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Abstract

Due to increasing demand for software project
managers in industry, efforts are needed to develop the
management-related knowledge and skills of the current
and future software workforce. In particular, university
education needs to provide to their computer science
students not only technology-related skills but, in addition,
a basic understanding of typical phenomena occurring in
industrial (and academic) software projects.

This paper presents a controlled experiment that
evaluates the effectiveness of using a process simulation
model for university education in software project
management. The experiment uses a pre-test-post-test
control group design with random assignment of computer
science students. The treatment of the experimental group
involves a System Dynamics simulation model. The
treatment of the control group involves a conventional
predictive model for project planning, i.e. the well-known
COCOMO model.

In addition to the presentation of the results of the
empirical study, the paper discusses limitations and
threats to validity. Proposals for modifications of the
experimental design and the treatments are made for
future replications.

1. Introduction

Software development is a dynamic and complex
process as there are many interacting factors throughout
the lifecycle that impact cost and schedule of the
development project, and quality of the developed
software product. In addition, software industry constantly
faces increasing demands for quality, productivity, and
time-to-market, thus making the management of software
development projects one of the most difficult and
challenging tasks in any software organisation. Therefore,
it is not surprising, that project management is one of the

focus areas to which process simulation techniques have
been applied in the domain of software engineering during
the last decade, starting with the pioneering work of
Kellner et al. [9] and Abdel-Hamid and Madnick [1].

Considering that the need for software is constantly
growing world-wide, and hence the need for experienced
and well-trained project managers, it is surprising that
experience with using process simulation as a means for
software project management education and training has
rarely been published (examples are [6] and [14]).

The potential of simulation models for the training of
managers has long been recognised: flight-simulator-type
environments (or microworlds) confront managers with
realistic situations that they may encounter in practice, and
allow them to develop experience without the risks
incurred in the real world [10]. Two detailed reports about
training workshops for managers based on real industrial
cases using simulation can be found in [8] (other examples
are mentioned in [15] and [16], to give some pointers).

With regard to the specific topic of software project
management, only few experimental studies have been
conducted that involve the use of simulation models
representing typical behaviour of software projects.

Experiments carried out at the Jet Propulsion
Laboratory aimed at studying the decision-making process
of software managers [12]. Twenty managers were asked
to conduct a project simulated with the aid of the Software-
Engineering Process Simulation Model (SEPS) [13]; some
were provided with cause-effect feedback of their actions,
while the others were not. It was observed that the second
group (without feedback information) tended to act in a
more "fire fighting" mode than the first one; and the
feedback information was most beneficial to the less
experienced managers.

At Draper Laboratory, a simulation model served as the
basis for an experiment involving a group of 50
experienced software managers [20]. The scenario of the
experiment involved a 15 percent requirement change in
the course of the simulated project. Few of the managers
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were able to adapt properly to this situation: most of them
reacted by hiring new staff late on the project (a typical
"fire fighting" policy), and experienced budget and
schedule overruns. Worse, the managers tended to
reproduce exactly the same errors when running the
scenario for the fourth or fifth time. The authors of the
study conclude that the participating managers were
limited by their mental model of the process, and that they
were reluctant to change it.

The two experiments mentioned above show that
natural one-way causal thinking can be detrimental to the
success of software managers. Therefore, the aim of the
training should go beyond that of facing people to realistic
problems; the concern is also to make managers adopt
systems thinking, and perceive the existence of
(unexpected) feedback to management decisions.

As a first preparatory step towards supporting the
formation of well-trained software project managers in
industry, university education needs to provide to their
computer science and software engineering students not
only technology-related skills but, in addition, a basic
understanding of typical phenomena occurring in industrial
(and academic) software projects. Usually, there exist
practical limitations that prohibit the exposure of students
to realistic, large-scale industrial software development
projects during education. This could be partially
compensated by making students use software process
simulation models that reproduce the behaviour of realistic
(i.e. complex) software development projects.

This paper presents a controlled experiment that was
conducted to investigate the effectiveness of computer-
based training in the field of software project management
using a System Dynamics (SD) simulation model. This
study is viewed as exploratory, i.e. the intention is to
identify and refine important hypotheses and to investigate
them further. Section 2 presents the experimental details of
the study. Section 3 summarises the results of the data
analysis and presents important details that help to explain
them. Section 4 discusses the various threats to the validity
of the study. The paper concludes with improvement
suggestions for the experimental design and proposes
directions for future research.

2. Description of the experiment

The main objective of developing and applying a
simulation-based training module has been to facilitate
effective learning about certain topics of software project
management to computer science students. This was done
by providing a scenario-driven interactive single-learner
environment that can be accessed through the internet by
using a standard web-browser. An additional goal has been
to raise interest in the topic of software project
management among computer science students, and to

make them aware of some of the difficulties associated
with controlling the dynamic complexity of software
projects.

The training module used in the study is composed of
course material on project planning and control. The
arrangement and presentation of the course material is
defined by the single-learner training scenario. The core
element of the training module is a set of interrelated
project management (i.e. planning) models, represented by
a simulation model that was created by using the System
Dynamics (SD) simulation modelling method [7] [18].
This model simulates typical behaviour of software
development projects.

In order to investigate the effectiveness of computer-
based training in the field of software project management
using a SD simulation model, a controlled experiment
applying a pre-test-post-test control group design was
conducted. The subjects who were willing to participate in
the experiment had to pass two tests, one before the
training session (pre-test) and one after the training session
(post-test). The effectiveness of the training was then
evaluated by comparing within-subject post-test to pre-test
scores, and by comparing the scores between subjects in
the experimental group, i.e. those who used the SD model,
and subjects in the control group, i.e. those who used a
conventional project planning model instead of the SD
model. In the study, the well-known COCOMO model [2]
was used by the control group since this model is quite
comprehensive and can be considered as state-of-the-
practice in many industrial software organisations.

The following dimensions were used to characterise
“effectiveness” of the training session:
1. Interest in software project management issues.
2. Knowledge about typical behaviour patterns of software

development projects.
3. Understanding of “simple” project dynamics.
4. Understanding of “complex” project dynamics.

In the study, these dimensions were represented by
dependent variables (Dep.1 to Dep.4).

2.1. Hypotheses

Standard significance testing was used to analyse the
effectiveness of the training session. Two null hypotheses
together with their associated alternative hypotheses were
stated.

The first null hypothesis was stated as:
H0,1: There is no difference between scores before (pre-

test) and after (post-test) the training session.
The second null hypothesis was stated as:
 H0,2: There is no difference in effectiveness between

the experimental group (using the SD model) and the
control group (using the COCOMO model).

The alternative hypotheses, i.e., what was expected to
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