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Abstract

The economics and cost of software quality have been
discussed in software engineering for decades now. There is
clearly a relationship and a need to manage cost and quality
in combination. Moreover, economics should be the basis
of any quality analysis. However, this implies several issues
that have not been addressed to an extent so that manag-
ing the economics of software quality is common practice.
This paper discusses these issues, possible solutions, and
research directions.

1. Introduction

The economics — and more often only the costs — of qual-
ity has been a topic in various disciplines [7, 8, 14] and has
also been discussed in software engineering [3,9,11,16-18,
20,21]. All this work shows that economics is a suitable
basis to discuss and analyse software quality. There are two
main reasons for that:

1. Most software projects are done by companies that
have the aim of economic success. Hence, these
projects need to be managed on the basis of economic
decisions. This includes also decisions w.r.t. software
quality.

2. Economics offers the only universal unit that all in-
fluencing factors of software quality can be reduced
to. “Quality is a complex and multifaceted concept.*
[10] These concepts can only be related by assigning a
value to them.

Therefore, economics and quality of software are two con-
cepts that need to be discussed in combination. In an en-
gineering context, quality cannot be seen as an intrinsic at-
tribute of a product but as the combined influence of various
properties of the product on its economics. As pointed out
in [5] “project are not interested in ‘maintainability’ per se;

the crucial parameter for them is the ‘maintenance effort’
(best measured in some currency).” It starts with the goal
definition in requirements engineering where quality goals
should have an economic reason. Also the use and content
of quality models that are used to analyse and improve soft-
ware quality should be based on economic factors. Finally,
decisions in quality assurance and maintenance boil down
to costs. For example, maintainability often is defined as
“the ease with which a software system or component can
be modified to correct faults, improve performance, or other
attributes, or adapt to a changed environment.” [12] This
means that the effort needed — and hence the costs — are
decisive for this quality attribute.

However, there are several problems and issues in the
combination of quality and economics. In our view, there
are four main issues that need to be tackled in order to
achieve a more thorough understanding of the relationships
of quality and economics and bringing methods and tech-
niques into practice:

e Lack of consideration of economics in quality models

Lack of empirical knowledge in research

Lack of relevant data in industry

Difficulties of using monetary units

Lack of education related to economics and stochastic
models

We will detail these points in the following and discuss pos-
sible solutions and research directions.

2. Quality and economics

We discussed the reasons why a value-based view on
quality should be the main focus w.r.t. software quality. The
economic success is the most important goal of the majority
of software systems and monetary units are the only com-
mon unit of all influencing factors (cf. [21]). What follows



from this insight is that software quality cannot be deter-
mined by itself or with a single figure. Software quality is
inseparably connected to its influence on the economics, i.e.
the cost-benefit relation, of the software.
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Figure 1. The relationship of quality and eco-
nomics
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Fig. 1 shows this connection graphically. Each software
is embedded in some environment consisting of other soft-
ware components, platform software, and hardware. There
are also various activities that are performed on the soft-
ware:

e The initial development of the software

e Maintenance of the software consisting of corrective,
adaptive, and perfective changes

e The software needs to be administrated during opera-
tion

e The primary purpose is that the software is in use per-
forming its function

These two blocks — the environment and the activities — in-
cur costs and generate benefits in combination with the soft-
ware. The benefits are often saved costs but can also be in-
dependent of earlier costs. For example, the benefits can be
shorter production times or new overseas markets because
of online marketing. The environment has also an influence
on the activities. It depends on whether we consider the
software (e.g. an enterprise resource planing system) or the
combined hardware/software system (e.g. an airbag control
system) as the main product. In the former case, the envi-
ronment can be seen as an addition to the software that can
be cheaper or more expensive depending on the demands of
the software. In the latter case we should handle the envi-
ronment equally as the software and consider the influences
on the activities directly.

The quality of the software is then how it influences the
activities and its environment in incurring costs and generat-
ing benefits. In Fig. 1, the thin arrows represent the quality
of the software (and its environment). Only these influences

allow to judge whether a software is of “good” quality. This
again shows that quality is a multi-faceted concept that lies
strongly in the eye of the beholder. It also follows that a sin-
gle figure or measure will not be able to describe all these
influences.

3. Issues

Having discussed the inherent relationship of quality and
economics in software systems, we bring up several issues
related to this connection. We describe the problem and
state possible solutions and research directions.

Consideration of economics in quality models. The
available models of software quality aim at decomposing
quality along one dimension, e.g. [4, 13]. Activities and
properties of the system are intermingled in a single dimen-
sion. However, this neglects the relationship of quality and
economics identified in Sec. 2. It hampers a clear structure
of the model. Moreover, the models tend to suggest that
quality is an intrinsic property of the software although — as
pointed out above — mainly the influences on the activities
performed on the software determine the quality.

In our research group, we have developed a two-
dimensional quality model that aims to address this issue
[6,22,23]. The model contains the facts about the software,
its environment and the corresponding process as well as
the activities performed on the software. Then these two
parts are linked by influences. For example, in the usability
model [23], we can model the influence of the number of
steps needed to accomplish a task to specific usage activi-
ties. This way, we can qualitatively analyse usability and
have a basis for quantification.

Empirical knowledge in research. Empirical research
in software engineering is well established by now but it
has still not gained the importance it deserves. For an
economic analysis of software quality, most questions can
only be answered empirically. Some questions have been
worked on by the empirical software engineering commu-
nity such as the efficiency of testing and inspection tech-
niques, e.g. [2, 15]. These issues are now better understood.
However, the complete relation to economics is still not
clear.

Moreover, there are other factors that influence software
quality and they need to be identified by field studies and
experiments. Another problem is that studies at companies
are difficult because the cost data is typically considered as
very sensitive, i.e. secret information that must not be given
to competitors. We need to find ways to address these issues
and to convince companies of the advantages. For example,
it allows a better comparability of the own efforts with the
domain average.



Data in industry. The main fact that hampers analyses of
quality economics in practice is the little data that is avail-
able in industry. There are several reasons for that. The
main reason is the effort needed for collecting appropriate
data. It is often the case that companies might be interested
in results about quality and economic analyses but are not
willing to invest the necessary effort. Hence, research needs
to investigate the economics of quality economics. We need
to be able to show to what extent it pays off to collect spe-
cific data.

Moreover, in industry, it is not well understood how to
use collected data. Again, research needs to clearly show
which metrics can be used for what purposes. The goal-
question-metric paradigm [1] is clearly a basic step in that
direction. Furthermore, we propose that quality models are
a way to achieve well-founded reasons for metrics [6, 22].
Another reason for the poor availability of data is that
company-internal politics can be involved. In certain sit-
uations it might be better for some employees that the eco-
nomical implications of their decisions are not known. For
example, this helps to disguise mistakes. A solution can
only be an open communication culture in the companies.

Monetary units. We argued for economics because
money is the only possible unit that is universal enough
to measure the influences on quality. However, the mon-
etary units are not as universal as we first suggested. The
value of money changes over time, with different curren-
cies, and over different locations. The main problem is
inflation. How can we build empirical knowledge using a
continously changing unit? One answer is surely to use net-
values and other methods that allow to inflation-adjust the
values. However, this renders meta-analysis even more dif-
ficult as it is today (cf. [19]).

On top of this, we have to deal with different currencies
that have also ever-changing exchange rates. This also ham-
pers comparability. A solution would be to convert all data
into one broadly accepted currency. Moreover, the labour
rates can differ even in a single currency. Because human
labour costs constitute the main costs in software develop-
ment, this complicates comparisons strongly. We suggest to
agree on a standard date and currency that all data is con-
verted to.

Education. Computer science education is largely gov-
erned by its root in formal mathematics. The software en-
gineering reality that also includes economics is not ac-
curately represented there. Very basic techniques such as
statistical process control or building stochastic models are
scarcely taught. We propose to include mandatory modules
of basic economics as well as quantitative and qualitative
management in the curricula. This way, graduates will have

a better understanding of the relationships between software
quality and economics discussed in Sec. 2.

4. Conclusions

Economics and quality are two fundamental concepts in
software development that are closely related. A thorough
management of one of the two implies also the considera-
tion of the other. There are several problems in research and
practice today that hamper the modelling and evaluation of
these relations. We described several of these issues, possi-
ble solutions, and research directions to address them. We
believe that the main issue for research is to build suitable
quality models and find ways to found them with a solid
empirical basis.
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