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Abstract. UML statechart diagrams are an important technique for modeling
the dynamic aspects of software systems. We have been studying the relation-
ship between many of the constructs of the UML statechart diagrams and the
effect that they have on the understandability of the diagrams themselves, in-
cluding composite states. We found that the use of composite states make UML
statechart diagrams easier to understand. In order to go a step further, we de-
cided to investigate if the nesting level of composites states (NLCS) has an im-
pact on the understanding of the diagrams through a controlled experiment. Un-
fortunately, the obtained results are not quite conclusive and we have not been
able to find an optimal use of nesting within UML statechart diagrams. So, fur-
ther empirical research is needed.

1. Introduction

Modeling is at the core of many disciplines, but it is especially important in engineer-
ing because it facilitates the communication and construction of complex things from
smaller parts [21]. New approaches in software engineering like MDA (Model Driven
Architecture) [17] and MDD (Model Driven Development) [1] are enabling a shift in
focus from software to models of software. These approaches consider models as end-
products rather than just mean to produce software. For that reason, models like UML
models are gaining more relevance in the development of software. The quality of the
models used is of great importance as it will ultimately determine the quality of the
software systems produced.

UML statechart diagrams have become an important technique for modeling the
dynamic aspects of a software system and are also an important element of OO design
documents [13].

In previous researches, we have studied the relationship between many of the con-
structs of the UML statechart diagrams and the effect that they have on the under-
standability of the diagrams themselves. To do so, we had previously defined and
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validated, both theoretically and empirically, a set of metrics for evaluating the struc-
tural properties of UML statechart diagrams, such as size and complexity [11]. In all
these works we had found that the usage of composites states had no influence on the
understandability of UML statechart diagrams. This fact seemed to be a bit suspi-
cious. For that reason, we carried out an experiment and its replica for studying spe-
cifically if the use of composite state facilitated or not the understanding of UML
statechart diagrams [10]. The results of this empirical study indicated that the use of
composite states improves the understandability efficiency of UML statechart dia-
grams if the subjects have a certain level of experience in working with this kind of
UML diagrams. Thus, we concluded that using composite states when modeling the
behaviour of systems through UML statechart diagrams makes them more under-
standable.

Based on these findings, we have defined a new metric named Nesting Level in
Composite States (NLCS) which indicates the maximum number of composite states
nesting in an UML statechart diagram.

In this work, we will try to empirically validate this metric, taking as basis the
measure DIT (Depth of Inheritance Tree) defined in [8]. We think that there is a cer-
tain level of parallelism between the nesting level of composite states within an UML
statechart diagram and the class inheritance in an UML class diagram.

Besides, we can base our research on the different experimental experiences that
the metric DIT has been studied under [3-7, 9, 12, 14, 18, 19, 22]. We will use some
of the results of these works in order to design and perform a controlled experiment
and try to find out the optimal nesting level of composite states within an UML state-
chart diagram.

In section 2 we define our research question. Section 3 describes the experimental
process, covering the design, tasks and performance of the experiment. Section 4 de-
scribes the data analysis and the interpretation of the obtained results. Finally, conclu-
sions and future work are presented in section 5.

2. Research Question

As we commented in section 1, our research question can be stated as:

Does the use of different nesting levels of composite states within an
UML statechart diagram affect the understandability of the diagrams?

In order to answer this question we have defined the previously presented metric
NLCS. Based on the guidelines exposed in [18], we have formulated the following
experimental hypotheses:

— Hyj: the understandability of UML statechart diagrams with i and j composite
states nesting levels is not significantly different,

— Hyj: the understandability of UML statechart diagrams with i and j composite
states nesting levels is significantly different,

in both cases, 1, j € {0, 1, 2} and i#j.
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This way, there are three different null hypotheses (Hy;, Ho, Hy,), taking account
of symmetries (H;,=Hj,).

3. Experimental Process

In this section, we describe the controlled experiment that we have carried out for
testing the hypotheses stated in the previous section. All the experimental process is
based on the guidelines outlined in [24].

The experiment took place at the University of Murcia (Spain) in May 2005 and its
main features are detailed in the following sub-sections.

3.1. Subjects

38 subjects from the University of Murcia participated in this experiment. 11 of them
were on their 4th year of Computer Science whilst the rest had finished their Com-
puter Science studies less than one year before.

The tasks to be performed did not require high levels of industrial experience, so
experiments with students could be considered as appropriate [2, 15]. Moreover, stu-
dents are the next generation of people entering this profession, so they are close to
the population under study [16]. Besides, working with students implies a set of ad-
vantages [23], such as the fact that the prior knowledge of the students is rather ho-
mogeneous. The availability of a large number of subjects is another plus point.

All the subjects had received a complete Software Engineering course in which
they had studied modeling techniques, including UML. They also received a short
training session before the performance of the experiment, in which the main con-
structs of UML statechart diagrams were commented on and where some examples of
the tasks to be performed by them were explained by the conductor of the experiment.
So we consider that the level of experience they brought to the experiment was ac-
ceptable.

3.2. Experimental Design

Our dependent variable was the understandability of UML statechart diagrams and we

would measure this through three different ways:

o Effectiveness, i.e., number of correct answers vs. total number of asked questions.

o Efficiency, i.e., correct answers given by the subjects vs. time spent on answering
the asked questions.

Our independent variable was the nesting level of the different UML statechart
diagrams that were part of the experimental material. We used three diagrams with 0,
1 and 2 nesting levels respectively that modelled exactly the same system (an ATM)
and were conceptually identical. These were also the values of the metric NLCS for
each of the diagrams.

The original experimental material can be found in Appendix A at the end of the
document.
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3.3. Experimental Task

Each subject received one diagram out of the three possibilities. The Universe of Dis-
course (UoD) of the diagrams was quite usual and not exceptional at all, so that there
was no need for extra effort in understanding them.

Each diagram had a test which contained 9 questions which were exactly the same
for the three different options. The questions inquired about what state would be
reached after the triggering of some events, which state would be reached after a cer-
tain sequence of events and guard conditions or what sequence was the minimum pos-
sible for going from one given state to another, for instance. The subjects had to note
down the times at which they started and finished answering the whole questionnaire,
as well as providing the answers to the questions themselves.

3.4. Experimental Procedure

The experiment started with a twenty-five-minute introductory session in which the
conductor gave a general motivation for the experiment as well as the main elements
of an UML statechart diagram. After that, the materials for the experiment were ran-
domly distributed to the subjects.

In order to increase the motivation and interest of the subjects, the students were
explained that the exercises that they were going to perform could be similar to those
that would find in their exam at the end of the term.

At this point some examples in shortened version were performed by the conduc-
tor, who explained the correct answer to each question and the way of noting down
the starting and finishing times properly.

Throughout this time, the subjects were allowed to ask the conductor about any
doubt that they might have and to make any remarks they wished to.

4. Discussion of Results

All the data analysis presented in this section was carried out by means of SPSS [20].

4.1. Data Analysis
First, we carried out an analysis of the descriptive statistics of the data. The box-plots
of the data shown in Figures 1 and 2 illustrate the statistics summarized in Table 1

and Table 2.

Table 1. Summary statistics for effectiveness

NLCS Mean Median | Min. | Max. | St. Dev. Skew. Kurtos.
0 (N=13) | 0,820513 0,778 0,667 1 0,096635 | 0,8663 0,3516
1 (N=13) | 0,790598 0,778 0,611 | 0,944 | 0,096635 | -0,1927 | -0,5104
2 (N=12) | 0,736111 0,750 0,444 1 0,185206 | -0,4030 | -1,0046
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Table 2. Summary statistics for efficiency

NLCS Mean Median Min. Max. St. Dev. Skew. Kurtos.
0 (N=13) | 0,014647 | 0,014675 | 0,009009 | 0,022388 | 0,003844 | 0,3130 -0,3562
1 (N=13) | 0,013717 | 0,013722 | 0,006215 | 0,020151 | 0,004191 | -0,2557 | -0,8077
2 (N=12) | 0,012510 | 0,012262 | 0,006203 | 0,018229 | 0,004149 | -0,1652 | -1,1057
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Fig. 1. Effectiveness box-plot Fig. 2. Efficiency box-plot

In order to check the hypotheses presented in section 2, we performed some t-Tests
with a=0.05. The obtained the results for the different dependent variables taking into
account all the possible NLCS values are shown in Table 3.

Table 3. t-Tests results.

Dependent variable | NLCS df t Stat. | Sig.
Ovsl 24 0.789 | 0.438
Effectiveness Ovs2 | 16.281 | 1.411 | 0.177
1vs2 | 16.281 | 0.911 | 0.376

Ovsl 24 0.587 | 0.563
Efficiency Ovs2 23 1.334 | 0.195
1vs2 23 0.723 | 0.477

4.2. Results Interpretation

Both for effectiveness and efficiency, the mean values for 0 and 1 nesting levels are
quite close, while the mean values for 2 nesting levels are much lower. In our opinion,
this means that a flat nesting level (0 or 1 levels) helped the subject to a better under-
standing of the diagrams than a big nesting level.
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The results of the t-Tests performed do not allow us to reject any of the null hy-
potheses that we presented in section 2, as all the significance levels are above 0.05.

Anyway, these results are preliminary and further experimentation is needed. In
fact, we will soon perform a replication of this experiment in order to empirically con-
firm our findings.

4.3 Threats to Validity

We must keep in mind a number of validity issues that are typically related to experi-
ments of this type.

First, the subjects were not professional modelers. Obviously, we would expect
much better results if the subjects were more experienced. However, the limited diffi-
culty of the tasks and the UoD used make the students become suitable experimental
subjects, as they are much easier to work with than some others. Nevertheless, further
replications of this experiment using people already working in this profession would
be really interesting.

Secondly, the diagrams that have been used represent relatively simple models and
it is possible that if real-projects data were used, we would obtain different results, al-
though we contend that the conclusions reached would be the same as in this case.

5. Conclusions and Future Work

Worried about how UML constructs impact on the understandability of UML state-
chart diagrams we carried out several empirical studies. The results obtained in the
last one [10] revealed that the use of composite states improves the understandability
efficiency of UML statechart diagrams if the subjects have a certain level of experi-
ence in working with this kind of UML diagrams.

In this work, we have defined a new metric called Nesting Level in Composite
States (NLCS) which indicates the maximum number of composite states nesting in
an UML statechart diagram. In addition, we have detailed a controlled experiment
that we have performed in order to investigate if the values of NLCS have an impact
on the understanding of UML statechart diagrams, as none of the test performed to the
data showed a significant difference between the understandability effectiveness and
efficiency of the different diagrams uses, each one with a different value for NLCS.

The findings obtained through the experimentation were not really conclusive. We
have not been able to find an optimal use of nesting within UML statechart diagrams,
and we can only conclude that a flat nesting level (0 or 1) within an UML statechart
diagram makes it more understandable.

In order to strengthen this opinion and try to reach some new and more conclusive
results and conclusions, we have decided to perform a replication of the experiment
presented in this work.
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Appendix A: Experimental Material

In this appendix we show the experimental material handed out to the subjects in the
experiment. The three original (Spanish) diagrams model the behaviour of an ATM
machine. The first one does not use composite states, while in the second and third
diagrams the nesting level value is 1 and 2 respectively.

After them, we can find a translated version of the questionnaire attached to the
diagrams.
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CHECK TIME (HH: MM :SS) _: :

1.

If we are in the state IMPRIMIENDO and the event Recibo impreso oc-
curs, which state do we reach?

If while being in the state SELECCION DE OPCION the event Selec-
cion realizada occurs and the variable opcion has the velue Consulta,
which state do we reach?

Which state do we reach if while being in the state INACTIVO the fol-
lowing sequence of events occurs?

Tarjeta insertada

Pin introducido

Pin incorrecto

Pin introducido

Pin correcto

a0 o

Which is the minimum sequence of events and guard concitions neces-
sary for going from the state SELECCION DE OPCION to the state
INACTIVO?

Which is the value of the variable Intento if starting from the state
INACTIVO the following sequence of events occurs?

a. Tarjeta insertada

b. Pin incorrecto

c. Pin correcto

If we are in the state SELECCION DE OPCION and the event Cancelar
occurs, which state do we reach?

If while being in the state PROCESANDO REINTERGRO the event
Fin de servicio occurs and the variable resultado has the velue ERROR,
which state do we reach?

Which state do we reach if while being in the state SELECCION DE
OPCION the following sequence of events occurs?

Seleccion realizada

Opcion evaluada

Fin de servicio

Recibo impreso

;o oP

Which is the minimum sequence of events and guard concitions neces-
sary for going from the state INACTIVO to the state TERMINANDO?

CHECK TIME (HH: MM :SS) _ : :






