, its use and context

Practically derived
knowledge |earned from
on-the-job experience
From an expert's skills set

aphenomenon

Not formally codified but
represented by Rules of
thumb

Design
Instrumentalities

Knowing How — ways of
thinking
Procedural Knowledge

Can seek solutions where
some element of novelty is
required

Judgmental Skills
Knowledge on how to
carry out tasks
Repeatable and
documented




4. Metrology

In engineering as well as in other fields such as
business administration and a significant number of the
social sciences, measurement is one of a number of
analytical tools. Measurement in these other sciences
is based on a large body of knowledge; such a body of
knowledge, built up over centuries and millennia, is
commonly referred to as the field of 'metrology’. This
domain is supported by government metrology
agencies, which are to be found in most industrially
advanced countries.

The 1SO document that represents the official
international and legal consensus is the 1SO vocabulary
of basic and general terms used in metrology [15].
While this key 1SO document is widely known in the
field of metrology, it is amost unknown in the
‘software metrics community.

This 1SO Vocabulary follows some of the concepts
of the traditional presentation of vocabularies, with 120
terms described individualy in textual descriptions.
However, this mode of representation is challenging in
terms of assembling the full set of interrelated terms; to
improve the presentation and the understanding of this
complex set of interrelated concepts, we presented in
[3] an initial set of models for the various levels of
metrology concepts within the 1ISO Vocabulary.

The highdevel model of the set d categories of
terms is presented in Figure 2. This model, together
with some sub-models presented later on, corresponds
to our current understanding of the topology integrated
into the vocabulary of this specialized area of the body
of knowledge relating to metrology. To represent the
relationships across the terms, the classica
representation of a production process was selected:
e.g. input, output and control variables, as well as the
process itself inside the box. In Figure 2, the output is
represented by the 'measurement results and the
process itself by the 'measurement' in the sense of
measurement operations, while the control variables are
the "étalons” (official yardsticks) and the 'quantities and
units. This set of concepts represents the 'measuring
instrument'. It is to be noted that the measurement
operations, and, of course, the measurement results, are
influenced by the ‘characteristics' of the measuring
instruments.

In the Vocabulary, the term 'measurements’ used as
a single term corresponds to the 'set of operations' used
for measuring. Also, in all figures and tables in this
paper, a term taken directly from the 1SO Vocabulary
will appear in roman type, while terms representing

4 Etdon: for instance, an internationally recognized material
yardstick:  the physical 'meter' etalon in length measurement
recognized as the official 'éalon’ for the meter. Etalons are also
refined over time: for instance, the official definition of the meter has
changed in 1983: it was then defined asthe distance performed by the
light, in an empty medium, in 1/299 792 458 second.

concepts not specifically listed will appear in italics;
for instance, in Figure 2, we have added the term
'Input’, which is not included in any of the six
categories of the 1ISO Vocabulary. Models of each of
these six categories of metrology terms are presented in
(3]

Measuring instruments

Measurement

Measurements > Results

T 1

Quantities Etalons  Characteristics
and units of measuring
instruments

Input ——»]

Figure 2: Model of the categories of metrology
terms [3]

The term 'metrology’ includes all aspects of
measurement (theoretical and practical), collectively
referred to in the metrology literature as the science of
measurement (Figure 3). Metrology encompasses the
‘principles  of measurement’, which represent the
scientific basis for measurement. From the principles of
measurement, the 'method of measurement' in the
general sense is then instantiated by a measurement as
a set of operations. Figure 3 depicts this hierarchy of
concepts.

| Metrology | Science of Measurement

Principles of Measurement

| Method of Measurement | Logical Sequence of Operations

| Measurement

Scientific Basis of a Measurement

| Set of Operations

Figure 3: Measurement foundations [3]

The detailed topology of the measurement process
is instantiated next in a 'measurement procedure
(Figure 4), again as a process model having the
'measurand' as its inputs, control variables and an
output representing the ‘measurement results’.

To carry out a measurement exercise, an operator
should design and follow a measurement procedure’
which consists of a set of operations, specificaly
described, for the performance of a particular
measurement according to a given measurement
method. The instantiation of a measurement procedure
handles a 'measurement signal' and produces a
transformed value, which represents a given
measurand. The results of the measurement can be
influenced by an ‘influence quantity’ during the
measurement process: for example, the temperature of
amicrometer during the measurement of the length of a
particular object.



Measurement Procedure

Measurement Transformed Measurement
Measurand- Signal Value ig Results
Operator j Measurement  Influence
Method Quantity

Figure 4: Measurement Procedure [3]

The category 'measurement results' is presented
next in the form of a structured table according to the
types of measurement results, the modes of verification
of the measurement results and information about the
uncertainty of measurement — Table 3. Again, this
structure is our own.

Table 3: Classification of terms in the category of
'Measurement Results' [3]

Types of Modes of Uncertainty of
measurement | verification of measur ement
results measurement
results
Indication (of a | Accuracy of Experimental
measuring measurement standard
instrument) Repeatability deviation
Uncorrected (of results of Error (of
result measurements) | measurement)
Corrected result | Reproducibility | Deviation
(of results of .
measurements) Relative error

Random error
Systematic error
Correction

Correction factor

5. A measurement process model

In their work as ISO editors for the Guide to the
Verification of Functional Size Measurement Methods
(ISO 14143-3) [17], Abran and Jacquet studied the
various software engineering authors dealing with
'metrics validation' [2, 20, 21]. Significant variations
were found in the authors' approaches as well as the use
of similar terms by these authors, but with very
significant differencesin the related concepts.

To clarify the confusion due to the inconsistent
terminology used by these authors, a broader
measurement process model was proposed (Figure 5)
identifying 4 distinct steps, from the design of a
measurement method to the exploitation of the
measurement results [2]. Then, the approaches of te
various authors, as well as the validation concepts that
were being addressed differently by these authors, were
sorted out depending on whether or not they were
addressing validation issues related to Steps 1 to 4 of
the process model in Figure 5.

Step 1 Step 2 Step 3 Step 4
Design of the Application of Exploitation of
:||> :||> Measurement
measurement measurement results analysis $ measurement
method method rules 4 results

Figure 5: Measurement Process —High-level Model
[2, 20, 21]

It is to be noted that very few of the measurement
concepts present in the 1SO Vocabulary on Metrology
address the first step (design of a measurement method)
and none address the last step (exploitation of the
measurements results) of Figure 5.

Thisisillustrated in Table 4, which depicts a partial
mapping between Figures 2 and 5: for instance, in [2,
20], for the design of a measurement method, the
Abran and Jacquet model includes more concepts than
simply 'quantities and units'.

Table 4: Alignment of metrology concepts with the measurement process model

M easur ement process Step 1 Step 2 Step 3 Step 4
model Design of Measurement Application of M easurement results Exploitation of
[2, 20, 21] Methods measurement method rules anaysis measurement results
SO metrology model Quantities and units Measuring instruments Measurement
[3, 19] - results
Characteristics of
measuring instruments




6. Measurement steps and metrology
concepts within SWEBOK

Using both the 1SO set of metrology concepts
model [3, 4] and the measurement process model [2,
20, 21], we can analyze the current status of the field of
software measurements as documented in the
SWEBOK Guide.

The results of the analysis of the presence of
metrology concepts within each KA are presented in
Table 5. Using a detailed inventory of the
measurement-related statements appearing in the ten
SWEBOK chapters, these statements were analyzed in
terms of measurement concepts, and then mapped into
both the set of metrology concepts presented in Section
4 and to the measurement process model presented in
Section 5.

Table 5 lists, for each of the ten chapters of
SWEBOK, which  metrology concepts and
measurement  steps  are addressed whenever a
measurement-related  statement appears in  the
SWEBOK Guide [4]. From Table 5, it can be observed
that a large majority of the measurement-related
concepts mentioned in SWEBOK are listed in the
category of concepts related to the exploitation of the
measurement results. Very few SWEBOK statements
directly address the measuring instrument or the quality
of the direct measurement results (prior to their use in
guantitative analytical models (assessment models or
predictive models)). And only one measurement related
statement in the Software Quality chapter addresses a
single aspect of the design of measurement instrument,
and only through a subset of the metrology concepts of
guantities and units.

Table 5: Measurement steps and metrology category of concepts within SWEBOK [4]

Step 1 Step 2 Step 3 Step 4
M eawrsttar;)?t Design of Application of M easurement Exploitation
SWEBOK measurement | measurement method | results analysis | of measurement
methods rules (Measuring results
Knowledge Area Topics (Q“T;'it;g)‘and instruments)
Software Process support and management X
engineering Requirements negotiation X
requirements | Document quality X
Acceptance tests X
Reguirements tracing X
Software Measures X
engineering
design
Software Evaluation of the program under X
engineering test
testing Evaluation of the tests performed X
Software Software Maintenance x
engineering Measurement
maintenance
Software Surveillance of software x
configuration | configuration management
management
Software Gods X
engineering Measurement Selection X
management | Measuring Software and its x
Development
Collection of data X
Software M easurement Models X
Software Methodology in process X
engineering measurement
process Process M easurement Paradigms X
Software Measuring the value of quality X
engineering Fundamental s of M easurement X
quality Measures x
Measurement analysis X
techniques
Defect characterization x
Additional Uses of SQA and X
V&V data




This highlights the fact that, even though the use of
measurement results is quoted in most KA, both the
KA editors and the extensive number of reviewers have
not been able to come up and agreed on the availability
of knowledge on measurement concepts which met the
SWEBOK and PMI criteria of generally accepted, that
is of 'applies to most of the projects, most of the time,
and widespread consensus validates its value and
effectiveness. This does not mean that such other
types of measurement knowledge do not exist in the
literature, but rather that there is not yet a wide
consensus on their value and effectiveness and their
generalization power outside of the initial context of
operations. It also points out to a significant lack
software measurement methods with enough strengths
as measurement instruments and meeting the metrology
criteria for quality (of measuring instruments). Table 5
also points out to a lack of widely recognized and
validated quantitative data to support yet the quality
expected from an engineering viewpoint for the
software engineering topics described.

This, of course, corresponds to a lack of recognized
references to other measurement concepts from the
recognized body of knowledge on metrology. Thisisa
clear indication that, when looked a from an
engineering perspective, measurement in software
engineering is far from being mature and that it
constitutes a fairly weak engineering foundation for the
field of software engineering.

7. Functional size measurement methods
and metrology

In the SO software engineering community, there
is on the other hand work in progress to investigate and
apply the metrology concepts to software measurement
standards, including within specific measurement
methods. The first type of measurement methods
tackled at the 1SO level were the functiona size
methods which are referred to in a few of the ten
SWEBOK KA, indicating some international
consensus on the usefulness of such a measurement
concept. It is to be noted that, at the time the
SWEBOK was published, only the 1ISO meta-standard
on functional size measurement, SO 14143-1 [16],
dealt with some of the design issues of measurement
methods, and was referenced in the SWEBOK
chapters. Other related 1SO 14143 meta-standards
have since progressed significantly and are expected to
be published in 2003:

1. Pat 2 of 14143: deding with conformity
assessment of the design of proposed functional
size methods.

2. Part 3 of 1SO 14143: dealing with the verification
criteria of a functional size method to assist
measurements usersin selecting the methods most
appropriate to their needs.

3 Part 4 of 1SO 14143: providing a large set of
functional user requirements against which
candidate measurement methods can be tested.

4.  Part 5 of 1SO 14143: providing users with the
information for analyzing which measurement
method is most appropriate to the functional
domain of the software to be measured.

In addition, four specific methods have received
final 1SO approval and are currently at various stages
of publication, that is: IFPUG, NESMA, MKIIl ad
COSMIC [19], a second generation functional size
measuremment method. Many of the metrology related
concepts have already been integrated into the design
of the COSMIC method (1SO 19761), with particular
attention paid to the characterization of the concept
being measured, to the selected meta-model of the
functionality, and to the units and quantities in the
definition of the numerical assignment rules.

8. Concluding observations

While 'software metrics' are most often proposed as
the measurement tools of choice in empirical studiesin
software engineering, thisfield of 'software metrics' has
most often been discussed from the perspective referred
to as ‘'measurement theory'. However, in other
disciplines, it is the domain of knowledge referred to as
'metrology’ that is the foundation for the development
and use of measurement instruments and measurement
processes.

Measurement is recognized as a key element of
engineering and, because of design criteriain the Guide
to SWEBOK, it is pervasive in the Guide. But, is
measurement aready a mature tool set within this
domain, and what were the analytical tools available to
investigate thisresearch topic?

In this paper, we have first identified three sets of
analytical tools to investigate the state of the art of
measurement in software engineering:

Vincenti's classification of engineering knowledge
[24]

ISO International Vocabulary of Basic and General
Termsin Metrology [15]

Measurement Process Model (Abran & Jacquet,
1999[2])

We then next used both our initial modeling of the
sets of measurement concepts documented in the 1SO
International Vocabulary of Basic and General Terms
in Metrology and our measurement process model to
survey, and position, the measurement-related
statements in the Guide to the Software Engineering
Body of Knowledge.

This has revealed that, even though measurement-
related statements appear throughout the SWEBOK
document, they overwhelmingly concern the use of



measurement results in assessment and predictive
models. By contrast, there is in the document very little
widely recognized validated knowledge from an
engineering perspective, little on the quality of the
quantitative inputs to these models, and almost nothing
on supporting measuring instruments necessary to
obtain these inputs.

Similarly, in the software engineering literature,
even though there is a large number of 'metrics
proposed, thereis still very little discussion on the topic
of measuring instruments so overwhelmingly present in
the traditional engineering disciplines.

This aso illustrates that most of the metrology
concepts, and sub-concepts, have not yet been
discussed or addressed to a significant extent in the
'software metrics literature. In the context where
measuring instruments are necessary key elements of
empirical studies, this points to a potentially significant
weakness in current empirical studies in software
engineering, while at the same time providing an
indication of where metrology-related improvementsin
software measurement could contribute significantly to
strengthening future empirical studies in software
engineering.

Thisanalysis based on various analytical techniques
such as the Vincenti's classification and the metrology
perspective suggests that the field of software
measurement has not yet been fully addressed by
current research, and that much work remains to be
done to support software engineering as an engineering
discipline based on quantitative data and adeguate
measurement methods meeting the classic set of criteria
for measuring instruments as described by the
metrology body of knowledge in large use in the
engineering disciplines.

Further work is in progress aimed at a more in-
depth study of each measurement-related statement in
all SWEBOK chapters, which also includes an analysis
of the seminal references quoted in each chapter
dealing with measurement-rel ated concepts.
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