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Abstract

This paper presnts an empiricd dudy aming to evduae the goplication of sysem
dynamics modds in software project management. In this dudy, a project concering the
gpecification and implementetion of pat of an academic control sysem for a graduate
depatment was proposed for severd paticipants. The project was decomposed into an
activity network and severd developers were available to accomplish the activities.

Each paticipant was asked to impersonate as the project manager. Paticipants should
make decisons in order to finish the project in the amdles time as possble Such decisons
incduded assgning the avalable devdopers to project activities (according to developer’s
skills and ectivity's requirements), deciding how many hours developers should work per day,
and how much time to invest in quaity assurance activities. Since a red project could not be
initiated for eech participant, a software project emulator was developed, where participants
andyzed the project status and enacted their decisons.

Haf of the eghteen participants managed the project based only on ther persond
knowledge and experience, while the second haf was dlowed to use sysem dynamics modes
to support ther decisons. The results from the experimenta sudy andyss show thet, for the
sected paticipants, managers usng Sysem dynamics modds to support their decison
perform better than managers who base their decsions only upon persond experience. In this
paper, we present detalled results from the experimenta study and some directions to improve
the gpplication of sysem dynamics modds in project manegement that where highlighted
during the execution of the study.

K EYWORDS. empirical dudies, Smulation tools, project management

1 Introduction

The devdopment of lage software sysems is a complex undeteking. High cost and
schedule overruns are frequent in the software development industry (Standish Group, 1994).
The recurring falures to produce large sysems within planned schedule and budget have
often been asocided to management problems, such as bad communication, maformed
teams, and unrdliable risk andlyss (Brown, 1996).

Project management is a knowledge intensve activity. Managers use their skills and
experience to make decisons while a software development process is executed. It is wel
accepted that experienced managers usudly perform better than novice managers due to the



experience they have accumulaied by teking part in past projects and the knowledge acquired
from this experience. As proposed by the “recognitionprimed decison modd” (Klein, 1998),
managers tend to keep a collection of patterns in their minds and compare these patterns to the
current context when making decisions.

Senior managers generdly make this assessment mentdly. They congruct a menta
modd of the project, crestle mentd modds for the problems and opportunities under
invedigation, and scan ther pattern repogtory for adequate actions to be taken againgt the
problems or to explore the opportunities However, mentd modds ae limited by the humen
mind's ability to cope with multiple didinct factors So, mentd modds ae usudly smple
(Stermen, 1988), conveying only afew mgor components and the rel ationships among them.

In project management, where severd rdaed components, complex dynamics, multiple
feedback loops, and delays between actions and ther effects ae present (Sterman, 1992),
ample modds may incur in erroneous interpretation of a sysem's behavior. So, there is a
need for explicit representations for mentd modds. Our hypothess is that system dynamics
can help in the development of these models (Barros et ., 2000).

This paper presents the results of an experimentad andyss tha evduaed if system
dynamics modds can hdp software project managers to support the decisons they make
during project development. The experimentd study was accomplished within the context of a
mgor deveopment effort, which ams to define a management paradigm, known as scenario
based project management, which is bassd on usng sysem dynamics modds to support
management decisons before gpplying them to a project under development.

The paper is divided in five sections. The firs one comprises this introduction. Section 2
briefly presents the scenario based project management paradigm and its mgor atifacts
Section 3 describes the experimentd study that evduates the application of system dynamics
modds on project management. Section 4 presents rdated works. Findly, we draw some
concluding remarks and future work directions in Section 5.

2 Scenario Based Project Management

Scenario based project management is a project management gpproach that uses sysem
dynamics modds to describe the knowledge possessed by senior managers in a way that the
effects provided by applying this knowledge upon a specific project can be quantitetively
evduaed and presented to less experienced managers. The paradigm ams to share senior
managers knowledge by providing modds that document it. Also, it ams a quantifying the
subjective  information regarding  software  project  management, dlowing the precise
evaudion of the expected effects of actions taken while managing a project.

The scenario based project management paradigm is centered on two atifects the project
and scenario modds. The project modd defines the expected behavior for a software project,
while scenario models represent Situations thet may arise during its development process.

The project modd depicts the activities tha must be peformed during the project
devdopment, the team tha mug accomplish these activities, the resources to be consumed,
and the software artifacts that will be created and transformed aong the process.

Scenario models represent  uncertain events, management  theories, policies, actions, and
drategies that can be applied or imposed to the project. Since some of these practices are vdid
for severd projects, scenaio models convey reusable project management  knowledge.
Scenario models are devel oped by experienced managers and stored in a scenario repository.

While planing a software project, a maneger fird builds a proect modd for the
goplication to be developed. Next, the manager searches and retrieves the relevant scenarios
in the devdopment context, that is, scenarios that describe knowledge related to the required
activities, artifacts to be built, and the personnd that forms the devdopment team. Findly, the
manager executes an iterative andyss, where these scenario models are integrated into the



project modd. The integration process occurs within a smulation environment, in which the
impact provided by esch scenario upon the proect modd behavior is evduaed. As
devdopment unfolds, the project modd is updated with gdatus information and new scenario
andysis can be carried out to test project sengbility to these scenarios.

Both project and scenaio modes ae forma <oftware project modds They ae
represented usng syslem dynamics. However, sysem dynamics modds ae traditiondly
described through mathemdicad equations, which are hard to underdand and adapt, inhibiting
its use to dexribe large and complex software projects The proposed project modd is
described in a highlevd language that provides condructors such as activities, developers,
resources, and atifacts These condructors are detailed in a domain modef, which dlows
ther trandaion to sysem dynamics equations. Such language hdps modd deveopment,
without losng representaion and dmulation capabiliies  Further  information about  doman
modds and their trandation process to sysem dynamics equaions can be found in (Baros e
d., 2000; Baroset d., 2001).

Smulaion dlows a proect maneger to evduate the behavior of a project modd. The
project’'s high-levd destription is trandated to mathemdicd equations, which are cdculaed
dong seved dmulaion runs Such equations describe how project results (cost, schedule,
qudity, and 0 on) evolve over time. When a scenario is integrated to a project modd, its
mathematicd formulations blend with the origind project modd equations, usudly modifying
the eguations that affect project results. So, project modds integrated with scenarios may
present different behavior when smulaed. By dmulating the project modd, annotating the
smuldion results integreting the project modd with a scenario modd, smulating it again,
and comparing both smulation results a manager can observe the impact provided by the
scenaio upon a project result (sengtivity andyss). Detaled information about scenario
models and their integration to project moddsis presented in (Barros et d., 2002).

3 Experimental Analysis

After devedoping the theory behind scenario based project management, the tools
required to build and integrate scenario and project modds, and defining some scenaios
based on informetion taken from the software engineering literature, we planned an empirica
feadhility andyss to evduae the proposed agpproach. In this section, we summarize the
results of this study.

In a feesbility dudy, daa is collected according to some experimentd design, but full
control over dl possble vaiables is not achieved (Shull et d., 2001). This kind of empiricd
dudy usudly ams to provide researchers with enough information to judify continued
improvement of the techniques under andyss In the current dudy, we emphaszed
functiondity and usgfulness sdting usability as a secondary god. Also, we focused on
applying scenarios for project manegement, ingeed of building new scenarios because we
wanted to provide some evidence of scenario modds efficacy before investing effort in better
scenario and project modd devel opment tools.

The feashility dudy reported in this section was accomplished during a graduate
software engineering course in the Winter 2001 a the Systems Enginering and Computer
Science Depatment of the Federd Universty of Rio de Janero (COPPE/UFRJ). The
paticipants of the proposed experimentd andyss were Students of the referred course,
sudents from a graduate software engineering program and students from an undergraduate
computer science department. Of the eghteen (18) subjects, thirteen (13) were master degree

L A domain model describes the relevant dements that compose a modeling domain and the relationships among
them. Each eéement is composd by properties and behavior. Properties are vaues that parameterize element
behavior, which is described by system dynamics equations (Barros et ., 2001).



Suderts, four (4) were doctora students, and one (1) was an undergraduate student. Eight (8)
ubjects had been project leaders in indudrid projects, while three (3) subjects had been
leeders in academic projects, and seven (7) subjects had not been project leaders neither in
academy nor in indugtry. From the later seven subjects, three (3) had participated in indugtrid
projects, three (3) had developed software as pat of coursawork, and one (1) had developed

software only for personne uses. Table 1 summarizes subject’s informetion.

Table 1— Detailed information about the experiment participants

ID | Haveused modds? = Formation Development Experience | Leadership Experience |
1 Yes MSc Industry (3y ears) Industry (1 year)
2 Yes DSc Personal use None

3 Yes MSc Academy (6 projects) Academy

4 Yes MSc Academy (3 projects) None

5 Yes MSc Industry (0,5 year) Academy

6 Yes MSc Industry (3 years) Academy

7 Yes MSc Industry (2 years) None

8 Yes DSc Industry (2 years) Industry (1 year)
9 Yes MSc Academy (2 projects) None

10 No MSc Industry (3 years) None

11 No Undergraduate Academy (1 project) None

12 No DSc Industry (10 years) Industry (4 years)
13 No DSc Industry (3 years) Industry (2 years)
14 No MSc Industry (4 years) Industry (2 years)
15 No MSc Industry (4 years) Industry (2 years)
16 No MSc Industry (1 year) None

17 No MSc Industry (4 years) Industry (2 years)
18 No MSc Industry (10 years) Industry (2 years)

The expeimentd andyss amed to obsave whether managers who used system
dynamics modds to support their decison would perform better than managers who rdied
only on ther experience and other techniques. The sdected performance criterion was time to
conclude a project: managers were asked to concdude their project in the less time possble
We acknowledge thet time to conclude a project may not be the most important aspect for a
software project. However, it was sdected as performance criteria because we needed a
quantitative metric to compare the participant’s performance (others could have been chosen,
such as project codt, project quality, and so on). Our null hypothesis® states that the average
time to concdlude the proposed project of subjects usng system dynamics modds is equd to
the average time to conclude the project of subjects not usng these modds Our dterndive
hypothess’ daes that the average time to conclude the project of subjects usng system
dynamics models is below the average time to conclude the prgect of subjects not usng these
modds. Also, we intended to quditaivey evduae the feashility and usefulness of usdng
sysem dynamics modes in project management.

The study was planned as a single object, multi-test experiment (Wohlin et d., 2000). In
a dngle object multrtes experiment, two or more groups andyze the same object, each
aoplying a different gpproach. In the proposed experiment, the subjects were randomly
assgned into two groups one to use sysem dynamics modes and one to serve as a control
group, accomplishing the sudy without the aid provided by the modds Two (2) doctord
dudents and seven (7) meder degree dudents composed the first group. The remaining
subjects were assgned to the second group. Five (5) subjects from the firs group hed

%The null hypothesis is the statement that the experimental study aims to refute.
$Thealternative hypothesisisthe statement that negates the null hypothesis.



leedership experience in academic or indudtria projects Sx (6) subjects from the second
group had such experience. Table 2 summarizes participants distribution among groups.

Table 2 —Participants distribution among groups

_ Subjects not usng models
DSc Student 2 2
M Sc Student 7 6
Undergraduate 0 1

Each subject was asked to manage a software project, without the intervention of other
subjects. The project to be managed amed to devdop pat of the Sysems Enginesring and
Computer Science Department’s academic control system (CirlPESC). This sysem manages
information about professors, sudents, research aress, disciplines, and course regidrations. It
is a smdl sysem, comprisng about 67 adjusted function points’ (Pressman, 2000; IFPUG,
1999). Subjects from the fird group were traned to use sysem dynamics modds and a
smulaion environment, while subjects from the second group only receved a project
debriefing.

Snce we intended to run a feeshility andyds the cost of executing a red project with
amilar characteridics (team formation, team doman knowledge, activities to be performed,
amnong others) for eech subject was prohibitive. So, a project emulator was used. The
emulator is a software sysem that controls and presents to its user a project’s behavior,
adjugting it according to decisons taken by the users. The emulator dictates project behavior
according to a modd and a random generaion engine, which defines the duration for each
project activity (durations are represented stochadticdly in the mode). Due to the engine's
sochadtic features, each subject observed ditinct activity durations.

Decison points where subjects could act induded: determining the developer to assign
for each project activity, deciding how much time to spend in qudity control activities, and
defining the number of hours eech devdoper should work per day. The subjects from the first
group could test the proect senshility for their decisons in the sSmulaion environment
before applying them to the project emulaor. Time was not a condraint on deciSorHmeking
for both groups the subjects spent as much time as they desred in andyss before applying
ther decisons to the project emulator. After goplying ther decisons, the subjects could
indruct the emulator to advance project time by severd days, observing the effectiveness of
their decisons upon the project behavior.

All subjects received the project emulator, conveying a process for the CtrlPESC project
and the descriptions of a sat of developers tha could take part on the software project team.
All subjects received a brief description of the project. Subjects usng system dynamics
modds ds recaved the smulaion environment, a project modd, and a st of scenarios
modds, built from knowledge presanted in the technicd literature, mogly from (Jones, 2000)
and (Abdel-Hamid and Madnick, 1991).

Quedionnaires were used to collect quditative data that charecterized each digtinct
subject and directly addressed the quedtions of feesibility and usefulness. The quditative data
induded openended quedions concaned with opinions aout the modds  effectiveness,
measured by confidence on whether subjects could condude the project in less time without
ther ad, and a subjective evduation aout the modds usefulness and the difficulties
regarding the interpretation of their results The project emulaior gathered quantitative

4 “Function points’ is a metric that measures the size of a software project based on its inputs, outputs, internal
file structure, and interfaces. For information systems developed in high-leved languages, such as Pascd or C, a
function point can be approximately compared to 100 lines of code.



information about each subject peformance, that is the time that each subject took to
conclude the CtrIPESC project, measured in days.

After collecting quantitative performance data, we have conducted a two-phased outlier
dimingion procedure. Frd, a quditaive andyds diminated one subject that used system
dynamics modes (46 days) because the subject declared that he committed errors during the
dudy. Then, a T didributionbased cut was used to quantitetively diminaie extreme vaues
(Freund and Perles, 1999). This type of extreme vadue dimination procedure is useful when
we have smdl samples and cannot assume that the population is normaly digributed. Tede 3
presents the data points after extreme vadue diminaions. Eliminaed vadues are crossed and
itdiced.

Table 3- Time taken by each subject to accomplish the example project (after extreme value elimination)

39days 38 days 25 days 18days 28 days 37 days
25 days 25 days 27 days 42 days 31 days 33 days
30 days A6-days 27 days 35 days 5idays 58days

Snce we ae interested in verifying differences among averages, we sdected average
evduation daidica techniques to andyze the results from the experimentd study. The data
in Teble 3 except for the outliers, was submitted to a 95% T-test® (Freund and Perles, 1999)
that concluded that the average time to conclude the project for subjects who used sysem
dynamics modds was less than the average time taken by the ones who did not use such
modds. A MamnWhitney (Wohlin & d., 2000) rank-based datisticd andyss asserted the T-
test results. Tdde 4and Table 5 summarize the andysis results.

Table 4— Analysis results for the experimental study

Project Concluson Time
Average

Maximum

Minimum

Standard deviation

Subjectsusng models

Subjectsnot using models

Table 5— Intermediate results from the T-test (Freund e Perles, 1999)

T-Test upon Project Conclusion Time (95%)

Sd Devidion Ty Fresdom T Distribution Result (To<-T)
4,79 '2.32 1 2120 Muiout models = Mw/models

The quanttitative data from this sudy showed that subjects usng the sysem dynamics
modds peformed better than subjects not usng them. Also, dl subjects from the firg group
agreed that the models were helpful. Thus, the data and postive results drawvn from it show
some indications that the sysem dynamics based project and scenario moded integration and
smulation techniques are feasible and that they provide help fa project managers.

The quditative data indicates that the research upon the techniques is not concluded. The
guestionnaires returned by subjects from the firg group indicate that three (3) subjects had
difficulties interpreting the results produced by the gmulaor. So, the gSmulaion
environment's  user interface should be improved. Also, though the experimenta Sudy
yielded pogtive results, we found some points where it could be improved, induding:

5 A T-test is a datistica analysis procedure based on the T distribution that compares if the averages of two
groups are the same (to a degree of certainty, such as 90% or 95%) in the lights of their variances.



Allowing subjects from the fird group to use the Smulaor in a “toy” project during
the training sesson. The current training sesson included only a brief presentation of
the smulator. Four subjects from the firsd group required more training to effectively
use the proposed techniques and the Smulatar environment;

Providing training on how to use the project emulator for subjects from both groups.
Since support from the study organizers was required by severd subjects, a traning
section that shows subjects how to use the emulator would be beneficiat

Presanting the dynamics that govern the modes used in the experimentd study during
the traning sessons One subject from the fird group wes confused with some
technicd terms used in the dudy, while two subjects from the same group were
concerned about quaity assurance ectivities,

Perfecting the mechanisms that present smulation results to the user. Three subjects
from the fird group proposed improvements for the Smulation environment, modly
involving enhancements in Smulation results visudizaion.

4 Related Works

Severd models were developed to represent the dynamics of managing a software project
(AbdetHamid and Madnick, 1991; Lin and Levay, 1989; Lin & 4. 1997, Pfhd and
Lebsanft, 1999), but only few experimentad andyss were peformed to evaduaed if such
modds help project managers in the decisons they make aong a devel opment project.

Mae and Siohhecker (1996) developed a dudy to invedtigate if management flight
smulators could support the decisons made by ther uses A management game, named
LOBSTER, was usad in the dudy. Four groups each composed by three students, competed
in a dynamic marke and had to detemine whether to invest in equipments, research, and
devdopment. Other decisons induded price definitions, marketing invesments, and daff
hiring policdes. Two groups used the management game and a Smulaor, while the remaning
groups, which usad only the management game, were trested as control groups. Enterprise
profits or losses after a predefined number of smulation steps were taken as the performance
criteria to compare didtinct groups. Due to the smdl sample, experimentd results could not be
datidicaly vdidaed: profits from the groups that used the smulaor were not as different
from profits achieved by the control groups as required by daidica tests. However, the
quantitative results from the experiment show indications that groups that took decisons
based on the smulator performed better than the control groups.

Drappa and Ludewig (2000) planned and executed a case study and a controlled
experiment to evduae if sudents could improve therr project management abilities by using
software project models. The subjects were asked to answer a questionnaire and prepare a
plan for a proposed software project. Next, subjects were dlowed to run severd smulaions
udng rue-baesed modds tha described example software projects (in the controlled
experiment, a control group was not dlowed to run these amulations). Findly, subjects were
requested to fulfill another questionnaire and prepare a new project plan. By comparing the
first and the second project plans and the number of correct answer in both questionnaires, the
authors inferred if there was ability improvement due to modd smulaions In the controlled
experiment, the authors compared the results in both groups to evauate if improvements were
due to the smulations. As it hagppened in the preceding experiment, the results reported for the
cae dudy and the controlled experiment were not Saidicaly conclusve the group that used
smulations and the control group had shown very smilar performance.



5 Conclusons

This paper described an experimental sudy thet evaluated if system dynamics modes can
hep project managers by supporting the decsons they make during a software development
process execution. Eighteen subjects paticipated in the experimenta andyds, impersonating
as the manager for a proposed software project. The subjects where divided into two groups.
The fird group received sysem dynamics modds that could be used while managing the
proposed project. Subjects from the second group were asked to manage the project based on
thelr experiences, without usng sysem dynamics modds. In average, paticipants from the
firsd group peformed better than participants from the second group. So, experimenta results
show indications that sysem dynamics models can be useful to support the decisons taken by
project managers.

Since the experimentd study was planned as a feeshility andyss, amed to judify effort
investments in the proposed techniques research, next seps regard the refinement of the
scenario based project management paradigm. Current reseerch focus includes the definition
of more complex scenario modds and goplying them to operaiond project management
gtuations. As the results of the firsd experimenta study had proposed, there is a need for
improvements in the tools that currently support the project and scenario modds integration
and smulation techniques. Alsg we intend to provide better tools to hdp scenario and project
modd devel opment.

Findly, more experiments are planed to explore sysem dynamics modd gpplicaion to
software project management. Currently, we are executing the experiment described in this
paper in an academic-industriad  setting® in order to verify if the condusion from the first
andyss can be dravn from a different context. Future pgpers will show a comparison from
both experiment gpplication results.
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