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Preface

The 26th International Conference on Conceptual Modeling in Auckiand, New
Zealand, hosted six workshops which allowed participants to focus their pre-
sentations and discussions on advanced topics that cannot easily fit the general
conference scope.

Thirteen good quality proposals were received and nine were selected. Due
ta the similarity of their scope, two pairs were suggested to merge, leading to
seven proposals. One workshop attracted fewer submissions than expected, so
that its selected papers were integrated into the conference. Finally, six work-
shops were kept. Interestingly, four of them (FP-UML, ONISW, QoIS, SeCoGIS)
were a sequel of workshops that were held in the last few years, while two were
new (CMLSA, RIGIM), exhibiting both the maturity and the innovation of the
workshops.

Following the call for papers, we received 114 complete submissions, from
which 40 quality papers were selected, giving an acceptance rate of 35% (a fairly
standard score for workshops).

The following six workshops were organized:

Conceptual Modelling for Life Sciences Applications (CMLSA 2007}, chaired

by Yi-Ping Phoebe Chen and Sven Hartmann. This workshop addressed the

specific challenges posed by the large data volumes, the complexity and the
data and software heterogeneity involved by life science applications.

— Foundations and Practices of UML (FP-UML 2007), chaired by Juan
Trujillo and Jeffrey Parsons. The third edition of this workshop gathered
researchers and practitioners on topics related to data warehouses, security,
model transformation, state diagrams development and model quality.

— Ontologies and Information Systems for the Semantic Web (ONISW 2007),
chaired by Mathias Brochhausen, Martin Doerr and Hyoil Han. The sec-
ond edition of this workshop focused on the potential and actual roles of
ontologies in Web information systems. In particular, the papers addressed
ontology extraction from texts, ontology interoperability, automatic seman-
tic annotation and domain modeling.

- Quality of Information Systems (QoIS 2007), chaired by Samira Si-Said
Cherfi and Geert Poels. The papers of the third edition of this workshop
dealt with quality models, model understandability and (at last!) quality
assessment of scientific conferences.

— Requirements, Intentions and Goals in Conceptual Modeling (RIGIM 2007),
chaired by Colette Rolland and Eric Yu. The workshop goal was to ex-
plore the relations between requirements engineering and conceptual model-
ing. The selected papers particularly addressed such topics as model-driven
approaches, the use of i*, refinement of goal-based methodologies, elicitation
techniques and visualization.
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UML statechart diagrams are also considered as one of the most important UML
diagrams [3] and should be used by practitioners as a starting point to train UML
newcomers. Although the use of this kind of diagram is not critical for many systems,
they are very useful for their intended purpose, have low redundancy and provide new
helpful information in some systems (8], specially in real-time systems [9].

We have previously studied [5] the effect that some UML constructs may have on
the understandability of UML statechart diagrams, including composite states, which
are an important construct of the UML statechart diagrams metamodel [17] and a fun-
damental modeling abstraction mechanism. UML statechart diagrams with composite
states extend finite state machines to facilitate the description of highly complex be-
haviors [13]. A composite state is a state that contains other states within it. Compos-
ite states are believed to be useful to model the behavior of complex classes, as we
can group the simple states that are part of a larger common one, and so they help
structure a system and master a system’s complexity by dividing the systemn in
smaller, less complex parts. However, it is necessary to provide empirical support to
this belief to show if it is actually true and, if so, under what conditions.

Thus, based on the common use of hierarchical structures in modeling techniques
for making easier to reason about a system, both for those who write the design of a
system and those who read it [11, 20, 23], we hypothesized that grouping simple
states that are highly related into a composite state could help improve the under-
standability of a diagram. We have performed a family of experiments to test this hy-
pothesis, and in this paper we present the third empirical study corresponding to this
family. We have gradually modified and improved the design and execution of these
experiments, so as to alleviate some threats to the validity of the different studies that
are part of it.

In Section 2 of this paper, we provide a roadmap of the family of experiments that
we have performed. Section 3 explains the main features and conclusions of the two
first members of the family of experiments that has been performed. Section 4 com-
ments in detail the experimental process performed in order to carry out the third ex-
periment of the family. Finally, section 5 summarizes the main lessons learned from
this family of experiments and the future work planned to perform.

2 The Family of Experiments

An experiment can be viewed as part of common families of studies, rather than being
an isolated event [2]. Common families of studies can contribute to devising impor-

tant and relevant hypotheses that may not be suggested by individual experiments.

our study on the understandability of UML statechart diagrams. .
In the initial studies (E1, R1, E2, and R2), we used students as experimental sub-
jects. The tasks to be performed did not require high levels of industrial experience,
so we thought that this experiment could be considered appropriate [2, 12]. In ad
tion, working with students implies a set of advantages, such as the fact that the priof
knowledge of the students is rather homogeneous, the availability of a large numbe
of subjects [26], and the possibility of testing experimental design and initial hypothe:
ses [22]. e

Fig. 1 shows the chronology of the family of experiments we have carried out in
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Ist experiment (Ef) st replication (R1)
55 Copputer Seinn e shudenty 174 Computer Science sudenir
University of Murcis (Spain) Universiy of Alcante (Spam)
2md experiment (F2) 2mdl replicaden (R2]
15 PhD studentt 13 Computer Science students
Unrversity of Castilla-La Universitd delt’ Tnsubria (Jealy)
Mancha {Spain)
3rd experinemt (E3)
24 professionals
) SOLUZIONA - Cludad Real (Spainy
| i i )
T i i ; “ >
Febriary 005 March 2005 Febsuary 2006 May 2006 October 2006

Fig. 1. Chronology of the family of experiments

The main difference between these studies and the third experiment (E3) presented
in this paper, lies both in having professionals as experimental subjects, and also hav-
ing renewed and improved materials and tasks.

In studies E1 and R1, we used the understandability effectiveness variable, defined
as the ability to understand the presented material correctly. In studies E2, R2 and E3,
we added two new variables related to the CTML, retention and transfer, Retention is
defined as the comprehension of material being presented. Transfer is the ability to
use knowledge gained from the material to solve related problems not direcily an-
swerable from it.

. To measure all these variables, we have used three separate tests based on ques-
ﬂo::&nnm. Each understandability characteristic measure is computed as the propor-
tion of correct answers provided in each test. In this work, we will call these values
Cmmmo for understandability effectiveness, UTrans for transfer, and UReten for reten-
tion, respectively,

ﬁwn carried out the experimental processes based on well-known guidelines for
empirical studies [14, 15, 28] and we used SPSS [24] to perform all the statistical
analyses. In all of our studies, we set a statistical significance threshold a = 0.05.

3 First and Second Empirical Studies
In this section, we briefly outline the main features (see Table 1 and Table 2) and

no__o:._mwo:m reached after the performance of the two first members of the family of
experiments. The complete details about them can be found in [4] and [6].

Table 1. E1 And R1 main features

Universities of Murcia, Spain (El) and Alicante, Spain (R1)
February (E1) and March (R1) 2005

535 (El) and 178 (R1) Computer Science students
Understandability of UML statechart diagrams, measured through
the measure of UEffec.

The use or not of composite states (CS) in the diagrams.

I_mm using composite states improves the UEffect in subjects when
trying to understand an UML statechart diagram. .
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This first session lasted approximately two hours. After it, all of Test O question-
naires were corrected and the subjects were grouped into two groups depending on
their resulis.

The subjects were ordered according to the number of correct answers and the time
spent on the questionnaire [18). After that, those subjects who occupied an odd rank
were assigned to Group A, and the others to Group B. Thus, we obtained two bal-
anced groups as Table 4 shows.

Tabde 4. Means and standard deviations for groups after Test 0

i O ATSWErS < Thme 2
Std. Dev, | Mean | Std. Dev.
13153846 | 1.3409 | 62862 | 122.88
12 1 5.4583 | 1.0967 | 620.67 | 135.18

One of the subjects who had been assigned to Group A did not show up for Sess-
ion 2. We decided to not rearrange the groups, which would now have the same num-
ber of subjects.

Session 2 was composed of three phases. In phase 1, the subjects were informed
that they had been grouped depending on their performance in the test collected the
day before. After that, they received one UML statechart diagram and a copy of
Test 1. To avoid possible learning effects, we adopted a balanced between-subjects
and blocked design, i.e. cach subject was assigned only one diagram. The subjects of
Group A received a diagram modelled using composite states and those in Group B
received exactly the same system but modelled without using composite states.

As in E2 and R2, this test was used for measuring the UEffec of the model. The
questions in Test 1 covered all the different parts of the diagram so that we could
make sure that all parts of the diagram had been covered by the subjects before we
removed them. This phase lasted for 25 minutes.

Then, all diagrams and tests were collected and Tests 2 and 3 were handed out.
Test 2 was used for measuring the UReten variable and consisted of a fill-in-the-
blanks text with 10 gaps that the subjects had to complete in order to build the text
with the specifications of the system. The subjects had 15 minutes for this phase.

Test 3 was used for measuring the UTrans variable and consisted of a list of 6 tasks
to perform based on the information taken from the diagram. The subjects had 35
minutes to solve them.

All the questions and tasks to perform in the different tests were exactly the same
for both groups.

After the end of Test 3, all the materials were collected and the subjects were
handed out a final questionnaire, to collect the subjects’ impressions about the diffi-
culty of the tests and the main positive and negative points that they had found during
the experiment.

Fig. 2 graphically describes all this process.
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Session 1 (2 hours)
Day 1 (afternoon}

- UML 5D general information
- 2 axamples
- (Test)

Session 2 {2 hours)
Day 2 {morning)

- Divide subjects into groups
- Hand out the diagrams and test 1

Phasa 1 (25}
- Study diagram
- Solve NAVIGATION test
{Test1 - affecivencss)
L]

- R etire diagrams
- 5 rest
- Hand out tests 2 &

-Test correction Phase
- Subjects groupi 205
n - Solve FILL-IN-THE-BLANKS
test (Test 2 - retention )
|

- 5" rest

Phase 3 (35')
- Solve GENERAL QUESTIONS
test {Test 3 - transfer)

Fig. 2. E3 procedure schema

All the experimental material and data of the complete family of experiments can
be found at the website http://alarcos.inf-cr.uclm.es/CSExperiments/

4.3 E3 Data Analysis and Interpretation

As in the previous studies, we carried out an analysis of the descriptive statistics of
the data. Table 5 presents the descriptive statistics for the measures of the dependent
variables studied in E3.

We can observe how, in this case, the results obtained for the understandability ef-
fectiveness and transfer variables are higher when the subjects worked with the dia-
gram modelled with composite states, while the retention variable was higher in the
diagram modelled without using composite states.

Table 5. Descriptive statistics for E3

1 With(n=12) : . . Without (n=12) -~
2| “Mean | Std. Dev. - Min.[Max. |- Mean . [ “Std-Dev, - [ Min: [Max.
UEffec|{0.750000| 0.1446 | 0.5 | 0.9 [0.641667| 0.1564 | 0.4 | 0.9
UTrans 0.369048] 0.2079  |0.071]0.786[0.261906| 0.1677  [0.036]0.571
eten] 0.775000]  0.1390 0.5 | 1.0 [0.891667] 0.0515 08 | 1.0

After removing the outlier values, those which were too high and low and had
fallen out of the range of typical values, we performed a t-test for testing the three hy-
potheses shown in Table 3 (see Table 6).
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