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ABSTRACT
This survey provides an overview of the current research into what
determines the success and failure of software metrics programs. We surveyed
a selection of the literature, and using a comprehensive framework,
analyzed the papers to understand the important factors for implementing
a successful metrics program. We determined that the research on
implementation of metrics programs is conducted largely by practitioners
and generally does not use formalized research methods. The focus is
primarily on immediate program implementation and data collection,
and much less on the program purpose and the resulting improvements.
We conclude that practitioners should consider factors outside of the
immediate metrics program implementation, and that academia should
conduct more empirical studies of metrics programs using more rigorous
research methods.

1 INTRODUCTION: METRICS IN SOFTWARE
DEVELOPMENT

Whereas most companies in the software industry recognize the
need to measure performance, they find it difficult to implement an
effective metrics program to reliably measure their software develop-
ment effort.

This has given rise to software metrics, which measures the perfor-
mance of a software developing organization. Research into software
metrics has followed two directions: 1) defining how to measure differ-
ent aspects of the software development effort, e.g., the use of object
technology; and 2) implementing a metrics program in an organization.
Both have seen many publications address the problems in software
metrics (Zuse, 1995). Most of the academic focus has been on defining
the metrics themselves, whereas most of the practitioner focus has been
on implementation in an organization. A symptom of this disparity is
that the metrics that are in most widespread use today were defined in
the 1970s (Fenton and Neil, 1999).

There also is research into the process of implementing metrics in
software in organizations. In the academic community, the general con-
sensus is that currently, the knowledge of how to define and implement
metrics is fairly well developed (Fenton and Neil, 1999). However, it is
widely recognized that, for most organizations, implementing a metrics
program is difficult, complex, and likely to fail. Recently, a great deal of
research has been on factors that cause metrics programs to either
succeed or fail (Berry and Jeffery, 2000; Jones, 2001; Iversen and Kautz,
2000; Iversen and Mathiassen, 2000; Philips, 1999; Starrett, 1998;
Herbsleb and Grinter, 1998; Hall and Fenton, 1997; Dekkers, 1999).
Since there is significant overlap among these factors, but also some
contradiction, it is impossible for an organization in a specific situation
to use them to implement a metrics program.

This research provides an overview of the current research into
implementation of software metrics programs. Section 2 presents the

method to select the papers that became our data material, section 3
discusses the framework, section 4 presents the results, and section 5
provides directions for practitioners and researchers.

2 METHOD: SELECTION OF PAPERS
The basis for this research is a selection of papers published in

eight important software engineering journals in the period 1990-2002
(to the extent that the journals were published at the time). The follow-
ing journals and papers were included in the final dataset:
• IEEE Software: (Ross, 1990; Pfleeger, 1993; Hall and Fenton, 1997;

Offen and Jeffery, 1997; Van Latum et al., 1998; Kautz, 1999; Grable
et al., 1999; Rifkin, 2001)

• Cutter IT Journal/American Programmer: (Statz, 1999; Dekkers,
1999; Philips, 1999; Mah and Putnam, 1997; Austin, 1997)

• Software Process - Improvement and Practice: (Briand et al.,
1996; Wieczorek, 1997; Holt, 1997)

• Journal of Systems and SW: (Nusendorf and Bunde, 1993; Ebert,
1999; Seddio, 1993)

• Computer: (Stark et al., 1994)
• IEEE Transaction on Software Engineering: (Daskalantonakis,

1992)
• Software Engineering Journal: No relevant papers in the period
• Communications of the ACM: No relevant papers in the period

We were interested in papers about successful implementation and
operation of metrics programs in software-developing organizations.
The criterion to decide whether a paper was inside the scope of this
study was whether the authors provided insight into what it would take
to implement or operate a successful metrics program. Papers that
described cases of metrics programs and provided lessons on this basis
were particularly interesting. Outside the scope of this survey were pa-
pers whose primary objective was to introduce one or more specific
metrics (e.g., a new way of measuring program complexity), and papers
that reported on the specific measurement results of a metrics program
(e.g. the effectiveness of using function points for estimation purposes).

We looked through the tables of contents of all issues of the eight
journals in the period, and made a first selection based on title. If the
title indicated that the paper was related to metrics, the abstract was
considered, and if the paper was within the scope of interest as described
above, it was included in the dataset. Some papers were excluded after
reading their text. The final data set included 21 papers. To analyze the
papers, we developed a framework (see section 3).

3 FRAMEWORK
The framework includes two types of elements: Elements that

concern the paper in general (sections 3.1 and 3.4) and elements that
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concern the lessons of the paper (sections 3.2 and 3.3). The elements of
the framework are based on works relating to implementation of metrics
and measurement. Cameron and Whetten (1983) focus on the effec-
tiveness of the measurement programs. Niessink and Vliet (2001) stress
the organizational context of the metrics program. Berry and Jeffery
(2000) introduce an instrument for predicting the success of a metrics
program, and are concerned with the process and the context of the
metrics program. The two latter works are different perspectives on
metrics programs. Furthermore, the framework includes general charac-
teristics of the research papers, e.g., research method.

 3.1 Cameron and Whetten
To characterize the papers, we build on Cameron and Whetten's

(1983) seven guidelines for measuring organizational effectiveness. The
guidelines are presented as questions to ask when assessing organiza-
tional effectiveness and making organizational improvements (see Table
1). Since one purpose of both the present effort and the guidelines is to
help "make studies of effectiveness comparable," we feel that their
work is a good match with ours. The questions may be used in a software
metrics program to determine what and how to measure, but they may
also be used to evaluate the effectiveness of the metrics program itself.
We chose the latter as shown in Figure 1.
1. What is the purpose for judging effectiveness?
2. What level of analysis is being used?
3. From whose perspective is effectiveness being judged?
4. On what domain of activity is the judgment focused?
5. What time frame is being employed?
6. What types of data are being used for judgments of effectiveness?
7. What is the referent against which effectiveness is judged?

3.2 Niessink and Vliet
Niessink and Vliet (2001)  argue that the success factors for metrics

programs presented in the literature typically focus on the 'internals' of
the metrics program, e.g. incremental implementation and a well-planned
metrics framework. However, to assess the success of the metrics pro-
gram, the organizational context must be considered, i.e. the measure-
ments should generate value, not just data. In their experience, the main
reasons for implementing a metrics program are reporting, monitoring
performance, learning, performance improvement, organizational
health, and navigation (Niessink and Vliet, 2001).

To facilitate the implementation of a metrics program that sup-
ports solving a problem in the organizational context, they introduce a
generic process model with four steps, (see Figure 2), explained below:
1. Improvement, analysis: The outset is an organizational problem, which

is analyzed.
2. Measurement, implementation: Based on the analysis, the organiza-

tion must decide on possible causes and solutions to the problem. To
find out which of the possible causes is the real cause of the problem,

or which of the possible solutions is the best solution, the organization
should collect information, which occasionally requires implementa-
tion of a metrics program.

3. Measurement, analysis: The data is gathered and analyzed to relate it
to the proposed causes and solutions.

4. Improvement, implementation: Finally, the organization solves the
problem by implementing the solutions found.

Niessink and Vliet (2001) think of the steps labeled "measure-
ment" as internal to the metrics program. We used the four steps in our
classification of the lessons presented in the papers. Furthermore, we
have added data collection as an element in classifying the lessons.
Columns 2 to 5 in Table 2 include data for the part of the framework
inspired by Niessink and Vliet.

3.3 Berry and Jeffery
Since metrics programs seem to have high failure rates, Berry and

Jeffery (2000) identify the variables that may lead to success or failure
of a metrics program. To construct a framework for evaluating and
predicting the success of a particular program, they introduce an instru-
ment, which is a structured set of questions to collect data on successful
and less successful cases from the people implementing and running the
programs in the companies. The instrument includes questions based on
advice from experienced practitioners and from theory, on the status,
context, inputs, processes, and products of the program. The term con-
text is used in our classification of the lessons, whereas the latter three
categories are concerned with the internals of the metrics program and
are labeled process in our framework. Columns 6 and 7 in Table 2 include
data for the part of the framework inspired by Berry and Jeffery.

3.4 General Elements
The papers are also classified according to general elements. The

first is measurement purpose as described by Niessink and Vliet (2001),
i.e. what the paper states as the main purpose for implementing a metrics
program. The second is for classifying the research method used in the
paper, e.g. case study or action research. Furthermore, the level of
theory building in the paper is classified, and the researcher's position is
classified as being inside or outside the organization with the metrics
program. We also record the number and types of companies the paper
is based on.

Table 1. Cameron and Whetten's seven questions.

1. What is the purpose for judging effectiveness? 

2. What level of analysis is being used? 

3. From whose perspective is effectiveness being judged? 

4. On what domain of activity is the judgment focused? 

5. What time frame is being employed? 

6. What types of data are being used for judgments of effectiveness? 

7. What is the referent against which effectiveness is judged? 

 

Figure 1. Our work is a literature survey that evaluates the research
papers published about implementation of software metrics programs.

 

Figure 2. Generic process model.
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4 RESULTS
In the resulting 21 papers we identified 178 lessons that could be

classified according to the framework (Table 2). Based on the literature
review we developed a set of findings, which are presented with the
patterns that emerged from the lessons. Each lesson may appear in
several categories.

Finding 1: Research into implementation of metrics programs fo-
cuses narrowly on the installation of the program.

When metrics programs are introduced, there is little or no consid-
eration of factors that are outside of a narrow scope of determining
what to measure, introducing the specific metrics in the organization,
and systematically collecting the data. Metrics implementations thus
tend to exclude such factors as the purpose of implementing the pro-
gram, how to analyze the data once collected, and how and what to
improve based on the measurements.

Using the labels measurement and improvement from Niessink and
Vliet (2001) the following pattern emerges:
• There are 186 lessons on measurement and data collection.
• There are 26 lessons on improvement.
• Nine papers have no lessons on improvement, i.e. these papers focus

only on measurement. Another five have only vague lessons on im-
provement.

Although our data collection may be biased since we focused on
studies with relevance to implementing metrics programs, and excluded
papers that assumed a metrics program as the foundation for making
improvements, consideration of improvement should be a substantial
theme during implementation of metrics programs (Niessink and Vliet,
2001).

According to Berry and Jeffery (2000), context is important to
the success of a metrics program, however, the lessons from the papers
represent a different picture. Only 28 lessons are on context whereas
146 are on process. In addition, about half of the papers had no or vague
lessons on context, e.g. a lesson could be stated as "beware of context."

Furthermore, of 186 lessons on measurement, 116 are on imple-
mentation, 26 on data collection, and 44 on analysis. There is much
advice on how to get to the data but less on how to interpret the data for
further use.

Finding 2: Improvements focus more on how to implement the
solutions and less on how to identify the problems in the organization.

Of 26 lessons on improvement, 20 are on implementation and 6
on analysis. This pattern might have emerged because the papers as-

sume that the problems are known prior to implementing a metrics
program. However, it is important to link the metrics program to the
actual problems of the organization to obtain success. Hence, linking
from the problems to the measurement should be emphasized in the
literature. Furthermore, the measurements could be used to identify
potential problems or possible causes of problems.

Finding 3: The main purpose of metrics programs is to improve
performance.

To evaluate the success or failure of a metrics program, the pur-
pose of the program should be determined a priori. Of 21 papers, 14 list
performance improvement as a major reason for implementing a metrics
program, six list monitoring performance, and only one lists learning as
the main reason. Four papers list no real purpose of the metrics pro-
gram. From the survey we could conclude that to consider a metrics
program successful, it should contribute to the improvement of organi-
zational performance. However, this is not necessarily reflected in the
success criteria for the programs (see Finding 4).

Finding 4: Success criteria for the implementation of the metrics
program are not declared explicitly or are not well defined.

Most of the papers stated purposes and/or success criteria for the
metrics program. However, often they were broad statements that would
be difficult to confirm. Examples include "Improve software develop-
ment," "Meet the needs of those providing the data," "Metrics consid-
ered useful by participants," and "Widespread corporate use." Far more
operational were goals such as "A program that survives more than 2
years," and "Supporting business goals."

Only two papers report any attempt to validate the success of the
metrics program. One uses a questionnaire; the other includes a descrip-
tion of three projects where metrics were applied successfully. Although
several papers claim that the metrics program was successful, no at-
tempt was made to support such claims with empirical evidence. The
perspective used to determine whether a program is successful is partly
the software people and partly the group of metrics and software pro-
cess improvement people.

Finding 5: The studies of the metrics programs are not based on a
rigorous research method, and the level of theory building in the studies
is very low.

None of the papers specify the research method used. Eleven pa-
pers are case studies where one or more of the authors were active
participants on the metrics program. Many papers draw on the authors'
experience in the field in general, but do not explicitly apply any em-
pirical methods. Consequently, most of the empirical papers studied one
organization. The time frame of the studies is often not explicit, but
could be deduced to be long term due to the extensive experience and
involvement of the authors.

5 CONCLUSION
We presented a general framework for evaluating papers on imple-

menting software metrics programs. Researchers can use this framework
to provide an overview of the current research on implementing metrics
programs. Practitioners can use it to provide a comprehensive view of
the determinants that are instrumental in implementing and operating
successful metrics programs.

The findings have implications for research:
• More rigorous and empirical research into implementation of metrics

programs is needed.
• Involvement of practitioners in the research process is good, as it

provides for rich case studies, but may limit the critical voice of the
researcher.

• There is a need for more theory in studying and understanding metrics
programs in order to broaden the understanding of the metrics pro-
grams and their success or failure.

Likewise, the findings have implications for practice:

Measurement Improvement 
Reference Implemen–

tation Analysis 
Data 

Collection Analysis Implemen–
tation 

Context Process Total 

(Ross, 1990) 8 2 2 0 0 0 11 11 
(Daskalantonakis, 
1992) 

5 4 0 0 2 1 7 9 

(Nusendorf and 
Bunde, 1993) 

12 2 1 0 0 3 12 14 
(Pfleeger, 1993) 9 3 4 0 0 0 10 10 
(Seddio, 1993) 3 1 1 0 1 1 4 5 
(Stark et al., 1994) 4 5 2 0 2 1 9 9 
(Briand et al., 
1996) 

5 0 0 0 0 3 2 6 

(Austin, 1997) 2 2 2 0 0 2 5 6 
(Hall and Fenton, 
1997) 

12 4 2 0 1 0 15 15 
(Holt, 1997) 5 2 6 0 0 3 9 14 
(Mah and Putnam, 
1997) 

2 2 0 0 1 0 5 5 

(Offen and Jeffery, 
1997) 

5 0 0 1 0 2 5 6 
(Wieczorek, 1997) 6 2 0 0 0 3 6 9 
(Van Latum et al., 
1998) 

5 3 3 2 1 0 6 8 

(Dekkers, 1999) 6 2 0 1 2 2 6 7 
(Ebert, 1999) 8 4 0 0 4 2 12 14 
(Grable et al., 
1999) 

7 2 0 0 0 0 8 8 

(Kautz, 1999) 6 1 0 1 2 1 6 8 
(Philips, 1999) 1 1 1 0 3 3 3 7 
(Statz, 1999) 5 2 2 0 0 0 5 5 
(Rifkin, 2001) 0 0 0 1 1 1 0 2 
Total 116 44 26 6 20 28 146 178 

 

Table 2. Overview of the number of lessons for each paper in the different
categories.
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• There is a need to broaden the focus when implementing metrics
programs. The role of the measurements in the broader context of
improvement should be clarified in the organization.

• Explicit, attainable, and measurable success criteria should be specified
in advance.

Our work is based on 21 papers, and may not be representative of
all the ways in which metrics programs are implemented. However, the
patterns that emerge from the lessons cannot be ignored, and are con-
firmed by our experience with metrics programs during the last five
years. Hopefully, the implications of this survey will be considered in
future research and practice of metrics program implementation.
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