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Software Process Measurement

Félix García-Rubio, Francisco Ruiz-González, and Mario Piattini-Velthuis 

The measurement of software processes plays a vital role in their improvement as it provides the necessary
quantitative basis for the identification of aspects on which to focus improvement programmes. However, the
measurement of software processes is no easy task due to the great diversity of factors and elements involved.
Thus, in order to be able to measure processes effectively and to facilitate improvement focused decision-
taking, we need to identify which entity types we want to measure. We also need to carry out measurement
programmes that, in addition to measuring the relevant entities in isolation, enable the information obtained
from the measurement process to be integrated and related. This article provides a general overview of the
software process measurement, highlighting its importance in improvement focused process management.
The relevant entities that can be measured in relation to the process are also identified and an example is
given of how to measure one of these entity types: process models.

Keywords: Process Measurement, Software Metrics, Soft-
ware Process, Software Process Improvement, Software Proc-
ess Model.

Introduction
The improvement of software processes has become one

of the main aims of companies dedicated to the development
and maintenance of computing systems. The need to improve
processes stems from the fact that the quality of a process is
closely related to the quality of the product, which means that

to in order to get better products you need to have better proc-
esses. If software processes are to meet quality requirements,
they need to deliver the expected results, be correctly defined,
and be improved as required by business needs, which in com-
petitive companies can be highly changeable. These are the ob-
jectives of “Software Process Management” (SPM) [5] which,
in order to be applied effectively, should address four key
responsibilities: to define, measure, control and improve the
process. These responsibilities and the way they relate to one
another are set out in Figure 1.
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According to these responsibilities (which are fundamental
to the successful management of software processes) in order
to improve a process efficiently it is necessary to bear in mind
the following aspects:
• Process definition. This is the first key responsibility that

must be addressed in order to provide effective management
orientated towards process improvement. To do this it is
necessary to model the processes; that is, to represent the
elements of interest involved in those processes. Given the
diversity of elements that need to be taken into account
when considering a software process, the definition of soft-
ware processes is by no means a simple task. Various mod-
elling languages and formalisms, known as “Process Mod-
elling Languages” (PML), can be found in literature on the
subject. The aim of these languages is to represent the vari-
ous interrelated elements in a precise and unambiguous way.
In a software process it is usually possible to identify the
following elements or general concepts (albeit using differ-
ent notations and terms) in the different PMLs [3]: Activity,
Product, Resource, Organization and Role. In order to
provide a common reference for the representation of soft-
ware processes, the OMG consortium (Object Management
Group) has for several years been working on the develop-
ment of the metamodel SPEM (Software Process Engineer-
ing Metamodel) [14], which is a generic language extending
UML (Unified Modelling Language) for the descriptive
modelling of software processes without including aspects
related to their enactment. Currently, SPEM is a specifica-
tion which is expected to produce a process modelling
standard which may be as important and universally accept-
ed by industry as the UML standard is today.

• Process Execution and Control. A company’s software
projects should be carried out in accordance with defined
process models. It is important to be able to be in permanent
control of the execution of these projects (and consequently
in control of the corresponding processes) in order to ensure
that the expected results are achieved.

• Measurement and Improvement. There is a significant
correlation between the measurement and the improvement
of software processes. Prior to improving a process, it is
necessary to carry out an assessment process to identify
which aspects of the process can be improved. To do this we
need to establish an effective framework to help us identify
the most important entities to measure. The results of meas-
uring processes provide non-subjective information ena-
bling the necessary actions for improvement to be planned,
identified and carried out in an efficient manner. 

In this article we aim to look at improvement focused soft-
ware process measurement. The following section describes
the most important entities related to software processes from
a measurement point of view. Section 3 presents a representa-
tive set of metrics for evaluating the structural complexity of
software process models. The final section outlines some
conclusions and looks at some issues yet to be resolved.

Software Process Measurement Entities
One of the main reasons for the growing interest in soft-

ware metrics has been the increasing awareness that metrics are
necessary for process improvement [4]. Before it is possible to
apply improvement plans in an organization we need a quanti-
tative basis enabling us to make an objective determination of
the strengths and weaknesses of its processes. Software metrics
provide the base which enables us to carry out the assessment
process and the subsequent improvements to the processes
evaluated. Consequently, measurement is given considerable
importance in assessment models such as ISO/IEC 15504 [10],
which defines a measurement process, or CMMI (Capability
Maturity Model Integration) [16], which includes a key process
area at maturity level two called “Measurement and Analysis”.
With regard to support for the measurement process, there are
several interesting frameworks, such as GQM (Goal Question
Metric) [1][15] or PSM (Practical Software Measurement)
[12], plus some standards, the most important of which are ISO
15939 [12] and IEEE Std 1061-1992 [9]. The objective of these
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Figure 1: Key Responsibilities of Software Process Management.
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standards and frameworks is to provide the necessary reference
to carry out the measurement process effectively and systemat-
ically, based on the premise that measurement must always be
carried out in pursuit of a series of goals. The different concepts
and terms involved in software process measurement can be
found in “Software Measurement Ontology” [8].

According to the assessment and improvement models ISO
15504, CMM (Capability Maturity Model) and CMMI, when
increasing the maturity level of an organization it is necessary
to establish a quantitative base which, in ascending order of
maturity, should be focused on the process, the projects and the
products (Figure 2). 

Software processes form the base from which the work of an
organization is carried out. In practice these processes are
applied in the form of projects. Products are obtained as the
result of the performance of specific projects. Therefore, in
order to establish a measurement framework within an organi-
zation, the following three dimensions must be taken into
account:
• Process Measurement is based on the study and control of

the capacity of the processes and on the change management
in these processes. Process metrics are extracted by measur-
ing the characteristics of specific software engineering tasks
in order to obtain metrics on faults detected before the deliv-
ery of the software, defects detected and reported by end
users, human effort and time consumed, adjustments made

to the planning, etc. When measuring the process, indicators
referring to the process model itself should also be estab-
lished, as the complexity and quality of the model may affect
the execution, and therefore the quality, of the end product.
However, literature referring to studies performed on proc-
ess metrics have up to now concentrated on the measure-
ment of projects and products. In an attempt to make up for
this omission, the following section describes how to meas-
ure a software process at a conceptual level, while present-
ing a set of software process model metrics, and highlighting
the aspects of the process that can be assessed using these
metrics.

• Measurement of the Project is based on project manage-
ment, which has been a mature research field for several
years now.

• Product Measurement. The main reason for measuring
software products is to evaluate the quality of deliverables.
Much has been written regarding this subject, including
studies, proposals and metrics, some of which are as well
known and established, such as source code lines, function
points, or McCabe’s cyclomatic complexity.

Process Measurement at A Conceptual Level
Since the study of process assessment has focused on the

gathering of data from the project in order to obtain measure-
ments relating to performance, productivity, efficiency etc.,

3
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specific metrics for process models have not been defined. The
definition and validation of metrics for process models will
enable us to study the influence of the structural complexity of
these process models on their maintainability (ease of mainte-
nance or change), bearing in mind that a highly complex proc-
ess model will be more difficult to alter and therefore the ease
with which it can be maintained will be significantly reduced.
This will also influence process improvement which may, in
turn, affect the projects (making them more costly in terms of
resources and time) and the quality of the end products. Briand
et al. [2] set out the principal theoretical basis for the develop-
ment of quantitative models, which relates the attributes of
structural complexity to those of the external quality of soft-
ware artefacts, as shown in Figure 3.

As proposed in Figure 3, maintainability can be estimated
through a set of metrics that measures the structural properties
of the models in question (size, coupling, etc.). The mainte-
nance of software process models involves modifying them
with the aim of improving them, correcting any errors they may
have, adapting them to new necessities, or improving some of
their properties (such as quality). For example, it may be
necessary to correct a process model in which there are activi-
ties that do not receive input or that do not generate output, or
alternatively it may be necessary to improve a model by elimi-
nating unnecessary dependencies among activities. Software
process models that are difficult to maintain may have a nega-
tive effect on the execution of the projects and on the quality of
the end products.

In conclusion, in order to evaluate the maintainability of soft-
ware process models, it is necessary to: 1) define a set of
metrics enabling us to evaluate structural complexity; 2) prove
the usefulness of those metrics by carrying out empirical
studies to ensure that they can be used as indicators of main-
tainability of the models. The following subsections present a
set of metrics for process models and an example of how they
are calculated.

3.1 Metrics for Software Process Models
The following metrics have been defined using SPEM termi-

nology [14], but they can be applied directly with other model-
ling languages since practically the only differences are termi-
nological. The conceptual model of SPEM is based on the idea
that a software development process consists of a collaboration
between abstract and active entities, known as “process roles”,
that carry out operations called “activities” on tangible entities
called “work products”. When process model metrics are estab-
lished two levels of impact are considered:
• Model Level. These metrics are applied to measure the

structural complexity of the process model as a whole. They
are represented in Table 1.

• Fundamental Model Element Level (Activity, Process
Role and Work Product). These metrics are described in
other publications [6].

Figure 4 shows an example of a simplified process model
belonging to the Rational Unified Process (RUP). SPEM does
not have its own graphic notation, but as it is defined as a UML
profile, UML diagrams (class, package, activity, use case, and

sequence) can be used to represent the different views of the
process. The stereotypes used by SPEM (the icons in the figure)
must be added to the UML diagrams.

As can be seen in Figure 4, a software process view can be
represented using UML activity diagrams. This view includes
the different activities, their precedence relationships, the used
or produced work products and the responsible roles. The
values obtained from the metrics defined at process model level
(presented in Table 1) can be consulted in Table 2.

In order to demonstrate the practical usefulness of a metric,
some empirical validation by means of experiments is required.
It has thus been possible to demonstrate the correlation be-
tween the metrics NA, NPT, NDPTin, NDPTout, NDPT,
NDPA, and NCA and the maintainability of the software
processes [7].

Metric Definition

NA(PM) Number of Activities of the software process model

NWP(PM) Number of Work Products of the software process 
model

NPR(PM) Number of Roles which participate in the process

NDWPIn(PM) Number of input dependencies of Work Products with 
the Activities in the process

NDWPOut(PM) Number of output dependencies of Work Products 
with the Activities in the process

NDWP(PM) Number of dependencies between Work Products 
and Activities

NDA(PM) Number of precedence dependencies between 
Activities

NCA(PM) Activity Coupling in the process model. 

RDWPIn(PM) Ratio between input dependencies of Work Products 
with Activities and total number of dependencies of 
Work Products with Activities 

RDWPOut(PM) Ratio between output dependencies of Work 
Products with Activities and total number of 
dependencies of Work Products with Activities 

RWPA(PM) Ratio of Work Products and Activities. Average of 
the work products and the activities of the process 
model.

RRPA(PM) Ratio between Process Roles and Activities 

NDWP (PM) NDWPIn (MP) NDWPOut (MP)+=

NCA(PM) NA(PM)
NDA(PM)
---------------------=

RDWPIn (PM) NDWPIn (PM)
NDWP(PM)

-------------------------------=

RDWPOut (PM) NDWPOut (PM)
NDWP (PM)

-----------------------------------=

RWPA (PM) NWP (PM)
NA (PM)

-----------------------=

RRPA (PM) NPR (PM)
NA (PM)

----------------------=

Table 1: Software Process Model Metrics. 
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Conclusions and Challenges for The Future
This article presents a general overview of the measure-

ment of software processes, a basic view of the management of
these processes which can be used to establish the quantitative
base required for their improvement.

Traditionally, software process measurement has focused on
the measurement of projects and products, but as a result of the
increasing interest shown by software companies in the institu-
tionalizing, modelling and improvement of their processes,
software process models have become an important entity to be
taken into consideration. In this article we present a represent-
ative set of metrics for the evaluation of the maintainability of
software process models. These metrics are useful for predict-
ing the maintainability of process models and provide useful
indicators for companies implementing process improvement
programmes. An important future line of research in this area
is the development of empirical studies to establish relation-
ships between the maintainability of process models and the

results obtained from their enactment in the form of software
projects. Finally, by means of the integrated measurement of
software process related entities, we can obtain the required
quantitative basis from which the correlation existing between
process and product can be objectively evaluated.

These software process modelling and measurement issues
will be dealt with more efficiently in the years to come thanks
to the convergence of software process technology with two
recent technologies: “Workflows” and “Web Services”.

“Workflow Management Systems” [17] provide support to
modelling, enactment and management of business processes.
Therefore, as some authors have suggested [13] they can be a
useful tool for software engineers to manage and implement
their development and maintenance processes. In this regard,
the new standards for representing processes by means of
workflows are very interesting. The best example of these is the
“Workflow Process Definition Interface – XML Process Defi-
nition Language (XPDL)” [18].

4
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NA NWP NPR NDWPIn NDWPOut NDWP NDA NCA RDWPIn RDWPOut RWPA RRPA

5 8 4 13 6 19 4 1,25 0,68 0,32 1,6 0,8

Table 2: Values of Metrics for The Example in Figure 4.
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The issue of process modelling in the area of Web Services
technology has also been the subject of some study. It would be
true to say that the design of an application based on invoking
a collection of web services is very similar to the design of the
business process model that the application supports. As a
result, the web services community has also developed stand-
ards and languages for process modelling: “Business Process
Modelling Language” (BPML), “Business Process Specifica-
tion Schema” (BPSS), “Business Process Execution Language
for Web Services” (BPEL4WS), and “Web Service Choreogra-
phy Interface” (WSCI) are some of the most important. In this
regard, readers may find of interest the October 2003 issues of
Communications of ACM (dedicated to services oriented
computing) and IEEE Computer (dedicated to software as a
service).

The convergence and integration of these technologies will
provide new ways for the software engineers to perform their
work, particularly regarding aspects related to process manage-
ment and improvement. We should therefore expect software
process models used for the development and maintenance of
software to be designed and managed via a Workflow Manage-
ment System, which in order to carry out certain automatic and
semi automatic activities, will call on Web services that will act
as both CASE tools (for example, a compilation service or
unitary tests) and as support for management and organization-
al activities. All this foreseeable development in future years
will mean that software engineers will not only have to pay
special attention to what they produce (the product) but also to
how they make it (the process). And, good engineers as they
are, they will have to measure both the product and the process.
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