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Abstract. It 1s widely recognised that the guality of Object Oriented Seftwa
Systems (O0S3) must be assessed from the early stages of then development.
.00 Conceptual models are key artifacts produced at these carly phases, which
cover not only static aspecls but also dynamic aspects. Therefore, focusing on

=, quality aspects of conceptual models could centribute to produce betier quality
00SS. While guality aspects of structural diagrams, such as class diagrams,
have being widely researched, the quality of behavioural diagrams such as
statecharl diagrams have been neglected. This fact leaded us 1o define a set of
metrics for measunnyg their siructural complexity. In order to gather empirical
evidence that the structural conplexity of statechart diagrams are closed with
their understandability we caitied out a controlled experimen! in a previous
work. The aim of this paper s o present a rephication of that experinent. The
findings obtained in the replication corroborate the results of the first
experirent in the sense that at some extent, the number of transitions, tie
number of states and the pumber of activities influence statechart diagrams
understandability.

1 Introduction

Nowadays the idee that “measuring quably is the key to developing hgh-quality OO
software” 38 gaining rclevance [41). and it is widely recognised that the qualhty of
0O08S nmst be assessed from the carly stages of then development. Conceptual
modelling has becorne @ key wask of thuse early stages because it provides the sohid
foundation for OOSS dusign and nmplemeniation. The proof of this 1v that most of
approaches towards O0SS development, like OMT [40], Catalysis [17], Rational
Unified Process {39], OPEN [23], ¢ic. have considered conceptual modelling as an
ntegral part.

As eatly available, key analysis artifacis the guality of the conceptual models are
crucial to the success of QOSS development. Therefore, the quality of concepiual
models could have a significant iropact on the quality of QOSS, which is ultimately
implemented and must be evaluated, and if needed improved.

Modelling OOSS with the Unified Modeling Language (UML) [33] the static
aspects at conceptual level are mainly represented 1o siruciural diagrams such as class
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diagrams, whilst dynamic aspects are represented in behavioural diagrams such as
stalechart  diagrams, activily diagrams, sequence diagrams and  collaboration
diagrams. In this work we only focus on quality aspects of statechart diagrams.

Maintainability has become one of the software product quality characteristics [27]
that software developiment organisations are more concerned about since it is the
wjor resource consumer of the whole software life cycle. But we are aware that
maintainability is an “exiernal quality atuibute” that can only be evaluated once the
product is fimished or nearly finished. Therefore, it is necessary to have early
indicalors of such qualities based, for cxample, on the stuctural properties of
statecharl diagrarns [4], such as their structural complexuy.

Cant ct al. {13] have proposed a general cognitive moede! of software complexity
that elaborates on the impact of structure on undersiandability. In the core of this
model s a hwman memory model and there is some belief within the sofiware
engincering community that this model is a reasonable point of departure for
understanding the impact of structaral properties on understandability. The theoretical
basis for developing guantitative models relating structural complexity and external
quality attributes has been provided by Briand et al. [5). It is the basis for much
empirical research in the area of software artifact structural properties [18], [19], [38].
We asswe in this work a similar representation to hold for statechart diagranms. We
implement the relationship between the structural complexity on the one hand, and
external guality attributes on the other hand (see figure 1), We hypothesized that the
structural properties (such as structural complexily) of a UML statechart diagram
have an impact on ils cognitive complexity. By cognitive complexity e mean the
mental burden of the persons who have 1o deal with the artifact (e.g. developers,
testers, maintainers). High cognitive complexity leads to an artifact reduce their
understandability and this conduce undesirable external gualities, such as decreased
maintainability,
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Fig. 1. Relationship between structural properties, cognitive complexity, understandability and
external quality allribuies |5]

To assess the situchwal complexity of statechant diagrams in an obje: iive and
quamiitaiive way it 1s ngcessary to dispose of metuics, avoiding thus bias in the guahty
evaluation ptocess.

After having thoroughly revicwed existiag works about metrics, which measute
quality aspects, for UML diagrams we found several works related to metrics for
suuctural diagrams such as class diagrams {7], {14], |22], [24], [30], [31]. However,
there is little reference to metrics for behavioural diagrams such as statechart
dlagrams m the existing literature. One of the first approaches towards the definition
of metrics {or behavicural diagrarns can be found in [16], where metrics were applied
to statechart diagrams developed with OMT [40]. Yacoub et al. {46] proposed
structural complexity and coupling metrics for measuring the quality of dynamic
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executions, Metrics were defined basing in concepts as Petri Net and McCabe's
cyclomatic suwuctural complexity and were apphed 1o simulated scenarios in Real-
Time Object Modelling (ROOM) [43]. Peels and Dedene {357 defined structural
complexity mmetrics for event-driven OO0 conceptual models using MERODE {44].
These proposals of metrics have not gone beyond the definition step. A far as we
know, there 15 no published works related to their theoretical 2n empirical validation
(except Poels and Dedene who perforsued the theoretical validation). Therefore, and
as was pointed out in {8], [9], [10], {38} the definition of metrics for diagrams that
capiure dynamics aspects of OOSS it is an interesting topic for future investigation.
This facl motivated us to define meirics Tor behavioural diagrams, starting with
mietrics for measuring the structural complexity of UML statechart diagrams.

According some suggestions about “how to define vahid metries” [6], [12] we Lave
followed a process consisting of three main tasks: metric defimtion, theoretical
vahdation and empirical vahdation.

For the defmition and the theoretical validation of the metrics {25) we followed the
DISTANCE framework [36], [37], which asswres the theoretical validity of the
defined metrics, 1.e., that they measure the atiribute they intend to measure. By means
of the usage of the DISTANCE framework we could also assure that the proposed
metrics are characterised by the ratio scale type, which as Zuse [47) pointed outitis a
main concern when defining metrics for sofiware artifacis.

Lanpirical validation 1s crucial for the success of any software measurement project
[3], [21], [28]. {42]. A proposal of metrics bas not value if their practical use is not
demonstrated erpirically, either by meuns of case studies taken from real projecis or
by controlled experiments. Therefore, our main motivation i¢ 1o investigate, through
expertmentation, if the metrice we proposed in [25] for UML statechart diagram
structural complexizy are r1elated to statechart diagrams understandability. We
performed a previous controlled experirnent [25], pursuing a similar objective.
However simple studier rarely provide definite answers and it 1s also necessary to
accumulate the matenal of many studies {3], [32], 1o obtain stronger findings.
Iollowing this purpose the main objective of this paper is 1o show how we cary cut a
replication of that previous experiment.

This paper is orgauized in the following way: Section 2 presents & proposal of
mietrics for the suuctural complexity of UML statechart diagrams. A rephication of 2
previous controlled experiment for empincally validating the proposcd metrics 1s
presented in section 3. The comparison of the resulis of the previous expuniment with
tlus replication is presented in Section 4. Finally section 5 shows the conclusions and
some hnes, which are still open {or further investigation.

2 A preposal of metrics for UML statechart diagrams stractural
complexity

Tthe statcchart diagram structural complexily is determuned by the different
clements that compose i, such as states, transitions, activitics, etc. As Fenton point
[20], 1t is not advisable 10 define a single metric for the structural complexity of UML
statcchart diagrams since a single mewric of structural complexity cannot capture all

129






Empirical Vulidation of Metrics for UML Statechart Diagrams

130

possible aspects or viewpoinis of structural complexity. So several metrics were
aefined, each one focusing on a different stalechart diagram ejement (see table 1)

[25].

Table 1. Metnies for UM

[ Metric Nawe

L siatcchart diagram structural complexity

Metric definition

NUMBLR OF ENTRY ACTIONS |

The total number of entry actions, i.c. the actions

| (NEntryA) performed each tirne a state jsemtered.
NUMBER OF EXIT ACTIONS|The total number of exit actions, iec. the actions
ANExitAy performed each time a stale is left. e

ANUMBER OF ACTIV['HE*S (NA}

| statechart diagram

The total number of activitics (dohchvrty) in the

' NUMBER OF STATES (NS)

The total number of s.tmplc states, con‘ndemw also thc,
simple states within the composies states.

"NUMBER OF TRANSITIONS (NT)

The total number of tiansitions, considering common
transitions (the source and the target states are different), |
the initial and final transittons, self-transitions (the
source and the target state is the same), interral *
transitions (transitions inside a state that responds to an
event but without leaving the state).

e e et e o

A relevant property of the proposed metrics is that they are simple and case W
autornate, which are, as Fenton and Neil [22] remark in a recent paper related to the
future of softwate mettics, desirables properties for software metrics.

2.1 An cxample

INow, we will apply the oatlined mctrics to the example shown in figure 2.
The vaiues of the metrics applied to the UML statechart diagiam shown in figure 2

appear in table 2.
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Fig, 2. Statechart chagram of a phone call
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Tabie 2. Metric valucs for the statechart diagram shown in figure 2

vA [ NExiA [ WA | NS ] RT ]
0o | 9 13

3 Replication of 2 controlied cxperiment

In this section we describe 2 rephication of an experiment we have carried out to
enpinically validale the proposed metnics as carly understandability indicators [25).
We have followed some suggestions provided in {43, {29]. [35], [45] on how 1o
perform controlled experiments and have used (with enly minor changes) the format
proposcd by Wohhin et al. [45] to describe 3t

3.1 Prefinition

Using the Goal-Question-Metric {GQM) template [1], [2] for goal definition, the goal
of the experiment is:

Analyse UML  statechart  diagrams  structural
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complexity metrics

For tlie purpose of Evaluating

With respect o The capability of being used  as
understandability indicators of the UML
statechart diagrams

From the point of view of  OOSS designers

In the conext of Undergraduate students in the third year
of Computer Science in the University of
Custilla-La Mancha

3.2 Planning

Afier the definition of the experiments (why the expeniment is conducted), the
planning teok place. The planning 1s preparation for how the experiment is conducted
and includes the following activities:

@

Context selection. The context of the experim: 1t is a group related to the area of
Sofiware Engineering at the uvaiversity, and hence the experiment is run-off line
{not in an industrial sofiware development environmeit).

The subjects were twenty students enrolled in the third-year of Computer Science
at the Department of Computer Science in the University of Castilla-La Mancha in
Spuin.

The experiment is specific since it focuses on UML statechart diagram structural
complexity wetrics, The abilily to generalise from this specific context is further
claborated below when we discuss threats to the experiment, The experiment
addresses a real problem, ie., which indicators can be used to assess the
understandability of UML statechart diagram? To this end it investipales ilie
correlation between metrics and understandability.

Selection of subjects. The subjects are chosen for convinience, 1.¢. the Subjects are
students that have medium experience in the design and developnent of OOSS.
Variables selection. The independent variable s UML staiechart diagram
structural complexity. The dependent varable is UMIL statechart diagram
understandabilily.

Insirumentation. The objects used in the expernment were 20 UML staiechant
diagrams. The imdependent variable was measured by the roetrics presented in table

2. 'The dependent varable was rocasured by the time the subject spent answering

the questionnaire aftached to each diagram. We called that time “understandability

time”.

EHypothesis formulaiion. An important aspect of experiments is 1o know and to

state 1n a clear and formal way what we intend to evaluate in the experiment. This

leads us to the formulation of the following hypotheses:

- Null hypothesis, H,» There is no significant correlation between the UML
statechart diagrams structural complexiiy ietrics and the understandability
time.

— Alternative hypothesis, H;. There is a significant correlation betwoen the UML
slatechart diagrams structural complexity raetrics and the understandability
time.
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¢ bxperiment desipn, We selected a within-subject design experiment, ice. all the
questionnaires hac to be solved by each of the subjects. The subjects were given
the tesis i different order.

3.3 Operation

1t s in this phase where measurements are collecied including the following activitics:

¢ Preparation. At the time the experiment was done all of the students had taken &
cowrse on Software Engineering, in which they learnt In depth how 1o design
OO0SS using UML, Moreover, the subjects were given an intensive lraining session
befor  the experiment took piscing. However, the subjects were not awarc of what
aspects we inlended to study. Neither they were informed about the actual
hypotheses stated.
We prepared the material we handed to the subjects, which consisted of a guide
explaining the UML statechart notation and 20 UML statechart diagrams. These
diagrams were telated 1o different universes of discourse that were easy enough to
be understood by each of the subjects. The structural complexity of each dlag1 &IT 18
different, covering a broad range of the metrics values (see table 3):"Bach diagiam
had a test enclosed, which includes a questionnaire in order to evaluate if the
subjects really understand the content of the UML statechart diagrarus. Bach
questionnaire contained exactly the same number of questions (four) and the
questions were conceptually similsr and were written in identical order. Each
subject had 1o write down the tirac he started answering the questionnaire and at
the time they finished. The difference between the twe 1s what we called the
understandability time (cxpressed in seconds).

¢ Fxecution. The subjects were given all of the material described m the previous
paragraph. We explained to them hov 1o cairy out the experiment. Each subject
hiad to carry out the test alone and there was 2 teacher supervising the execution of
the experunent. We collected all of the data with the undesstandabibity thme
calculated from the responses of the experiments.

¢ Data Validation., Once the data were collected, we controlled i the tesis werc
completed and if the guestions have been answered correetly. All the tests were
considered valid because all the guestions were correctly answered.

Yable 3. Metnic values for cach UMIL statechart diagram

[ Y R | Mean of the
NEntryA | NexitA NA NS NY understandability

— A (seconds)
oL T T 1298 "
Doz 1 0 3 1 4 7 124.4
D03 2 0 21 4 7zl
| D04 0 0 2 4 13 1954
D035 3 2 2 4 13 129.4
D06 6 6 0 6 13 ] 1348
| DJ7 1 0 1 5 11 169.6
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DY | 0o 1 1 0o 2 6 | 1089 )
[ D20 | 0 0 0 | 5 {12 99.5 i

3.4 Analyses and Interpretation

First we summarized the data collected for each diagram. We had the metric values
and we calculated the mean of the subjects’ understandability time for each statechart
diapgram (see 1able 3). We want to analyse these data in order to test the hypotheses
formulated in section 3.2. For this purpose we used the Statistical Package for Social
Sceience (SPSS).

We apphed the Kolmogrov-Sinirnov test to asceriain 1f the distribution of the data
coliected was normal. As the data were non-normal we decided to use a non-
pararneiric est hike Spearman’s correlation cosfficient, with a level of significance «
= 0.05, which means the level of confidence is 95% (i.c. the probability that we reject
Hy when H, is false is at Jeast 95%, which is statistically acceptable). Each of the
mictrics was correlated separately 1o Lue mean of the subjects’ understandability time
{see table 4).

Table 4. Speaimar’s correlation between metrics and understandability titne

r NEntryA | NExithA | MA | NS [ NT |
Undersiandability ime | - 0.046 | - 0346 | 0.517 | 0575 | 0.850
p-0.85 | p-014 | p-0.02 | p=0.01|p=0.07 |

For a sample size of 20 (mean values for each diagram) and o = 0.05, the
Speatman cat-off for accepting Hy is 0.44 {61, [26]. Because the computed Speanman's
carrelation coefficients for metrics NA, NS and NT (see table 4), are above this cut-
off and the p-value < 0.05, the null hypothesis H,, is rejected. Hence, we can conclude
that there is a significant correlation between NA, NS and N'T metrics and subjects’
undersiantability time.
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3.5 Validity evaluation

We will discuss the various issues that threaten the validity of the empirical study and.

the way vee atiemnted Lo alleviale them:

L]

Threats te Conclusion Valigity. The conclusion validity defines the extent 1o
which conclusions ave statistically valid. The only issue that could affect the
statistical validity of this study is the size of the sample data (20 values), which
perhaps are not enough for both parametric and non-parametric statstic test {6].
We arc awarc of this, so we will iry to obtain bigger sample data through more
expelnmentanon.
Thrests to Construet Validity. The construct validity is the degree to which the
mdependent  nd  the dependent variables are accurately measured by the
measurenzent mstrarents used in the expernment.
We proposed an objective measwre for the dependent  varnable.  the
understandability time, i.c., the time cach subject spem answering the guestions
related 1o each diagram, that 1t is considered the time they need to understand it. So
we consider the understandzbility tiae could be considered a measure
constructively valid. ‘
The construct validity of the metrics used for the independent variable is
guaranteed by Poels and Dedenc’s framework {36], [37], used for their theoretical
validation [25]. ,
Threats to Internal Validity. The inernal validity is the degree of confidence ina
cause-cffect relationship Letween factors of mterest and the observed results.
The analysis performed here is correlational in nature. We have demonstrated that
several of the metrics investigated had 2 stetistically and practically significant
relationship  with  understandabibity. Such  statistical relationships do  not
demonstiate per se a cansal relationship. They only provide empirical evidence of
it. Only conwolled experiments, where the metrics would be varied in a controlled
manaer and all other faciors would be held constant, could really demonstrate
causality. However, such & controlied experiment would be difficult to run ¢ince
varyig structural complexity in 2 system, while preserviog its functionality, is
difficult in practice. On the other hand, it is difficult to imagine what could be
alternative explanations for our results besides 2 relationshup belween siructural
complexity and undersiandability.

‘The following issues have also been doalt with:

- Differences among subjects. Using a within-subjects desipn, e3ror variance duc
o differences ¢ ong subjects it reduced. Ay [4] remarks du o softwarc
enginecring experuments when dealing with small samples, vanations in
pariicipant skills are & mgjor concern that s difficult to address folly by
randomisation or blocking. In this experiment, studeuts had the same degree of
experience in modelling with UMIL.

- Knowledge of the wniverse of discourse among staiechart diegrams. The
statechar! diagrams were from different universes of discourse butl they were
general enough to be easily understood by cach of the subjects. In this way,
knowlcedge of the domain does not affect internal validity.
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~ Precision in the time values. Subjects assuined the responsibility of writing the
time they began and finished answering each quustionnaire. Really, we have to
trust them.

— Learning effecis. All the tests in eech cxperisnent were put i a different order,
to avold learning cffects. Subjects were required and controlled to answer in the
order in which the tests appearcd,

~ Fatigue effects. On average the experiment Jasied for less than one hour, so
futigue was not very relevant. Also, the different order of the tests helped to
cancel out these effects.

~ Persistence effects. In order to avoid persistence effects, the experiment was run
with subjects who had never done a similar experiment.

- Subject motivation. A}l the siudents who were involved in this experiment have
participated voluntarily, in order to help us in our rescarch. We motivated them
10 participate in the cxperitnents, explaining that similar tasks could be done in
GXams or practice.

— Other factors. Plagiangm and influence between subjects have been controlled

. by the person who supervised the execanon of the experiment.
¢ Threats to ¥xternal Validity. External validity is the degree to which the research’
results can be generalised to the population under study and other research settings.

The greater the external vahdaily, the more the results of an empirical study can be

ceneralised to aciual software engineering practice.

Two threats o validity lrave been identified which limit the ability to apply any

such generalisation: ‘

- Materials and tasks used. In the expernent we tied 0 use statechart diagrams
and tasks, which can be representative of real cases.

- Subjects. To solve the difficulty of obtaining professional subjects, we used
students with medium experience on designing O0SS with UMI.. We are aware
that more experiments with practitioners and professionals must be catried out
in order to be able to generalise these results. However, in this case, the tasks to
be perforrmmed did not require high levels of indwustrial experience, so,
experiments with students could be appropriate [3].

3.6 Presentation and Package

As the diffusion of experimental data 13 important {or the external replication of the
ezperinents {11] we have put all of e material of this experiment onto the websiic
hup://alarcosinf-crachn.es.

4 Comparison with the results of a previous experiment

The most important difference between the previous experiment we carried out and
this replication is the subjects who participaie In thera, In the first experiment the
subjects were teachers and advanced students an the final year of computer science;
whilst the subjects that performed this replication were third-year students,
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Comparing the findings of both experiments (scc lables 4 and 5) we realized that
they are similar. This mcans that the metiics KA, NS and NT are 1o some exient
correlated with the undesstandability tine of UML statechaci diagrams.

Tabde & Spearman’s corrclation betweer mistrics and undersiundability time in the previoas

expenrnent
e IMEntryA [ NEXiA | NA | NS | NT |

“Understandsbility time | 0.215 | 0285 | 0.483 | 6.500 0.605)
p=045 | p=0.28 | p=0.03 | p=0.02 | p=6 _

Nevertheless, despite the encouraging resulis obtained we still consider them as
preliminarics. Further replication, both internal and exiernal [11], is of course
necessary @nd also new experiments nust be carried out with practitioners who viork
in software developroent  organizations, Only after performing 2 family of
experiments you can build an adeguate body of knowledge 1o exiract useful
measurernen! conclusions repardiug the use of OO0 design metnics 1o be applied iy real
measurement projects {3}, [5]

To improve our empxrlca] suxdlcs it is necessary to increase the difference between
the values of the metrics. This opiion could lead to more conclusive results about the
metrics and their relationship with the factor we are trying 10 control.

Another wuy 1o enhance the vahdity of the resulis is by working with data
obtained from industrial environments, for gathering 1cal evidence that the metrics we
presented can be used as early statechart diagram undersiandability indicators.
However, the scarcity of such data continues to be a g,reat problem s¢ we must find
other ways to tackle validating metrics. Brito e Abreu et 2l [8]. [9], [10] suggested the
necessity of a public repository of measurement experiences, which we think would
be & good step towards the success of all the work done on sofiware measurement. It
will possible to do that when moic “real data” on systems developed using UMIL 1s
available, which is the challenge of most of the researchers v this arca.

5 Conclusions and future work
Given the relovance that maintainability assurance is gaining in the carly phases of the
QOSS development, it 1s necessary 1o have gnantitative instrumems that {focus on
msasuning quality ziiributes of early artifacte, covering both structure] dizgraros and
beliavioura! diagrams, The lack of measurement work related to behavioural dagrams
lead us 1w begih defining metrics for UML statechari diagrams.

With the bypothesis that the structural complexity of UML statechurt diagrams
raay influence their understandabibity (and therefore in their muiateinabiliy), we
defived a sct of metrtcs for the stractural complexty of UML statechart duagrains
[25). This hypothesis was empirically corroborated by a contrelled expeniment we
carried out before. In order to emphasise these 1esults we carried out & replication,

which was thoroughly described in the corrent work.
"~ As a result of all the experimental work, we can conclude that the metrics NA, NS
aund NT seern 1o be highly correlated with the understandability of UML statechart
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diagrams.  Despite of this, we are aware that further empirical validation of these
meirics would be necessary lo assess if they could be really used as carly
undersiandability indicators of the UMLL statechart diagrams. :

Once we obtained stronger resuits in this line, we think the metrics we proposed
could also be used for predicting the understandability of UML statechat diagrarns
and for a better resource allocation based on these predictions. In this sepse we plan 10
build a prediction model (based on the metrics valnes} using advanced technigues
borrowed from artificial intelligence such as Fuzey Classification and Regression
Trees [15] and Fuzzy Prototypical Knowledge Discavery [34], which have been used
for prediction purposes in others domains obtaining accurate predictions.

Finally, another research line of interest would be to evaluate thie influcnce of the
stustural complexity of the UML statechart diagrams on other waamntainability factors
such as modifiability and analysabality.

Acknowledgensents

This we 7k 15 supported by a FPI grant. This research 1s part of the DOLMEN project
supported by Subdireccidn Genesal de Proyectos de Investigacidon - Mimsterio de
Crencia y Tecnologia (TIC 2000-1673-C06-06).

Refercinves

1. Basili, V., Weiss, D: A Methedology for Collecting Valid Sofiware Lngineening Data.

IEEF Transactions on Soflware Engineering Vol 10 N¢.6 (1964) 728-738

3asill, V., Rombach, H.: The TAME projec: wowards immprovement-oriented software

envicorunents. IEEFE Transactions on Softwate Engineering Vol. 14 No. 6 (1988) 758-773

3 Basill, V., Shwll, F., Lanubille, F.: Building Knowledge through familics of exporiments.

IELE Transactions on Software Engineering Vol. 25 No. 4 {1999} 456-473

Briand, L., Arisholm, S., Counsell, ¥, Houdek, F., Thévenod-Fosse, P.: Bimpirical Studics of

Object-Oriented Ariifucts; Metheds, and Processes: State of the Art and Future Directions.

Empirical Software Enginecring, Vol. 4 No. 4 (1999) 387-404

5. Briand.,, L., Wist, 1, Louwis, H.: A Comprehonsive Investigation of Quality Factors in
Object-Oriented  Designs: an Industrial Case Swidy. Techinical Report [SERN-98-29,
International Software Lngincering Research Netv ork (1998}

6. Briand, L., Bunse, €., Daly, 1, Diffarding, C.: An Experimenta] Comparison of the
Maintainability of Object-Griented and Structured Design Docaments, Empirical Soflware
Ingineeting Vol. 2 No. 3 (1997)

7. Brito e Abreu, I',, Catapuga, K.: Objeci-Oriented Sotbware Engineenng: Measwring and
controlling the development process. 4th huternational Conference on Software Quabiy
(1994}

8. Brito e Abreu, F., Zuse, H., Sabraoui, ., Melo, W.: Quantitative Approaches in Ohject-
Oriented Softwure Enginecering. LCOOP'99 Workshops Reader, LNCS Vol 1743, A,
Moreira and 8. Duneyer (eds), Springer-Verlag (1999) 326-337

9. Brito e Abron, F., Poels, G, Sahraoui, H., Zuse, H.: Quantitative ApproaclLes in Chject-
Oriented Software Engincering. ECOOP 2000 Workshop Reader, LNCS Vol 1964,
Springer-Verdag (2000}

fxl

=S






Il Jornadas de Trabajo DOLMEN

10.Biito e Abrew, F., Henderson-Sellers, B., Piatting, M., Poels, G., Sahraoui, H.: Quantitative
Approaches o Object-Oricnted  Sofiware Engineering. ECOOP 01 Workshop Reader,
LNCS, Springer-Verlag (2001) (10 appear)

TEBrooks, A, Daly, I, Miller, J, Roper, M, Wood, M. Replication of experimental resulis in ’
software engimecring. Technica! report ISERN-96-10, Iniernational Software Engineering
Research Newwork: (1996)

12.Calero, C., Piattini, M., Genero, M. Linpirical validation of 1eferential integrily metrics,
Information and Software ‘1echnology 43 (2001) 949-057

13.Cant, S, leffery, R, Henderson-Sellers, B.: A Conceptual Model of Cognitive Complexity
of Elements of the Programming Process. Information and Sofiware Technelogy 7 (1995)
351-362

14 Chidamber, 8§, Kemerer, T A Metrics Suite for Object Oriemted Design. IEBE
Transactions or: Soflware Lngineering Vol 20 No. 6 (1994) 476-493

15.Delgado, M., Gomez-Skarmeta, A., Jiménez, 1.: A regression methodology to induce @
fuzzy mode!. International Journal of Intelligent Systems Vol. 16 No.2 (2001 169-1590

16.Derr, ¥ Applying OMT. 81GS Books. Pientice Hall. New York (1995)

171" Souza, DF., Wills, A.C.: Objects, Components and Frameworks with UML: the Catalysis
Approach. Addison-Wesley (1999)

15 El-Emam, K.: Object-Oriented Meirics: A Review on Theory and Practice, NRC/ERB 1085,
National Research Council Canada (2001)

19.El-Emam, K. The Prediction of Faulty Classes Using Object-Oriented Design Meinics,
NRC/ERBI064, National Rescarch Counci! Canada {1999)

20.Fenton, N.: Softwarc Measurement: A Necessary Scientific Basis. 1HEE Transactions on
Sofiware Enginecering Vol. 20 No.3 (1994) 199-200

2h.Fenton, N, Pflecger, S0 Software Metrics: A Rigorous Approach. 2nd. edition. London,
Chapmian & Hall (1997) ‘

22 Fenton, N, Neil, M. Sofoware Metrics: @ Roadmap. Futuie of Software Enginecrimg.
Authony Finkelstein Ed., ACM (2000} 359-370

23 Firesmith, D., Henderson-Sellers, B., Graham, 1. OPEN Modeling Language (OML)
Fefercnce Manual, New Yori: SIGS (1997)

24.Genero, M. Defining and Vahdating Metnce for Conceptual Medeis Ph.D. thesis,
University of Castilia-La Mancha (2002}

25.Genero, M., Mirands, D., Pizgttini, M. Definng and Validating Metics for UML Statechari
Digprams. Proceedings of 6Gth International LECOOP Workshop on Quanutative Approaches
inn Object-Oriented Software Engincering (QAQOSE2002), (2002) 120-136

26. CUHK - Chinese University of Hong Kong - Department of Obstetrics and Gynaccology -
hilp:fdeparunent obp.culik.edu.hik/RescarehiSuppart Moo, coprglation asy (Last visited
on July 22nd, 2002}

27050 9126 Sofiware Product Lvaluaton-Qualiny Characieristics and Guidelines for their
Use. 18O/EC Standard 91206, Geneva (1999)

28 Xachenham, B, Plicgper, 5., Fenton, No: Towards a Jyamework: for Software Measurement
Validation. 1BEE Transactions of Sofiware Lngincering Vol. 21 No. 12 (1995) 929-943

29 Xatchenhamy B, Plegger, S., Pickard, L., Jones, P, Hoaglin. D, ¥l-lmam, K., Roscnberg.
Lo Proliminary Guidelines for Empirical Research in Software  Engincering.  IEEL
Transactions of Sofiware Engineering Vol. 28 No.8 (2002) 721-734

30.Lorenz, M., Kidd, 1.: Object-Onented Sofiware Metrics: A Praciical Guide. Prentice iali,
Englowood Cliffs New Jersey (1994)

31.Marchesi, M.: COA Metrics for the Unified Modcling Language. Procecdings of the 2™
Luromicro Conference on Sofiware Maintenance and Reenginecring {(1998) 67-73

32.Miller, 1.0 Applying Meia-Analytical Procedures to Software Engincering Experiments
Journal of Systems and Sofiware Vol. 54 (2000) 29-39

139






Empirical Validation of Metrics for UML Statechart Dicgrams

140

33.0bject Managemen! Group: UML Revision Task Force, OMG Unified Modeling Language
Specification, v. 1.3, document ad’99-G6-08 (1999}

34.0livas, J., Romero, I7: FPKD. Fuzzy Prototypical Knowledge Discovery. Application to,
Forest Fire Prediction. Proceedings of the SEKE'2000, Kunowledge Sysiems Institute,
Chicago, 11 USA (2060) 47-54

35.Perry, 1y, Porter, A, Votle, Lo Empirica) Stuchies of Software Engincering: A Roadrnap.
Future of Software Enginecring. Anthony Finkelstein Ed., ACM (2000) 345-355

36.Poels, G., Dedene, G.: DISTANCE: A Frumework for Software Measure Construction,
Research Report DTEWO937, Dept. Applied Fconorics, Katholiek Universiteit Leuven,
Belygium (1999)

37.Poels, G., Dedene, (5.0 Distance-Based sofiware measurement: necessary and sufficient
properties for sofiware measures. Information and Sofiware Techne vgy, Vol 42 No. |
(2000) 35-46

38.Pocls, G., Dedene, G.: Measares for Assessing Dynamic Complexity Aspeets of Object-
Ortented Conceptual Schemes. 19th intemational Conference on Conceptual Modelling (ER
2000). Salt Lake City, USA (2000) 499-512

39.Rational  Sofiware.  Object Oriented Analysis and  Design, Swdent  Manual.
hipiwww ratonal .cony, (1998) ’

40.;cumbaugh, J., Blaha, M., Premerlani, W., Eddy, F., Lorensen, W.: Object- Orivnted
Modelling and Design. Prentice Hall, USA (1991)

41 Schneidewind, N.: Body of Knowledge for Sofrware Quality Measurement. 1EEE Cormputer,
Vol. 35 No. 2 (2002) 77-83

42 Schneidewind, N.. Methodology For Validaung Software Meirics. 1EEE Transactions of
Software Engincering, Vol 18 No. 5(1992) 410-422

43.Selic, B., Gullekson, G., Ward P.: Real-Time Object Oriented Modeliing,. John Wiley &
Sons, Inc. (1994)

44 Snoeck, M.: On a process algebra approach for the construction and analysis of
ME.R.OQ.D.E.-based conceptual models, Ph.D. dissetiation Katholicke Universiteit Leuven
(1995)

45 Wohlin, C., Runeson, P, IHost, M., Ohlson, M., Regnell, B., Wesslén, A.; Experimentation
in Sofiware Engineering: An Introduction, Kiuwer Academic Publishers (20060)

AG Yaucoub, S, Ammar, M., Robinson, T.: Dynamic Metrics for Object Oriented Designs.
Proceedings of the Sixth IHEE International Symposium on Software Meuics (1998)

47 Zuse, H.: A Framework of Sofiware Measurement. Berlin, Walter de Gruyter (1998)






