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Abstract

Keywords:

The increasing demand for software project managers in industry requires
strategies for the development of the management-related knowledge and
skills of the current and future software workforce. Although several ap-
proaches help teach the required skills in a university setting, few empirical
studies are currently available to characterise and compare their effects.

This paper presents results of an externally replicated controlled experiment
that evaluates the learning effectiveness of using a process simulation model
for educating computer science students in software project management.
While the experimental group applies a System Dynamics simulation model,
the control group uses the well-known COCOMO model as a predictive tool
for project planning.

The results of the empirical study indicate that students using the simulation
model gain a better understanding about typical behaviour patterns of soft-
ware development projects. The combination of the results from the initial ex-
periment and the replication corroborates this finding. Additional analysis
shows that the observed effect can mainly be attributed to the use of the
simulation model in combination with a web-based role-play scenario. This
finding is strongly supported by information gathered from the debriefing
guestionnaires of subjects in the experimental group. They consistently rated
the simulation-based role-play scenario as a very useful approach for learning
about issues in software project management.

COCOMO, learning effectiveness, replicated experiment, software project
management education, System Dynamics simulation
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Introduction

1 Introduction

Software development is a dynamic and complex process since many interact-
ing factors throughout the lifecycle impact the costs and schedule of the de-
velopment project as well as the quality of the developed software product. To
monitor and control software development projects, management experience
and knowledge on how to balance the various influential factors are required.
However, the growing pervasiveness of software and the increasing number of
software development projects result in a lack of well-trained and experienced
managers.

To address theses issues, process simulation techniques have been applied to
the domain of software engineering during the last decade, starting with the
pioneering work of Kellner et al. [10] and Abdel-Hamid and Madnick [1]. But
although the potential of simulation models for the training of managers has
long been recognised [9][17][18], experience with process simulation as a
means for software project management education and training has rarely
been published (examples are [7] and [16]).

In fact, only few experimental studies have been conducted involving the use
of models that simulate the typical behaviour of software projects [13][14][23].
The results of these experiments indicate that a natural one-way causal think-
ing could be detrimental to the success of software managers. They must
rather adopt a multi-causal or systems thinking. Moreover, they must be aware
of (unexpected) feedback to their management decisions. These findings high-
light the need for new learning and education strategies.

The first strategic step for teaching software project management must already
be included in the curriculum of students. University education must teach
computer science and software-engineering students not only technology-
related skills but also a basic understanding of typical management phenom-
ena occurring in industrial (and academic) software projects. However, practical
constraints of a course usually limit the exposure of students to realistic, large-
scale industrial software development projects in which they could make their
own experiences. 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. The question is whether this ap-
proach is viable.

This paper presents the results of a controlled experiment and its first external

replication to investigate the effectiveness of computer-based training in the
field of software project management using a System Dynamics (SD) simulation
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Introduction

model. While the experiment was originally performed at the University of
Kaiserslautern, Germany, [20], its replication took place at the University of
Oulu, Finland. Both empirical studies are viewed as exploratory. The intention is
to identify and refine important hypotheses and to investigate them in further
detail. More replications are planned for the future.

The paper is structured as follows: Section 2 presents the experimental details
of the study. Section 3 summarises the results of the data analysis. Section 4
discusses the various threats to the validity of the study. The paper concludes
with improvement suggestions for the experimental design and proposes direc-
tions for future research.

2 Copyright © Fraunhofer IESE 2002
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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 soft-
ware project management for 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 was to raise interest in the topic of software project management among
computer science students, and to make them aware of some of the difficul-
ties associated with controlling the dynamic complexity of software projects.

The training module used in the study is composed of course material on pro-
ject planning and control. The core element of the training module is a set of
interrelated project management (i.e. planning) models, represented by a simu-
lation model that was created by using the System Dynamics (SD) simulation
modelling method [8] [21]. 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 ex-
periment 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 ses-
sion (post-test). The effectiveness of the training was then evaluated by com-
paring 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 indus-
trial software organisations.

The various possibilities of conducting a training session is described in Figure 1
as a three-layered graph. The first layer defines the learning goal, i.e. software
project management with focus on project planning and control. The second
layer defines the type of project planning model used in the training session,
i.e. COCOMO model versus SD simulation model. Finally, the third layer defines
the learning mode as another dimension to characterise the training session,
i.e. inclusion or exclusion of a web-based interactive role-play. The combination
of the distinctions made in layers two and three yield four different treatments.
Our empirical investigations compare the effectiveness of two of them called T,
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(SD model-based learning with web-based interactive role-play scenario) and T,
(standard COCOMO-based learning without web-based interactive role-play).

Layer 1: Software Project Management

Learning Goal (Planning and Control)

Layer 2: SD Model COCOMO Model

Project Planning Model (Project Simulation) (Project Estimation)

Layer 3: With Without With Without

Learning Mode Role-Play Role-Play Role-Play Role-Play
Q@ @)

Figure 1: Possibilities for arranging the training session

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 pro-
jects.

3. Understanding of ““simple” project dynamics.

4. Understanding of “complex’ project dynamics.

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

2.1 Experimental hypotheses
The hypotheses of the experiments were stated as follows:

1. There is a positive learning effect in both groups (A = experimental group, B
= control group). Using the notations in Table 1, this expectation can be
formulated as follows:

SCOre ey (Y.1; A) > score, (Y.i; A), fori=1, ..., 4
and
SCOrepoy (Y.1; B) > score, (Y.i; B), fori=1, ..., 4

4 Copyright © Fraunhofer IESE 2002
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2. The learning effect in group A is higher than in group B, either with regard

to the performance improvement between pre-test and post-test (relative
learning effect), or with regard to post-test performance (absolute learning
effect). The absolute learning effect is of interest because it may indicate an
upper bound of the possible correct answers depending on the type of trai-
ning (A or B). Using the notations in Table 1, this expectation can be formu-
lated as follows:

a) “Relative learning effect”:

scoregg (Y.0; A) > scoreg (Y.0; B), fori=1, ..., 4
b) )*“Absolute learning effect™:

SCOrepoy (Y.1; A) > score, (Y.0; B), fori=1, ..., 4

Term Definition

score, (Y.i; X) | Pre-test scores for dependent variable Y.i (i = 1, ..., 4) of subjects in group X

(X=AorB).

score,. (Y.i; X) | Post-test scores for dependent variable Y.i (i = 1, ..., 4) of subjects in group X

(X=AorB).

scorey (Y.i; X) | Difference scores for dependent variable Y.i (i = 1, ..., 4) of subjects in group

X (X=AorB).
The difference scores are calculated as follows:

scoregy (Y.i; X) = scoreyq (Y.i; X) — score, (Y.i; X)

Table 1: Notation

Note that it is not expected that both relative and absolute learning effect will
always occur simultaneously. This reflects on the fact that higher relative learn-
ing effects in group A compared to group B are less likely to occur when pre-
test scores of group A are significantly higher than those of group B. Similarly,
higher absolute learning effects in group A compared to group B are less likely
to occur when pre-test scores of group A are significantly lower than those of
group B. Standard significance testing was used to analyse expectations. The
related null hypotheses were stated as follows:

* HO0,1: There is no difference between pre-test scores and post-test scores
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2.2

Table 2.:

Subjects

The initial experiment was conducted with graduate computer science students
at the University of Kaiserslautern (KL), Germany, who were enrolled in the ad-
vanced software engineering class. Although none of them had concluded his
or her Master degree in computer science or a related field, their skill level was
comparable to a Bachelor degree. Twelve students expressed their interest in
participation but eventually only nine of them completed all steps of the con-
trolled experiment.

The replication of the initial study was conducted during a summer school with
twelve graduate and post-graduate students (one Master degree, one Ph.D.) of
the University of Oulu, Finland, having their major in computer science, infor-
mation technology, information engineering, micro electronics or mathematics.

KL students Oulu students
Average age [years] 27.0 31.3
Share of women 11 % 50 %
Share of subjects majoring in: 100 % 67 %
- computer science
- information technology
- software engineering
- information engineering
- inf. processing science
Preferred learning style(s):
- reading (with exercise) 89 % 33 %
- web-based training 11 % 8%
- in-class lecture (with exercise) 22 % 25 %
- working group (with peers) 33 % 42 %
Opinion about most effective learning style(s): - not asked -
- reading (with exercise) 25 %
- web-based training 17 %
- in-class lecture (with exercise) 33 %
- working group (with peers) 67 %

Personal characteristics

In both studies, before passing the pre-test, information was captured on the
personal background of the students and their experience with software de-
velopment and software project management. In addition, the students an-
swered questions about personal characteristics (age, gender), university edu-
cation (number of terms, major, minor), and preferred learning style on a vol-
untary basis. The personal characteristics of the two groups are summarised in
Table 2.

Copyright © Fraunhofer IESE 2002
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2.3 Treatments

The training sessions of both groups, experimental and control, was structured
by training scenarios that consisted of a sequence of scenario blocks. The ge-
neric training scenario structure is composed of the following four scenario
blocks:

1. Block 1 - PM Introduction: General introduction into the main tasks of soft-
ware project managers and the typical problems they have to solve with re-
gard to project planning and control. This includes a brief discussion of
problems caused by the so-called “magic triangle™, i.e. the typical presence
of unwanted trade-off effects between project effort (cost), project dura-
tion, and product quality (functionality).

2. Block 2 - PM Role Play: Illustration of common project planning problems on
the basis of an interactive case example in which the trainee takes over the
role of a fictitious project manager.

3. Block 3 - PM Planning Models: Presentation of basic models that help a pro-
ject manager with planning tasks, namely a process map, and a predictive
model for effort, schedule and quality.

4. Block 4 - PM Application Examples: Explanation on how to apply the plan-
ning models on the basis of examples that are presented in the form of little
exercises.

2.3.1 Treatment of the experimental group

The experimental group passed all scenario blocks. The SD model was used as
the predictive model in scenario blocks 3 and 4. In addition, the SD model was
integrated into the interactive role-play offered by scenario block 2.

The SD model used in the training session consists of five interrelated sub-
models (views):

1. Production View: This view represents a typical software development life-
cycle consisting of the following chain of transitions: set of requirements
(planned functionality) — design documents — code — tested code.

2. Quality View: This view models the defect co-flow: defect injection (into de-
sign or code) — defect propagation (from design to code) — defect detec-
tion (in the code during testing) — defect correction (only in the code). Op-
tionally, additional QA activities will result in defect detection and rework al-
ready during design and coding.

Copyright © Fraunhofer IESE 2002 7
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3. Effort View: In this view, the total effort consumption for design develop-
ment, code development, code testing, optional QA activities, and defect
correction (rework) is calculated.

4. Initial Calculations View: In this view, the nominal value of the process pa-
rameter “productivity” is calculated using the basic COCOMO equations for
estimating effort and project duration. The nominal productivity varies with
assumptions about the product development mode (organic, semi-
detached, embedded) and characteristics of the available project resources
(e.g. developer skill).

5. Productivity, Quality & Manpower Adjustment View: In this view, project-
specific process parameters, like (actual) productivity, defect generation, ef-
fectiveness of QA activities, etc., are determined based on a) planned target
values for manpower, project duration, product quality, etc., and b) time
pressure induced by unexpected rework or requirement changes.

A detailed description of the SD model used in the experiment can be found in
[19].

Scenario block 2 (PM Role Play) has been designed to help the trainee under-
stand the complex implications of a set of empirically derived principles that
typically dominate software projects conducted according to the waterfall
process model. Even though the waterfall process approach is no longer state-
of-the art, and in most industrial organisations not even state-of-the-practice,
it is expected that it is still an interesting object of study for students having lit-
tle or no experience with real-world industrial software development. The set
of principles used in the block scenario (cf. Table 3) was distilled from the top
10 list of software metric relationships published by Barry Boehm in 1987 [3].

In order to make the trainee understand the implications of these principles

(and their combinations), a role-play is conducted in which the trainee takes
the role of a project manager who has been assigned to a new development
project. Several constraints are set, i.e. the size of the product and its quality
requirements, the number of software developers available, and the project

deadline.

The first thing to do for the project manager (in order to familiarise with the
SD simulation model) is to check whether the project deadline is feasible under
the resource and quality constraints given. Running a simulation does this
check. From the simulation results, the project manager learns that the dead-
line is much too short. Now, the scenario provides a set of actions that the pro-
ject manager can take, each action associated with one of the principles and
linked to one of the model parameters. Soon the project manager learns that
his department head does not accept all of the proposed actions (e.g. reducing
the product size or complexity). Depending on the action the project manager

8 Copyright © Fraunhofer IESE 2002



Table 3:

Description of the experiment

has chosen, additional options can be taken. Eventually, the project manager
finds a way to meet the planned deadline, e.g. by introducing code and design
inspections (cf. Principle 6 in Table 3).

The role-play is arranged in a way that the project manager can only succeed
when combining actions that relate to at least two of the principles listed in
Table 3. At the end of the role-play, a short discussion of the different possible
solutions is provided, explaining the advantages and disadvantages of each.

No. | Principle

1 “Finding and fixing a software problem after delivery is 100 times more expensive than
finding and fixing it during the requirements and early design phases.”

2 “You can compress a software development schedule up to 25 percent of nominal, but
no more.”

3 “Software development and maintenance cost are primarily a function of the number of

source lines of code (SLOC) in the product.”

“Variations between people account for the biggest differences in software productivity.”

5 “Software systems and products typically cost 3 times as much per SLOC as individual
software programs. Software-system products (i.e. system of systems) cost 9 times as
much.”

6 “Walkthroughs catch 60% of the errors.”

List of principles dominating project performance

It should be noted that the complex impact of actions taken during the role-
play by the fictitious project manager could not have been be calculated using
the COCOMO model. This is mainly due to the fact that the COCOMO model
does not (yet) fully cover the impact of effort or size changes on product qual-
ityl. The SD model used during the role-play has this capability, i.e., constraints
on product quality have an impact on project duration and effort consumption,
and vice-versa.

2.3.2 Treatment of the control group.

The control group passed only scenario blocks 1, 3, and 4. The predictive
model used in scenario blocks 3 and 4 was the intermediate COCOMO model.
A detailed description of the COCOMO model can be found in [2].

1 This shortcoming might be resolved soon. In [4] Ray Madachy and Barry Boehm announce the integration
of System Dynamics into COCOMO.

Copyright © Fraunhofer IESE 2002 9
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2.3.3 Differences between initial experiment and replication.

2.4

2.5

Table 4:

10

Since almost all of the participants of the initial study at the University of
Kaiserslautern stated that they did not have enough time for working through
the materials, more time was reserved for the treatment during the replication
at the University of Oulu. Another difference refers to the overall schedule of
the experiments. While the initial experiment at the University of Kaiserslautern
was conducted on two days with one week of time in between, the replication
at the University of Oulu was conducted on one single day.

Experimental design

For evaluating the effectiveness of a training session using SD model simula-
tion, a pre-test-post-test control group design was applied. This design involves
random assignment of subjects to an experimental group (A) and a control
group (B). The subjects of both groups pass a pre-test and a post-test. The pre-
test measures the performance of the two groups before the treatment, and
the post-test measures the performance of the two groups after the treat-
ment. By studying the differences between the post-test and pre-test scores of
the experimental group and the control group, conclusions can be drawn with
respect to the effect of the treatment (i.e. the independent variable of the ex-
periment) on the dependent variable(s) under study.

Experimental variables

During the experiment, data for three types of variables are collected. Table 4
lists all experimental variables, including one independent variable (X.1), four
dependent variables (Y.1, ..., Y.4), and three variables that represent poten-
tially disturbing factors (2.1, ..., Z.3).

Independent Variable

X.1 ‘ Type of treatment

Dependent Variables

Y.l Interest in software project management issues (“Interest™)

Y.2 Knowledge about typical behaviour patterns of software development projects
(“Knowledge™)

Y.3 Understanding of “simple” project dynamics (“Understand simple™)

Y.4 Understanding of “complex™ project dynamics (“Understand complex’)

Disturbing Factors

Z.1 Personal background (experience)

2.2 Time consumption / time need

Experimental variables

Copyright © Fraunhofer IESE 2002
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The conceptual model underlying the proposed statistical analysis assumes that
there are two separate effects on the dependent variables. On the one hand
the effect of the independent variable, and on the other the effect of addi-
tional potentially disturbing factors as shown in Figure 2.

2.5.1 Independent variables

The independent variable X.1 (type of treatment) can have two values, either
Ta, which is applied to the experimental group A, or Tg, which is applied to the
control group B. The difference between T, and Tg is basically determined by
two factors. The first factor is the training scenario according to which the
course material is presented. The second factor is the planning model that is
used to support software project management decision-making. Table 5 briefly
summarises the differences between the treatment of the experimental group
and the treatment of the control group, indicating the duration of the scenario
blocks applied, and providing information on the nature of the used planning
models. The duration is expressed in minutes, first for the initial experiment,
then for the replication.

Treatment T, Treatment Ty
Scenario Block 1 - (3’; 5%) Block 1 -(3’; 57)
Block 2 — (157; 307) n/a
Block 3 - (157; 307) Block 3 - (307; 60)
Block 4 — (12’; 157) Block 4 — (12’; 15")
PM model SD model: COCOMO model:
- behavioural (white box) - point estimates (black box)
- point estimates (black box)

Table 5: Differences between treatments

With regard to the scenario, the main difference consists in the application of
scenario block PM Role Play for treatment T,. As a consequence of performing
the scenario block PM Role Play, interaction of the trainee with the training
module will be high whereas treatment T, will only trigger low interaction of
the trainee with the training module. With regard to the model that is used
during the training session, treatment T, exclusively relies on a black-box model
providing point estimates, such as COCOMO. In contrast to this, by using a SD
simulation model, treatment T, is based on a white-box model that in addition
to point estimates facilitates insights into behavioural aspects of software pro-
jects.

Copyright © Fraunhofer IESE 2002 11



Description of the experiment

2.5.2 Dependent variables

The dependent variables Y.1, Y.2, Y.3, and Y.4 are determined by analysing
data collected through questionnaires that all subjects have to fill in, the first
time during the pre-test, and the second time during the post-test. Each ques-
tionnaire consists of 5 to 7 questions where answers have to be provided on a
uniform scale. The value of each dependent variable will then be equal to the
average score derived from the related questionnaire. The contents of the
guestionnaires are as follows:

* Y.1 (“Interest”): Questions about personal interest in learning more about
software project management.

* Y.2 (“Knowledge”): Questions about typical performance patterns of soft-
ware projects. These questions are based on some of the empirical findings
and lessons learned summarised in Barry Boehm’s top 10 list of software
metric relations [3].

* Y.3 (“Understand simple™): Questions on project planning problems that
require simple application of the provided PM models, addressing trade-off
effects between no more than two model variables.

e Y.4 (*“Understand complex™): Questions on project planning problems ad-
dressing trade-off effects between more than two variables, and questions
on planning problems that may require re-planning due to alterations of
project constraints (e.g. reduced manpower availability, shortened schedule,
or changed requirements) during project performance.

2.5.3 Disturbing factors

12

The values of the three potentially disturbing factors 2.1, Z.2, and Z.3 are also
derived from questionnaires that all subjects have to fill in. The questionnaire
for Z.1 must be filled in before the pre-test, the questionnaires for 2.2 and 2.3
have to be filled in after the post-test. The contents of the questionnaires are
as follows:

e Z.1: Questions about personal characteristics (age, gender), university edu-
cation (number of terms, major, minor), practical software development ex-
perience, software project management literature background, and pre-
ferred learning style.

e Z.2: Questions on actual time consumption per scenario block, and on per-
ceived time need.

e Z.3: Questions on personal judgement of the training session (subjective
session evaluation).

Copyright © Fraunhofer IESE 2002
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2.6 Experimental procedure

The initial experiment and its first replication were conducted following the
plan presented in Table 6. After a short introduction during which the purpose
of the experiment and general organisational issues were explained, data on
the background characteristics (variable Z.1) was collected with the help of a
guestionnaire. Then the pre-test was conducted and data on all dependent
variables (Y.1 through Y.4) was collected, again using questionnaires. Follow-
ing the pre-test, a brief introduction into organisational issues related to the
treatments was given. After that, the subjects were randomly assigned to ei-
ther the experimental or control group. Then each group underwent its specific
treatment. After having concluded their treatments, both groups passed the
post-test using the same set of questionnaires as during the pre-test, thus pro-
viding data on the dependent variables for the second time. Finally, the sub-
jects got the chance to evaluate the training session by filling in another ques-
tionnaire, providing data on variables Z.2 and Z.3. The time frames reserved for
passing a certain step of the schedule was identical for the experimental and
control groups. However, more time was reserved during the replication as
compared to the initial experiment (cf. columns “Experiment” and “Replica-
tion of Table 6).

The initial experiment was conducted in two days. On the first day, the steps
“Introduction to experiment”, “Background characteristics”, and “Pre-test”
were conducted, consuming a total of 40 minutes. On the second day, the
steps “Introduction to treatments”, ““Random assignment of students to
groups”, “Treatment™, ““Post-test™, and “Time need and subjective session
evaluation” were conducted, consuming a total of 90 minutes.

The replication was conducted in two parts on one day. The first part, includ-
ing the steps “Introduction to experiment”, “Background characteristics™, and
“Pre-test” were conducted, consumed a total of 45 minutes. The second part,
including the steps “Introduction to treatments”, “Random assignment of stu-
dents to groups”, “Treatment”, ““Post-test™, and “Time need and subjective
session evaluation™, consumed a total of 135 minutes. There was a break of
30 minutes between the first and the second part.

Copyright © Fraunhofer IESE 2002 13
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Table 6:

2.7

Experiment Replication
Introduction to experiment 5 5’
Background characteristics 5 5’
Pre-test
Interest 3 5’
Knowledge about empirical patterns 5 5’
Understanding of simple project dynamics 10’ 10’
Understanding of complex project dynamics 12’ 15
Introduction to treatments 5’ 5’
Random assignment of subjects to groups 5 5
Treatment 45’ 80’
Post-test
Interest 3 5’
Knowledge about empirical patterns 5 5’
Understanding of simple project dynamics 10’ 10’
Understanding of complex project dynamics 12’ 15’
Time need & subjective session evaluation 5 10’
Total 130° 180’

Schedule of experiment and replication

Of the 12 students that agreed to participate in the initial experiment, 9 stu-
dents participated in both pre-test and post-test. 5 students were assigned
randomly to the experimental group (A), and 4 students to the control group
(B). Of the twelve students participating in the first replication, 6 were assigned
randomly to the experimental group (A), and 6 to the control group (B).

Data collection procedure

The raw data for dependent variables Y.1 to Y.4 were collected during pre-test
and post-test with the help of questionnaires. The values for variable Y.1 (“In-
terest™) are average scores derived from five questions on the student’s opin-
ion about the importance of software project management issues (i) during
university education and (ii) during performance of industrial software devel-
opment projects, applying a five-point Likert-type scale [12]. Each answer in
the questionnaire is mapped to the value range R = [0, 1] assuming equidistant
distances between possible answers?, i.e. “fully disagree” is encoded as “0”,
“disagree” as ““0.25”, ““undecided” as “0.5”, “‘agree” as “0.75”’, and “fully
agree” as “1”.

14

2 This is a common assumption in experimental software engineering and social science.
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The values for variables Y.2 (“Knowledge™), Y.3 (“Understand simple™), and
Y.4 (““‘Understand complex”) are average scores derived from five (for Y.2),
seven (for Y.3), and six (for Y.4) questions in multiple-choice style. The answers
to these questions were evaluated according to their correctness, thus having a
binary scale with correct answers encoded as ““1”, and incorrect answers en-
coded as “0”. Missing answers were encoded like incorrect answers.

The raw data for disturbing factors were collected before pre-test (Z.1) and af-
ter post-test (Z.2 and Z.3). In order to determine the values of factor Z.1 (“‘Per-
sonal background™) information on gender, age, number of terms studied,
subjects studied (major and minor), personal experience with software devel-
opment, and number of books read about software project management was
collected. In order to simplify the analysis, the actual values for factor Z.1 even-
tually used for the statistical analysis were exclusively based on the normalised
average scores derived from the questions on the student’s personal experi-
ence with software development. Each of these questions could be answered
with ““yes” (encoded as “1”) or “no” (encoded as “0”). “Yes” indicated that a
certain type of experience was present, and “no”, that it was not present.
Therefore, simple adding of the scores per answer gives a measure of experi-
ence with a maximal score of 6 and a minimal score of 0. Dividing by the num-
ber of questions provides a normalised value range, i.e. range R = [0, 1].

The values for factor Z.2 are normalised average scores reflecting the *“time
need” for reading and understanding of the scenario blocks 1, 3, and 4, for
familiarisation with the supporting tools, and for filling in the post-test ques-
tionnaire. For group A, the variable Z.2’ includes also scores related to scenario
block 2. If a subject wants to express that more than the available time was
needed related to a certain task, then “yes” (encoded as ““1’") should be
marked, otherwise “no” (encoded as “0”’). Adding the scores and dividing
them by the number of tasks once again provides a normalised value range R =
[0, 1], with ““1”” indicating time need for all tasks and *“0” indicating the ab-
sence of time need.

The values for factor Z.3 (““Session evaluation™) are based on subjective meas-
ures reflecting the quality of the treatment. Again, for group A, the variable
Z.3’ includes scores related to scenario block 2. The subjective perception of
the treatment quality was evaluated with regard to four dimensions (““useful”
versus “useless™, ““absorbing’ versus ““boring”, “easy” versus “difficult”’, and
“clear” versus ““confusing’) using five-point Likert-type scales, e.g. “extremely
boring”, ““boring”, “undecided”, ““absorbing”, “extremely absorbing”. Similar
to variable Y.1, possible answers were encoded as “0”’, “0.25”, ““0.5”,
*0.75”, and “1” depending on whether the subjective judgement was very
negative, negative, undecided, positive, or very positive. By taking the average
of the values for all four questions the values for disturbing factors could be
mapped to range R = [0, 1].
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2.8

Figure 2:
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Data analysis procedure

The conceptual model underlying the proposed statistical analysis is inspired by
the work of Jac Vennix who conducted a similar experiment [25]. He assumes
that there are two separate effects on the dependent variables: On the one
hand the effect of the independent variable, and on the other the effect of
additional potentially disturbing factors (cf. Figure 2).

\ 4

Independent Variable Dependent Variables

X.1: Type of treatment Y.1: Interest

Y.2: Knowledge

Y.3: Understand “simple”
Y.4: Understand “complex”™

Disturbing Factors

Z.1: Personal background
Z.2: Time consumption / need
Z.3: Session evaluation

Relations between experimental variables

In a first step of the statistical analysis a t-test was used to investigate the ef-
fect of the independent variable X.1 on the dependent variables Y.1 to Y.4. For
testing hypothesis H, ;, a one-way paired t-test will be used, because the data
collected for this hypothesis is within-subjects, i.e. post-test scores are com-
pared to pre-test scores of subjects within the same group [22]. For testing hy-
potheses H,,, and H, »,, the appropriate test was a one-sided t-test for inde-
pendent samples [22].

In addition, analysis of covariance (ANCOVA) was applied for testing hypothe-
ses Hy ., and Hy,,, to improve the precision of the statistical analysis by remov-
ing potential bias due to disturbing factors [26]. Since these additional analyses
did not alter any of the results from the t-tests, the ANCOVA results are not
presented in this paper. The ANCOVA results for the initial experiment can be
found in [20].

A prerequisite for applying the t-test is the assumption of normal distribution
of the variables in the test samples. Therefore, a test to check this assumption
was conducted. While the results of the t-test are often robust against viola-
tion of the normality assumption it is strongly influenced by outliers in the data
sets. Hence, an analysis to detect the presence of outliers was performed.
Checking for the normality assumption showed that no normal distribution of
the variables in the test samples could be assumed. On the other hand, the
outlier analysis showed that all data points lie within the range of £2 standard
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deviations around the samples’ means, and in most cases even within the
range of £1.5 standard deviations around the samples’ means. Although no
outliers were detected, additional non-parametric tests were conducted to re-
confirm the findings of the t-tests. Since the additional tests (Wilcoxon
matched pair test for hypothesis H, ; and Mann-Whitney U test for hypotheses
Ho .22 and Hy ,p) did not yield any differences to the results of the t-tests, these
test results are not presented in the paper.

Ideally, researchers should perform a power analysis [6] before conducting a
study to ensure the experimental design will find a statistically significant effect
if one exists. The power of a statistical test is dependent on three different
components: significance level o, the size of the effect being investigated, and
the number of subjects. Low power will have to be considered when interpret-
ing non-significant results.

Usually, the commonly accepted practice is to set oo = 0.05. However, control-
ling a Type | error (o) and Type Il error () requires either a large effect size or
large sample sizes. This represents a dilemma in a software-engineering con-
text since much research in this area involves relatively modest effects sizes,
and in general, small sample sizes. As pointed out in [15], if neither effect size
nor sample size can be increased to maintain a low risk of error, the only re-
maining strategy — other than abandoning the research altogether — is to per-
mit higher risk of error. Since sample sizes were rather small in the initial ex-
periment and its first replication, and no sufficiently stable effect sizes from
previous empirical studies were known, it was decided to set o. = 0.1.

Effect size is expressed as the difference between the means of the two sam-
ples divided by the root mean square of the variances of the two samples [22].
For this exploratory study, effects where y> 0.5 are considered to be of practi-
cal significance. This decision was made on the basis of the effect size indices
proposed by Cohen [6].
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3 Experimental results

In the following sub-sections the descriptive statistics of the dependent vari-
ables and disturbing factors are summarised. Then, for each experimental hy-
pothesis the results of the statistical analyses are presented and briefly dis-
cussed.

3.1 Descriptive statistics

The column ““Pre-test scores™ of Table 7 shows the calculated values for mean,
median, and standard deviation of the raw data collected during the pre-test
of the initial experiment (E) and the first replication (R).

The column “Post-test scores’” of Table 7 shows the calculated values for
mean, median, and standard deviation of the raw data collected during the
post-test of the initial experiment (E) and the first replication (R).

The column ““Difference scores’ of Table 7 shows the calculated values for
mean, median, and standard deviation of the differences between post-test
and pre-test scores of the initial experiment (E) and the first replication (R). The
gray cells in the table indicate that the difference between average post-test
scores and average pre-test scores is zero or even negative, i.e., based on aver-
age data no (or even negative) relative learning effect was observed. This phe-
nomenon occurred two times during the initial experiment (variables Y.4 (A)
and Y.1 (B)) and three times during the first replication (variables Y.4 (A and B)
and Y.2 (B)). Possible reasons for these unexpected outcomes are discussed in
Section 3.6.

E: initial experiment — KL

Pre-test scores Post-test scores Difference scores

Group A (5 subj.)

Y1 |Y2|Y3|Y4 Y1 |Y2| Y3 |Y4 | Y1 |Y2|Y3|Y4

Mean(score,(A))

0.69 | 0.56 | 0.31 | 0.37 | 0.79 | 0.84 | 0.66 | 0.43 | 0.10 | 0.28 | 0.34 | 0.07

Median(score,(A))

0.75 | 060 | 0.29 | 0.33 | 0.85 | 0.80 | 0.71 | 0.33 | 0.10 | 0.40 | 0.43 | 0.00

Stdev(score,(A))

0.18 | 0.30 | 0.26 | 0.25 | 0.19 | 0.17 | 0.13 | 0.32 | 0.09 | 0.36 | 0.28 | 0.19

Group B (4 subj.)

Y1 |Y2|Y3|Y4 Y1 |Y2| Y3 |Y4 VY1 |Y2| Y3|Y4

Mean(score,,(B))

0.81 | 050|043 |033|0.79 |060|0.82|0.46 |-0.03|0.10 | 0.39 | 0.13

Median(score,(B))

0.78 | 0.50 | 0.36 | 0.25 | 0.80 | 0.60 | 0.86 | 0.50 | 0.00 | 0.10 | 0.50 | 0.17

Stdev(score,(B))

0.13 | 0.26 | 0.31 | 0.24 | 0.19 | 0.16 | 0.07 | 0.37 | 0.09 | 0.35 | 0.38 | 0.34

18
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R: first replication — Oulu
Pre-test scores Post-test scores Difference scores
Group A (6 subj.) Y1 |Y2 Y3 |Y4 | YT |Y2|Y3|Y4|Y1|Y2)|Y3]|Y4a
Mean(score,,.(A)) 0.83 | 0.57 | 041 | 044 | 085|097 | 0.67 | 0.44 | 0.03 | 0.40 | 0.26 | 0.00
Median(score,(A)) 0.88 | 0.60 | 0.43 | 0.42 | 0.85 | 1.00 | 0.57 | 0.50 | 0.03 | 0.40 | 0.14 | 0.00
Stdev(score,,(A)) 0.14 | 0.23 | 0.11 | 0.23 | 0.15 | 0.08 | 0.27 | 0.09 | 0.07 | 0.28 | 0.25 | 0.24
Group B (6 subj.) Y1 |Y2 |Y3|Y4 | Y1 |Y2|Y3|Y4|Y1|Y2)|Y3]|Y4a
Mean(score,,(B)) 0.70 | 0.47 | 0.33 | 0.33 | 0.78 | 0.43 | 0.74 | 0.33 | 0.08 |-0.03 | 0.41 | 0.00
Median(score,(B)) 0.73 1 0.40 | 0.36 | 0.25 | 0.83 | 0.40 | 0.79 | 0.33 | 0.08 | 0.00 | 0.43 | 0.08
Stdev(score,(B)) 0.18 | 0.21 | 0.17 | 0.30 | 0.21 | 0.15 | 0.17 | 0.24 | 0.13 | 0.32 | 0.19 | 0.45
Table 7: Scores of dependent variables (E and R)

Table 8 shows the calculated values for mean, median, and standard deviation
of the raw data collected for the disturbing factors during the initial experi-
ment (E) and the first replication (R).

In the initial experiment, there could be observed a difference between stu-
dents in the experimental group (A) and the control group (B) regarding ex-
perience with software development (Z.1). This difference could not be ob-
served in the first replication.

E: initial experiment — KL
Group A Z1 z2 2.2, zZ3 Z.3g,
Mean 0.48 0.44 0.2 0.41 0.68
Mediang 0.4 0.4 0 0.38 0.69
Stdev 0.23 0.46 0.45 0.09 0.26
Group B ZA1 z.2
Mean 0.6 0.35
Mediang 0.6 0.3
Stdev 0.23 0.19

R: first replication — Oulu
Group A Z1 z2 2.2, zZ3 Z.3g,
Mean 0.61 0.17 0 0.35 0.82
Mediang 0.8 0.2 0 0.38 0.82
Stdevy 0.43 0.15 0 0.20 0.17
Group B ZA1 Z.2
Mean 0.62 0.25
Mediang 0.57 0.25
Stdev 0.28 0.19

Table 8: Scores of disturbing factors (E and R)
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Table 9:

In the initial experiment, students in the control group (B) expressed less need
of additional time (Z.2) for conducting the treatment and passing the tests
than did students in the experimental group (A). Probably due to the fact that
in the first replication more time was available for the treatment, in both
groups the request for more time to conduct scenario blocks 1, 3, and 4 de-
creased below the values of the control group in the initial experiment. This is
also true when looking at the time need expressed by students of the experi-
mental group with regards to conducting scenario block 2 (Role Play / Z.2;,).

Finally, in both initial experiment and first replication, students in the control
group on average perceived their treatment easier, clearer, more absorbing,
and more useful (Z.3) than the students in the experimental group. This evalua-
tion, however, relates only to those scenario blocks that are conducted by both
groups, i.e. blocks 1, 3, 4. When looking at the evaluation of scenario block 2
(Role Play / Z.3g,) separately, high scores can be observed for the initial experi-
ment, and even higher scores for the first replication (cf. Table 9 for detailed
evaluation results).

Group A (E) Useful Absorbing Easy Clear
Mean, ,s, 0.75 0.6 0.65 0.7

Median ; g, 0.75 0.5 0.75 0.75
Stdev; 5, 0.31 0.29 0.22 0.27
Group A (R) Useful Absorbing Easy Clear
Mean , s, 0.88 0.85 0.79 0.75
Median ; g, 0.88 1.00 0.75 0.75
Stdev; 5, 0.14 0.22 0.19 0.27

Subjective evaluation of Scenario Block 2 (E and R)

3.2  Hypothesis H,,

20

Table 10 shows for each group (A and B) separately the initial experiment’s (E)
results of testing hypothesis H, , using a one-tailed t-test for dependent sam-
ples. Column one represents the dependent variable, column two the size of
the effect detected, column three the degrees of freedom, column four the t-
value of the study, column five the critical value for oo = 0.10 (as discussed in
Section 2.8) which the t-value has to exceed to be statistically significant, and
column six provides the associated p value.
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Group A (5 Subjects)
Variable Y df t-value Crit. ty g p-value
Y.l 1.07 4 2.39 1.53 0.04
Y.2 0.77 4 1.72 1.53 0.08
Y.3 1.23 4 2.75 1.53 0.03
Y.4 0.35 4 0.78 1.53 0.24
Group B (4 Subjects)
Variable Y df t-value Crit. ty o p-value
Y.l *x 3 -0.58 1.64 **
Y.2 0.29 3 0.58 1.64 0.30
Y.3 1.05 3 2.09 1.64 0.06
Y.4 0.37 3 0.73 1.64 0.26
Table 10: Results for “post-test™ vs. “pre-test” (E)

By examining columns four and five of Table 10, one can see that group A
achieved significant results for dependent variables Y.1, Y.2, and Y.3, and
group B for dependent variable Y.3. It is worth noting though that the values
for dependent variable Y.4 support the direction of the expected positive learn-
ing effect in both groups, however without showing an effect size of practical
significance. In addition, for group B, values for dependent variable Y.2 also
support the direction of the expected positive learning effect, but again with-
out showing an effect size of practical significance. The values for variable Y.1
do not even support the direction of the expected learning effect in group B.

Group A (6 Subjects)
Variable Y df t-value Crit. ty g p-value
Y.1 0.36 5 0.89 1.48 0.21
Y.2 1.41 5 3.46 1.48 0.01
Y.3 1.06 5 261 1.48 0.02
Y.4 kel 5 -0.00017 1.48 *x
Group B (6 Subjects)
Variable Y df t-value Crit. ty o p-value
Y.1 0.56 5 1.58 1.48 0.09
Y.2 el 5 -0.25 1.48 **
Y.3 0.65 5 5.22 1.48 0.0017
Y.4 0.00 5 0.00 1.48 0.50
Table 11: Results for “post-test” vs. “pre-test” (R)
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3.3

Table 12:

22

Table 11 shows for each group (A and B) separately the first replication’s (R)
results of testing hypothesis H, , again using a one-tailed t-test for dependent
samples. One can see that that group A achieved significant results for de-
pendent variables Y.2, and Y.3, and group B for dependent variables Y.1 and
Y.3. It is worth noting though that the values for dependent variable Y.1 sup-
port the direction of the expected positive learning effect in group A, however,
without showing an effect size of practical significance. The value for variable
Y.2 do not even support the direction of the expected learning effect in group
B, and the values for variable Y.4 do not even support the direction of the ex-
pected learning effects in both groups. As a consequence, in the replication,
no further testing of hypothesis H,, was done for this variable.

Hypothesis HO,2a

Table 12 shows the initial experiment’s (E) results of testing hypothesis H, ,, us-
ing a one-tailed t-test for independent samples.

Group A versus B
Variable Y df t-value Crit. ty o p-value
Y.l 1.38 7 2.06 1.42 0.04
Y.2 0.51 7 0.75 1.42 0.24
Y.3 *x 7 -0.23 1.42 kel
Y.4 *x 7 -0.33 1.42 kel

Results for “performance improvement” (E)

For significance level o = 0.1, the score difference between post-test and pre-
test for variable Y.1 is significantly larger in group A as compared to group B,
and thus hypothesis H, ,, can be rejected. It can also be noted that the values
of variable Y.2 support the direction of the expected relative learning effect,
showing a medium to large effect size. The values for variables Y.3 and Y.4 do
not even support the direction of the expected relative learning effect.

Table 13 shows the first replication’s (R) results of testing hypothesis Hy ,,. As
can be seen, only the score difference of variable Y.2 is significantly larger in
group A as compared to group B, and thus hypothesis H, ,, can be rejected for
this variable. For variables Y.1 and Y.3 the values do not even support the di-
rection of the expected relative learning effect. No useful analysis could be
conducted for variable Y.4, because no difference between post-test and pre-
test groups could be observed neither in group A nor in group B.
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3.4

Table 14:

Table 15:

Experimental results

Group A versus B
Variable Y df t-value Crit. ty g p-value
Y.l *x 10 -0.98 1.37 *x
Y.2 1.43 10 2.48 1.37 0.02
Y.3 *x 10 -1.13 1.37 *x

Results for “performance improvement” (R)

Hypothesis HO,2b

Table 14 shows the initial experiment’s (E) results of testing hypothesis H 5, us-
ing a one-tailed t-test for independent samples.

For significance level o = 0.1, the post-test scores of variable Y.2 are signifi-
cantly larger for the experimental group (A) as compared to the control group
(B), and thus hypothesis H, ,, can be rejected. It can also be noted that the val-
ues of variable Y.1 support the direction of the expected absolute learning ef-
fect, however, only with a very small effect size. The values for variables Y.3
and Y.4 do not even support the direction of the expected absolute learning

effect.
Group A versus B
Variable Y df t-value Crit. ty o p-value
Y.1 0.01 7 0.02 1.42 0.49
Y.2 1.45 7 2.16 1.42 0.03
Y.3 el 7 -2.28 1.42 falad
Y.4 el 7 -0.11 1.42 falad

Results for “post-test performance” (E)

Table 15 shows the first replication’s (R) results of testing hypothesis H, ,, using

a one-tailed t-test for independent samples.

Group A versus B
Variable Y df t-value Crit. ty g p-value
Y.l 0.36 10 0.63 1.37 0.27
Y.2 4.40 10 7.63 1.37 0.000009
Y.3 *x 10 -0.56 1.37 *x

Results for “post-test performance” (R)

As in the initial experiment, the post-test scores of variable Y.2 are significantly
larger for the experimental group (A) as compared to the control group (B),
and thus alternative hypothesis H, ,, can be rejected. It can also be noted that
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the values of variable Y.1 support the direction of the expected absolute learn-
ing effect, again without showing an effect size of practical significance. The
values for variable Y.3 do not even support the direction of the expected abso-
lute learning effect. No useful analysis could be conducted for variable Y.4, be-
cause no difference between post-test and pre-test groups could be observed
neither in group A nor in group B, and thus differences in post-test scores are
irrelevant for evaluating the absolute learning effect.

3.5 Qualitative Results

In addition to filling in the pre-test and post-test questionnaires and the ques-
tionnaires about potential disturbing factors, the participants of the case stud-
ies had the chance make comments or improvement suggestions, and could
raise issues or problems that they encountered during the treatments. Apart
from some improvement suggestions related to technical aspects of the role-
play and tool usage, comments and problem statements mainly supported the
findings of the quantitative analyses. Positive comments mainly correlated with
the high scores for scenario block 2 in the subjective evaluation of the experi-
mental group. In addition, positive statements were made about the clarity of
the presentation of the COCOMO model and its usefulness. Negative com-
ments or problem statements mainly addressed the difficulty of understanding
the structure of the SD model, and the lack of time for getting acquainted with
the tools, for working through the treatments, and for answering the ques-
tions in the pre-test and post-test questionnaires. The time issue, however, was
less prominent during the replication.

3.6  Analysis summary and discussion

24

Table 16 shows the main results of the initial experiment and its first replica-
tion. Only the results for comparing relative and absolute learning effects be-
tween the experimental and control groups are shown for each dependent
variable (testing of null hypotheses H, ,, and H, ,,, respectively). Since there was
no positive difference between post-test and pre-test scores within both
groups in the replication, no results of the comparison between groups are
shown for variable Y.4.

In behavioural research, meta-analysis techniques are used for comparing and
combining results from different studies. The benefit of meta-analytic proce-
dures is that by combining the results of a number of studies, one can increase
the power of the statistical analysis. This enables one to identify effects that
could escape the scrutiny in a single study with much lower statistical power.
Meta-analytic techniques are based either on p-values or effect sizes. To make
a step in this direction and include both, p-values as well as effect sizes, in the
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discussion, the hypothesis testing results of each study were classified as fol-
lows:

« Statistical significance (sta. sig.): null hypothesis could be rejected at signifi-
cance level oo = 0.1.

= Practical significance (pract. sig.): null hypothesis could not be rejected but
effect size y> 0.5.

» Positive effect (+): no practical significance could be observed but effect size
v > 0. The number in parentheses indicates how many subjects would have
been needed to achieve statistical significance with the given effect size.

< No effect or negative effect (-): t-value <0.

The grey shaded fields indicate for each study which learning effect was
stronger, the relative learning effect (hypothesis HO,2a) or the absolute learn-
ing effect (hypothesis HO,2b). When discussing the results of both studies in
combination, two main trends can be observed. First, there is no indication
that the experimental group performs better than the control group with re-
gard to understanding of simple and complex project dynamics (variables Y.3
and Y.4). Second, there is strong support for the expectation that subjects in
the experimental group perform better than subjects in the control group with
regard to knowledge about empirical patterns in software projects (variable
Y.2), and there is weak support for the expectation that subjects in the ex-
perimental group show higher interest in software project management than
subjects in the control group (variable Y.1).

The findings of the analyses showed several interesting trends. First, both
treatments involving the SD model had a positive impact on the change of
scores from pre-test to post-test for dependent variables Y.1 to Y.3. The effect
was statistically significant for Y.2 and Y.3. For Y.1, in the replication, the
power of the test seemed to be too low to be able to detect the effect at the
selected significance level oo = 0.1.

Second, the outcomes of hypothesis testing of learning effectiveness indicate
that treatment involving the SD model is significantly better regarding variable
Y.2. Regarding variable Y.1 the positive results of the initial treatment could
not be observed in the replication.

Variable Experiment Replication
H0,2a H0,2b H0,2a H0,2b
Y.1 stat. sig. + (1000) - + (56)
Y.2 pract. sig. stat. sig. stat. sig. stat. sig.
Y.3 - -

Results for Hy ,
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Though positive, the second result might be related to the inclusion of the role-
play (scenario block 2) exclusively for the experimental group (A). Inclusion of
the role-play, on the other hand, imposed additional time pressure on the sub-
jects in the experimental group, which might have resulted in low scores for
guestions related to dependent variables Y.3 and — particularly — Y.4. Although
more time was allowed during replication, and the values for time need were
lower than in the initial experiment, qualitative results from the replication still
support this subjective feeling of time pressure. Hence, a further replication
should allow even more time for executing scenario blocks 2 (PM Role Play)
and 3 (PM Planning Models), and for the familiarisation with the simulation
tool. Moreover, the experimental treatment, as it is now, does not yet fully ex-
ploit all potentially available features that learning through SD model usage
and SD model building could offer. This relates to the fact that SD models not
only make causal relationships explicit and allow for variation of the strength of
the relationships, but also offer means to change the structure of these rela-
tionships and make the effects of such changes on project performance visible
through simulation.

A closer look at the nature of the applied treatments also proposes an im-
proved experimental design for future replications. The inclusion of a role-play
(scenario block 2) in the experimental treatment had two consequences. As
mentioned before, the role-play in scenario block 2 provided information on
typical patterns of software project behaviour to subjects in group A, which
was not given in such an explicit form to group B subjects. This might explain
why group A subjects had clearly better scores for variable Y.2 than group B
subjects. On the other hand, group B subjects had more time than group A
subjects to read and understand the information provided in scenario block 3
(PM Planning Models) because they did not have to perform a role-play. This
might explain why group A subjects did not have better scores for variables Y.3
and Y.4. Another reason for difficulties of the experimental group with vari-
ables Y.3 and Y.4 might be that the presentation of the SD model in scenario
block 3 was too hard to grasp, due to the high complexity of the model struc-
ture. Some subjects mentioned this issue in the debriefing questionnaires.
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4  Threats to validity

This section discusses the various threats to validity of the study.

4.1 Construct validity

Construct validity is the degree to which the variables used in the study accu-
rately measure the concepts they purport to measure. The following issues as-
sociated with construct validity have been identified:

1. The mere application of a SD model might not adequately capture the spe-
cific advantages of SD models over conventional planning models, since it
has often been claimed that model building — and not the application of an
existing model — is the main benefit of SD simulation modelling [11].

2. Interest in a topic and evaluation of a training session are difficult concepts
that have to be captured with subjective measurement instruments. To
counteract this threat to validity in the studies, the instruments for measu-
ring variables Y.1 and Z.3 were derived from measurement instruments that
had been successfully applied in a similar study [25].

3. There are indications that the distinction between “simple dynamics” and
“complex dynamics”, as it was made for measuring variables Y.3 and Y.4
(cf. Section 2.5.2.), was too simplistic.

4. It is difficult to avoid “unfair”” comparison between SD models and
COCOMO, because SD models offer features that per definition are not a-
vailable for COCOMO (e.g. simulation of parameter changes over time / on-
the-fly modification of model assumptions, etc.). In addition, only scenario
block 2 explicitly provides information about typical behaviour patterns of
software projects, because this is an important prerequisite for conducting
the role-play. Since exclusively subjects of the experimental group perform
scenario block 2, subjects of the control group might be disadvantaged.

4.2 Internal validity

Internal validity is the degree to which conclusions can be drawn about the
causal effect of the independent variable on the dependent variables. Potential
threats include selection effects, non-random subject loss, instrumentation ef-
fect, and maturation effect.
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1. A selection effect was avoided by random assignment of subjects. In additi-

on, existing differences in ability between groups were captured by collec-
ting pre-test scores and by measuring the level of experience of subjects
through variable Z.1. Any potential bias induced by differences in pre-test
scores and experience were tried to be neutralised by using ANCOVA.

. Non-random drop-out of subjects has been avoided by the experimental de-

sign, i.e. assignment of groups only on the second day of the experiment,
i.e. directly before the treatment, and not before the pre-test already on the
first day of the experiment.

. The fact that the treatments of group A and B were different in the number

of scenario blocks involved and, as a consequence, in the time available to
perform each scenario block, may have induced an instrumentation effect.
The post-mortem evaluation of the experiment with regard to time requi-
rements indicated in the initial experiment that most subjects of group A did
not have enough time to execute both scenario blocks 2 and 3. Due to mo-
re relaxed schedules, this effect could be reduced. In addition, — even
though this was addressed by careful design — the planning models used in
both treatments might slightly differ in scope and handling.

. A maturation effect could have been caused if subjects had been informed

before or during pre-test that at the end of the experiment they will pass a
post-test with exactly the same questions. Since this information was not
given to the subjects, and all materials were re-collected after the pre-test, it
can be assumed that a maturation effect did not occur.

4.3  External validity
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External validity is the degree to which the results of the research can be gen-
eralised to the population under study and other research settings. Two possi-
ble threats have been identified: subject representativeness and materials:

. The subjects participating in the experiment were all students in computer

science or related fields at an advanced level. It can be expected that the re-
sults of the study are to some degree representative for this class of sub-
jects. Any generalisation of the results with regard to education of novice
students, or even with regard to training of software professionals should
be done with caution.

. Even when the training sessions are applied to students, adequate size and

complexity of the applied materials might vary depending on previous
knowledge about SD modelling and COCOMO.

In any case, the point should be emphasised that the presented research at its
current stage is exploratory of nature and just the first step of a series of ex-
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periments, which — after modification of the treatments and stepwise inclusion
of subjects with different backgrounds — might yield more generalisable results
in the future.
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Conclusion

5 Conclusion

The empirical studies presented in this paper investigated the effect of using a
System Dynamics (SD) simulation model to assist software project management
education of computer science students. The treatment focused on problems
of project planning and control. The performance of the students was analysed
with regard to four dimensions, i.e., interest in the topic of software project
management (Y.1), knowledge of typical project behaviour patterns (Y.2), un-
derstanding of simple project dynamics (Y.3), and understanding of complex
project dynamics (Y.4). This was done by comparing the test results of stu-
dents who passed a training session using the SD model (with web-based role-
play) to the test results of students who passed a training session using the
COCOMO model (without web-based role-play). Although the two studies
seem to be heterogeneous, the findings of the initial experiment were corrobo-
rated by the first replication. SD models increase the interest of the subject in
software project management and also improve a subject’s knowledge of typi-
cal behaviour patterns. Hence, SD models represent a viable path for learning
multi-causal thinking in software project management. This was supported by
the subjective evaluation of the role-play scenario involving simulation with the
SD model, which received very high scores.

Although the results of the two studies are promising, further replication is re-
quired for two reasons. First, a single study even if replicated only provides a
starting point for investigation. In this case, the studies were exploratory in na-
ture. Based on the presented results, a further replication should consider the
examination of cause/effect relationships. And second, each empirical study
exhibits specific threats to validity, which can only be ruled out by replication.
An additional replication of this study is currently planned.

6  Acknowledgement

30

Part of this work was funded by the European Union under grant IST-1999-
11634.

Copyright © Fraunhofer IESE 2002



References

References

[1] Abdel-Hamid, T. K., and Madnick S. E. 1991. Software Project Dynamics —
an Integrated Approach. Prentice-Hall.

[2] Boehm, B. W. 1981. Software Engineering Economics. Englewood Cliffs:
Prentice-Hall.

[3] Boehm, B. W. September 1987. Industrial software metrics top 10 list. /EEE
Software: 84-85.

[4] Boehm, B. W., Abts, C., Brown, W. A., Chulani, S., Clark, B. K., Horowitz,
E., Madachy, R., Reifer, D. J., and Steece, B. 2000. Software Cost Estima-
tion with COCOMO II. Upper Saddle River: Prentice Hall PTR.

[5] Briand, L. C., Bunse, C., Daly, J. W., and Differding, C. 1997. An Experi-
mental Comparison of the Maintainability of Object-Oriented and Struc-
tured Design Documents. Empirical Software Engineering. 2(3): 291-312.

[6] Cohen, J. 19882 Statistical Power Analysis for the Behavioral Sciences, Aca-
demic Press.

[7] Drappa, A., and Ludewig, J. 1999. Quantitative modeling for the interactive
simulation of software projects. Journal of Systems and Software. 46: 113-
122.

[8] Forrester, J. W. 1971. Principles of Systems. Cambridge: Productivity Press.

[9] Graham, A. K., Morecroft, J. D. W., Senge, P. M., and Sterman, J. D. 1992.
Model-supported case studies for management education. European Jour-
nal of Operational Research. 59: 151-166.

[10] Kellner, M. I., and Hansen, G. A. January 1989. Software Process Model-
ing: A Case Study. Proc. 22nd Annual Hawaii Int’l Conf. System Sciences.

[11] Lane, D. C. 1995. On a Resurgence of Management Simulation Games.
Journal of the Operational Research Society. 46: 604-625.

[12] Likert, R. 1932. A technique for the measurement of attitude. Archives of
Psychology. 22(140).

[13] Lin, C. Y. May 1993. Walking on Battlefields: Tools for Strategic Software
Management. American Programmer. 33-40.

Copyright © Fraunhofer IESE 2002 31



References

32

[14] Lin, C. Y., Abdel-Hamid, T., Sherif, J. S. 1997. Software-Engineering Proc-
ess Simulation Model (SEPS). Journal of Systems and Software. 38: 263-
277.

[15] Lipsey, M. 1990. Design Sensitivity. Sage Publications.

[16] Madachy, R., and Tarbet, D. June 1999. Case Studies in Software Process
Modeling with System Dynamics. Proc. 2nd Software Process Simulation
Modeling Workshop (ProSim’99). Silver Falls, Oregon.

[17] Milling, P. March 1995. Managementsimulation im ProzeRR des Organisa-
tionalen Lernens [Organisational Learning and its Support by Management
Simulators]. Zeitschrift fir Betriebswirtschaft, Ergdnzungsheft (supplement)
3/95: Lernende Unternehmen. 93-112. (Also available at URL
http://iswww.bwl.uni-mannheim.de).

[18] Morecroft, J. D. W. 1988. System dynamics and microworlds for policy-
makers. European Journal of Operational Research. 35: 301-320.

[19] Pfahl, D., Klemm, M., and Ruhe, G. 2001. A CBT module with integrated
simulation component for software project management education and
training. Journal of Software and Systems. 59: 283-298.

[20] Pfahl, D., Koval, N., and Ruhe, G. April 2001. An Experiment for Evaluat-
ing the Effectiveness of Using a System Dynamics Simulation Model in
Software Project Management Education. Proc. of 7th International Soft-
ware Metrics Symposium. London, United Kingdom, 97-109.

[21] Richardson, G. P., and Pugh, A. L. 1981. Introduction to System Dynamics
Modeling with DYNAMO. Cambridge: Productivity Press.

[22] Sheskin, D. J. 1997. Handbook of Parametric and Nonparametric Statistical
Procedures. Boca Raton: CRC Press.

[23] Smith, B. J., Nguyen, N., and Vidale, R. F. May 1993. Death of a Software
Manager: How to Avoid Career Suicide through Dynamic Software Process
Modeling. American Programmer. 10-17.

[25] Vennix, J. A. M. 1990. Mental Models and Computer Models — design and
evaluation of a computer-based learning environment for policy-making.
PhD Thesis, University of Nijmegen.

[26] Wildt, A. R., and Ahtola, O. T. 1978. Analysis of Covariance. Newbury

Park: Sage Publications. Sage University Paper Series on Quantitative Appli-
cations in the Social Sciences, series no. 07-012.

Copyright © Fraunhofer IESE 2002



Document Information

Title:

Date:
Report:
Status:

Distribution:

An Externally Replicated
Experiment for Evaluating
the Learning Effectiveness
of Using Simulations in
Software Project Manage-
ment Education

January 29, 2002
IESE-004.02/E
Final

Public

Copyright 2002, Fraunhofer IESE.

All rights reserved. No part of this publication may
be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means includ-
ing, without limitation, photocopying, recording,
or otherwise, without the prior written permission
of the publisher. Written permission is not needed
if this publication is distributed for non-commercial

purposes.



