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Position Statement

We believe that all software development processes can
be described by a single abstraction that accounts for the
great variety of processes that exist, outcomes of inter-
est and project-specific factors that occur in real-world
projects. The abstraction is best represented as a conceptual
model, the components of which are theoretical constructs,
or models, in their own right. We believe that such a model
will facilitate model building to solve individual problems,
provide support for empirical research and, in the long term,
provide a tool for predictions based on understanding. We
are taking the first steps in building such a model.

1 Introduction

An ideal predictive model of the software development
process would encompass all kinds of processes, outcomes
of interest, and variations in project-specific factors. Such
a model would support researchers by providing a holistic
framework within which research findings might be posi-
tioned and assumptions exposed. Current predictive mod-
els are scoped to solve a particular problem on a partic-
ular process. These models use existing data as a basis
for predicting outcomes, and are thus aimed at understand-
ing and predicting within the bounds imposed by that data.
These factors make it difficult to generalise to other prob-
lems and processes. If we are to improve our ability to
predict, we must first understand in a theoretical way the
relationships between process, product and people. Build-
ing models (theories), generating hypotheses from these and
applying empirical research to test the hypotheses is an ac-
cepted approach.

There is an increasing interest in applying empirical
methods to the exploration of cause and effect relationships
for various aspects of the software development process.
The results of such research will be increased understanding
at a fine-grained level. The existence of appropriate theo-
retical constructs would help to guide and consolidate such

research.
The rest of this paper is organised as follows. In sec-

tion 2 we use a brief history of the study of planetary mo-
tion to illustrate the difference between models that just pro-
vide prediction, those that provide fragmented understand-
ing and those that provide holistic understanding. In section
3 we look at some questions about the software develop-
ment process we can’t answer with current models and in
section 4 we overview the kinds of work researchers are
doing. In section 5 we suggest what a conceptual model
should provide to researchers, and in section six we discuss
our research and viewpoint. In section 7 we summarise the
paper.

2 Science and Understanding

Rivett [13], when describing the status of model building
in the field of operations research in 1972, reminds us that,
throughout history, man has constantly searched for pattern
and generalisation. From around 700 BC, the Babylonians
measured and recorded the motions of the stars and planets,
analysed these, and were successful in forecasting planetary
events with great precision. Their recordings of hundreds of
years of planetary data enabled them to estimate the value
of the motion of the sun from the node with an error of only
five seconds. The same estimation, when made in the nine-
teenth century, yielded an accuracy of only seven seconds.

Although the Babylonians recorded events with care,
they made no attempt to theorise. The Greeks, on the other
hand, followed a different approach, and built first mechan-
ical and then geometrical models of planetary motion in an
attempt to understand and explain. However, their models
were made up of a number of parts and the Greeks had no
success in unifying these. When applied to the Babylonian
data, the models were found to be incorrect [13].

Rivett notes that, in more recent times, Kepler proposed
three laws of planetary motion based on data that had been
collected by Tycho Brahe. He applied an elliptical model
to the motion of the planets and from this model produced
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laws that appeared to work. No-one knew the fundamen-
tal reason why the laws worked. And we notice that, as the
laws were based on planetary data, these laws could not pre-
dict the movements of other celestial objects, for example,
comets. Newton later brought some understanding to bear
on celestial motion when he postulated a force that acted
between all objects in the universe with mass. From this
understanding and unification of ideas from physics and as-
tronomy, he was able to show that orbits for celestial ob-
jects, for example comets, were not only elliptical, but could
be hyperbolic and parabolic. He was thus able to predict
accurately for all celestial bodies, show that Kepler’s Laws
were a special case of Newton’s Laws and improve the ac-
curacy of Kepler’s calculations.

The above ideas are captured in the statistical literature.
Authors [4, 7] distinguish between ‘descriptive’ statistics,
which allow us to study the nature and magnitude of rela-
tionships between items of interest, and ‘inferential’ statis-
tics which “permit conclusions about a population, based
on a the characteristics of a sample of the population” [4].
Wild and Seber remind us that a result based on observation
is “often useful for identifying possible causes of effects,
but it cannot reliably establish causation” [14].

Rivett summarises by stating that a model may be pre-
dictive without being explanatory, but an explanatory model
is always predictive. “A model which is merely predictive
works within narrow confines, yields no understanding, nei-
ther does it provide of itself any means of checking when
the underlying logic has changed significantly” [13]. We
also note that an inability to unify fragmented models that
relate to the same phenomenon is an indication that under-
standing is not yet complete.

A number of researchers, from both within and with-
out the software engineering community, have reiterated
the need to build models to increase understanding. Rivett
reminds us that, in our attempts to find patterns and gen-
eralisations, we are constantly at risk of finding patterns
where none exist and confusing predictive capability with
real understanding. Although a statistical pattern-matching
approach may provide excellent predictive results if the data
on which modelling is based is sufficiently extensive, under-
standing is required if we are to generalise predictive efforts
to other situations [13]. Jones has pointed out the error of
basing predictions on statistical averaging rather than try-
ing to understand the causes of the large variations in re-
sults [9]. More recently, Fuggetta claims that, although for-
malising definitions, techniques and methods is important
for building a sound software engineering foundation, such
“formality does not tell us anything about the nature of the
entity being observed.” He claims that an equally pressing
need is to more fully understand the activities and relation-
ships that make up the software development process [6].
Anger, from the National Science Foundation, reminds us

that “Good science requires basic theoretical work as well
as appropriate experimentation” and lays down some possi-
ble guidelines for such research [1]. Ludewig advises that
modeling enables us to “collect experiences, find generic
solutions” and that “greatly improved descriptive models is
what we desperately need” [12].

A theory is a model or framework for understanding.
Building theoretical models, generating hypotheses from
these and applying empirical research to test the hypothe-
ses is an accepted approach to better understand cause and
effect relationships.

3 What We Can’t Understand with our Cur-
rent Models

Many researcher are studying various aspects of the soft-
ware development process from a number of different per-
spectives. With current techniques, we are unable to under-
stand or ask questions about the following kinds of ques-
tions.

� Will costs be greater if we replace ‘design’ and ‘code’
activities with a ‘test first design’ activity?

� If we ask the designers to document only design in-
terfaces, how will costs be affected? And how will
enhancement projects be affected?

� If we assign a different project manager to the project,
will outcomes be better? Why?

� Our simulation results show we must increase inspec-
tion effectiveness by 50 percent. What are the possible
ways we might achieve this?

� We want to monitor the business value of a product as
it passes through development. How do we do this?

� Highly skilled developers seem to work more effi-
ciently and effectively that those with lesser skills. Are
there any other factors that might enable us to achieve
acceptable results with lower skilled developers.

The reason that we can’t answer such questions is that,
while the various kinds of research are producing useful re-
sults within a given context, we have no way of understand-
ing how general the results are, or of comparing results from
different contexts. The cause of the problem is that we do
not understand how the various aspects of the process i.e.
people, process and product relate to each other. In other
words, we do not have a holistic model for the software
development process to provide a framework for research
efforts and results.



4 What Researchers are Doing

Some areas of research into the software development
process include cost estimation and simulation modelling
(both aimed at prediction) and empirical research (aimed at
deep understanding). We present some strengths and limi-
tations of these research paradigms.

4.1 Cost Estimation

Cost estimation models first appeared at a time when the
industry was plagued by problems of time and cost over-
run of large projects. These problems triggered the search
for a model of the software development process that would
facilitate the prediction of costs and durations for a given
project. The resulting cost estimation models are equations
linking costs to the size of the software product to be de-
livered and a number of other factors believed to influence
costs, for example, developer experience. The form of the
model equation is inferred from a statistical manipulation
on a number of datasets collected from real projects. In this
modelling paradigm we note that the projects from which
data is collected are large-scale and waterfall-like in nature,
with associated assumptions about, for example, documen-
tation and rework overhead.

Current models appear to yield good results when ap-
plied to certain kinds of projects. However, as for any pre-
dictive model based on datasets, the assumptions relating
to the form of the software development process, for ex-
ample, assumptions about documentation overhead and re-
work, are not transferrable to other kinds of processes, for
example, agile processes. In addition, as pointed out by
Jensen, the effects of factors such as management style tend
to outweigh the effects of technical factors, and yet these
‘soft’ factors are not included in cost estimation models [8].
Indeed, as we do not know exactly what is is that changes
with management style (motivation? improved communi-
cations?), we are not in a position to include such factors.

4.2 Simulation Modelling

Simulation models aim to address a number of differ-
ent issues, including those relating to project planning and
process improvement [10]. Such models are generally cre-
ated for a specific company process and tend to use met-
rics data from the target company for model formulation.
The scope of application of the models is thus limited. Hu-
man factors are often included as part of the model archi-
tecture, for example, as changing engineer motivation dur-
ing long projects. However, some human aspects are often
‘hidden’ in the metrics that populate the model. For exam-
ple, a company’s metrics database may contain a measure

of ‘typical productivity’ or ‘average number of defects in-
jected or found’, and these metrics in fact ‘hide’ the fact that
real people are coding at a certain rate and certain level of
proficiency. If we don’t know what were the human factors
at play when the metrics were collected, we have no idea
whether or not we may apply the same metrics in another
project.

Some of the limitations of existing simulation models
are:

� Each model is either built for a specific company pro-
cess. This means that creation of each new simulation
model is costly.

� Most models focus on a single project outcome,
for example, cost or quality. This is not maximal
for decision-making support as stakeholders generally
want to know about trade-offs.

� The effects of human aspects are reduced to a few well-
known factors, for example, experience and motivation
change during long projects. There is no abstraction
for the relationship between humans and process and
hence no ‘hypothesis’ upon which to base experimen-
tation and research in this area.

4.3 Empirical Research

The last few years have seen the emergence of an inter-
est in sound empirical research. It is generally agreed by
researchers that, if we are to progress as a professional dis-
cipline, it is now time to move away from the ‘analytical
advocacy research’ [5] with which the industry is familiar
and towards a more formal approach to experimentation.

Research into the software process can be categorised as
examining the interrelationships between process, product
and people. Some examples are:

� Which inspection technique is better? (process on
product).

� How does the use of an inspection technique change
the developer? (process on people).

� Is a specific kind of process better for this type of prod-
uct? (product on process).

� Does the format of the requirements document make a
difference to how the developer performs? (product on
people).

� Did the technique yield better results if the developers
were experienced? (people on process).

� Is internal coupling in design documents an indication
that fewer defects will be found in the deliverables?
(product on product).



As pointed out by Carver et al. [3], there is a problem
with understanding what are the common assumptions aris-
ing in current empirical research efforts. In addition to pos-
sible errors in construct validity, caused by selecting inap-
propriate metrics and measures, it is difficult for researchers
to be sure that all possible explanations for results have been
identified and that effects are, in fact, due to the cause under
investigation. This is a problem of internal validity. We can
see what potential problems might arise if we consider the
above list. For example, for experiments involving process
and product, are we certain the human factors were held
constant? We remember to take account of experience and
skills, but are there any other factors that might confound
results, for example, motivation and ease of communica-
tions?

In research that addresses the last item above, Briand et
al. examine a cause and effect relationship between some
property of design documents and defect densities in code
and executables [2]. Even when we are sure such inferences
are correct, can we be sure that they apply during a real
project. For example, are we sure that the ‘coding’ process
accurately transformed into code the attribute of interest i.e.
internal coupling?

Empirical research is, of course, crucial for understand-
ing causal mechanisms for the software development pro-
cess. But unless we use the results of such research to build
up models of process, product and people and their inter-
actions, and then work with these models in a holistic way,
we risk having results that we can’t be entirely sure about or
use in a practical way. We return to the accepted idea that
building theories (models) is required for real understand-
ing.

5 A Conceptual Model

Our research is aimed at developing a conceptual model
for the software development process. The model captures
aspects of people, process and product into a framework
that will facilitate a theoretical approach to software devel-
opment process research. Our model should provide the
following support to researchers [11]

� Choice of granularity in the process under study (the
whole process, a single process element, etc.).

� The ability to select process elements and to define
new kinds of elements.

� A means of capturing the deliverables-related objec-
tives that are the targets for the process.

� A choice of models for the above objectives, for exam-
ple, quality models.

� The ability to define new kinds of product-related ob-
jectives, for example, objectives relating to value or
useability.

� A repository of consistent product models i.e. mod-
els that exhibit consistency in internal and external at-
tributes.

� Loose coupling of human- and techology-related fac-
tors.

The existence of such a framework would assist re-
searchers in a number of ways. Those currently involved
in predictive modelling might refer to such a framework to
better understand what might be confounding factors and
assumptions for simulation results. Simulation modellers
might better understand possible reasons for research re-
sults and use this information to strengthen findings and
business cases for change. Those involved in empirical re-
search might use the framework to examine issues of exper-
imental validity and as a tool for theory building based on
research findings. Such theories would become model com-
ponents and would thus be available for the creation of new
hypotheses to be tested.

6 Discussion

The hypothesis for this research is that all software de-
velopment processes can be described by a single abstrac-
tion that accounts for the great variety of processes that ex-
ist, outcomes of interest and project-specific factors that oc-
cur in real-world projects. We believe that such a model
will facilitate model building to solve individual problems,
provide support for empirical research and, in the long term,
provide a tool for predictions based on understanding. We
have formulated a base model to ‘prove’ the above and are
currently involved in retrofitting results from a number of
simulation models as an initial proof of concept. During this
exercise, we limit the format of the component models to in-
clude the attributes of interest to the original model builder.
The aim is not to reproduce research, but simply to apply an
exploratory feasibility study that will give confidence in the
fact that different kinds of process can be represented and
that new ideas and understanding might become apparent.

We are aware that this is an ambitious undertaking.
There are many reasons why such a model can not be con-
tructed in entirety at the present time. For example, we are
not confident about how to best operationalise and measure
many software attributes, the industry is not agreed on what
is an appropriate quality model, etc. This is a task for many
researchers over a period of time. A collaborative approach
is indicated.

However, we maintain that it is time to leverage all the
research efforts of past years and move towards an attempt



at holistic understanding of the issues affecting software de-
velopment process outcomes. Real understanding will be
achieved only by using the results of research to build the
models that are components of the framework, and then us-
ing these models to create further hypotheses. The existence
of the framework will help researchers ensure hypotheses
are tested both in isolation and holistically.

7 Summary

It is our position that all software development processes
can be described by a single abstraction that may be repre-
sented as a conceptual model, comprising component mod-
els. We believe that such a model will facilitate model
building to solve individual problems, provide support for
empirical research and, in the long term, provide a tool for
predictions based on understanding.

Thoughout history, man has constantly searched for pat-
tern and generalisation and has built models to reflect his
understanding. Models built on large data sets may yield
excellent predictions within a narrow scope, but real under-
standing is required if we are to be able to generalise our
predictions. Researchers are applying different kinds of re-
search to the software development process. Predictive re-
search is based on specific data sets and results cannot be
applied to other situations. Empirical research has issues
with internal validity because, at this time, we do not know
what are all the factors of interest and how the various as-
pects of the process interact. We hypothesise that an inte-
grated model of the software development process is possi-
ble and that such a model would be useful to researchers.
The idea is ambitious and requires that researchers adopt a
collaborative approach.
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