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A bstract

UML statechart diagrams have become an
imapogant technique for describing the dynamic
behaior of a software systern. They are also a
sigificant element of OO design, especially in
corde generation frameworks such as Model
Driven Architecture (MDA). In previous works
we have defined a set of metrics for evaluating
struciural properties of UML statechart diagrams
and have validated them as early understandability
indicators, through a family of controlled
expeiments. Those experiments have also
revealed that the number of composite states had,
apparently, no influence on the understandability
of the diagrams. This fact seemed a bit suspicious
to usand we decided to go a step further. So in
this work we present a controlled experiment and
a reqplication, focusing on the effect of composite
states on the understandability of UML statechart
diagrams. The results of the experiment confirm,
to some extent, our intuition that the use of
composite states improves the understandability of
the diagrams, so long as the subjects of the
experiment have had some previous experience in
using them. There are also educational
implications here, as our results justify giving
extra emphasis fo the use of composite states in
[UML statechart diagrarns in Software Engineering
courses.

1. Introduction

Maodeling is af the core of many disciplines, but it
is especially important in engineering because it

M. Esperanza Manso
GIR.O Research Group
Department of Computer Science
University of Valladolid
Campus Miguel Delibes, ET.I.C.
4701 Valladolid {Spain)
manso(@infor.uva.es

facilitates the communication and construction of
complex things from smaller parts [13]. Models
help us understand a complex problem and its
potential solutions throngh abstraction. It seems
obvious, therefore that software systems, which
are often among the most complex of all
engineering systetns, can benefit greatly from
using models and modeling techniques [11]. Owver
the last three decades, the abstraction level has not
only risen from implementation over design to
analysis; there is also a recent interest in code
generation frameworks such as the Meodel Driven
Architecture (MDA} [8] proposed by the Object
Management Group (OMG). To the extent that
code peneration is used, it seems likely that
factors which influence evolvability on the
implementation level, such as the naming of
variables and a badly structured program code,
will become [ess relevant. Hence, in this context,
the evolvability of information systems would be
more and more determined by that of the models
[14].

Linked to the idea of models which are
capable of evolution, UML statechart diagrams
have become an important technique for the
describing of the dynamic aspects of a software
system and are also an important element of OO
design documents {4].

According to [11], in order to be useful and
effective, an engineering model must possess, fo a
sufficient degree, the following five key
characteristics:  absiraction, understandability,
accuracy, predictiveness and inexpensiveness.

The motivation for this research comes from
the fact that in previous works [3] we had studied
the relationship between many of the constructs of
the UML statechart diagrams and the effect that
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they have on the understandabifity of the diagrams
themselves. To do so, we had previously defined
and validated, both theoretically and empirically,
a set of metrics [2] for evaluating the structural
properties of UML statechart diagrams, based on
UML v.1.4 [7]. But in all these works we had
found that the effect of composite states on the
understandability of the UML statechart diagrams
was unclear. A composile state is a state that
contains other states within it. When the behavior
of a class is quite complicated, using composite
states may be useful, as we can group those
simple states that are part of a larger conumon one.
Intuitively, grouping into a composite state those
simple states that are highly related could help to
improve the understandability of a diagram.

In order to clarify these impressions, we have
designed and performed a controlled experiment
and a replication so as to evaluate whether the use
of composite states really does improve the
understandability of the diagrams, as may be
thought intuitively. In this work we will present
the experimental process and the conclusion that
has been reached after the performance of the
expertment.

In section 2, we define our research question
and formulate the work hypotheses. Later, we test
these hypotheses in the experiment and its
replication as reporred in section 3. In section 4
we discuss the validity threats to our experiments.
Finaily, section 5 sets out the conclusions reached
and the future work that is planned.

2. Research question and hypotheses

As the main goal of the curent work is to
ascertain if the use of composite states can make
the UML statechart diagrams easier to understand,
our research question can be stated as:

Does the use of composile siates improve the
understandability of UML statechart diagrams?

Based on previous experiments [3] and on our
intuition and experience working with UML
statechart diagrams, we think that the answer to
this question should be a ‘yes’, especially when
the person that is trying to understand the UML
statechart diagram is used to working with this
modeling language and this kind of diagram.

Articulos

For this work, we have camied out a
controlled experiment and a replication, in which
we have considered the efficiency of the subjects
in understanding the diagrams, i.e. the relationship
between how accurately they solve the required
tasks and how quickly they do this. The
understandability efficiency was defined as the
retationship between the correct answers given by
the subjects and the time spent on answering the
questions related to an UML statechart diagram.

On the basis of our research question we
formulated  the  following  experimental
hypotheses:

e« Hy the use of composite states does not
improve the understandability efficiency of an
UML statechart diagram.

s H;: the use of composite states mproves the
understandability efficiency of an UML
statechart diagram.

3. Experimental process

In this section, we describe a controtled
experiment and a replication that we carried out
for testing the hypotheses stated in the previous
section. All the experimental process is based on
the guidelines outlined in {15].

3.1. First experiment

This experiment took place at the University of
Murcia {Spain} in February 2005. Its main
features are the following:

Subjects. 55 Computer Science siudents from the
University of Murcia participated in this
experiment.

The tasks to be performed did not require high
tevels of industrial experience, so experiments
with students could be considered as appropriate
{1, 5]. Moreover, students are the next generation
of people entering this profession, so they are
close to the population under study [6]. Besides,
working with students implies a set of advantages
[14], such as the fact that the prior knowledge of
the smdents is rather homogeneous. The
availability of a large number of subjects is
another pius point.

All the subjects were in the fourth year of
Computer Science and had received a complete



Software Engineering course in which they had
studied modeling techniques, including TUML.
They also received a short training session before
the performance of the experiment, in which the
nain constructs of UML statechart diagrams were
tommented on and where two examples of the
lasks to be performed by them were explained by
the instructor of the experiment. So we consider
tat the level of experience they brought to the
experiment was acceptable.

Experimental design. We selected a factorial with
interaction confounded. Our dependent variable
was the understandability of UML statechart
diagrams and we would measure this through the
previously introduced measure understandability
¢fficiency. Our independent variables were the
Universe of Discourse (UoD) to which the
diagrams were related and the use or not of
composite states (C8) in the diagram.

We used two different Universes of
Discourses (UoD’s): an ATM machine and a
phone call. For each of them, we presented two
different diagrams, conceptually identical. One of
the diagrams included composite state(s) and the
other did not,

As each subject would receive two diagrams,
one with and another without composite states,
ad each of them related to a different UoD, we
obtained two different groups as shown in Table
1. The diagrams of cach group were given to the
subjects in different orders. For instence, in group
A, the subjects first had to solve the tasks related
to an ATM machine without composite states and,
after that, those related to a phone call with
composite states or exactly the same tasks for the
same diagrams but in an inverse order (phone call
with composite states and then ATM machine
without composite states),

Table L. Overview of the experimentat design

Group A was performed by 28 subjects and
group B 27 subjects.
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Experimental rask. As commented previously, we
used two different UoD)’s that were quite usual
and weli-known, so that there was no need for
extra effort in understanding the diagrams.

Each diagram had a test which contained §
questions which were conceptually similar and set
out in the same order. In fact, in both diagrams of
each UoD, the questions were the same. The
questions inquired about what state would be
reached after the triggering of some events while
being in a given state. Another question asked
which state would be reached after a certain
sequence of events and puard conditions. There
was a final inquiry as to what sequence was the
minimum possible for going from one given state
to another. The subjects had to note down the
times at which they started and finished answering
the questions, as well as providing the answers to
the questions themselves.

Due to space constraints, we do not show the
experimental material, but it can be sent by the
authors to any interesied researcher.

Experimental procedure. The experiment started
with a twenty-five-minate introductory session in
which the instructor briefly explained the main
motivation for the experiment as well as the
elements of an UML statechart diagram. After
that, the materials for the experiment were
randomly distributed to the subjects.

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

At this point two examples in shortened
version were performed by the instructor, 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 instructor about any doubt that
they might have. They could make any remarks
they wished to,




With 55 | 0.024165 | 0.007447

0.00947

Articulos

0.04138 | 0.1659 | -0.5494

Without | 51 | 0.015269 [ 0.002809

0.00962 | 0.02151 | 0.0721 | -0.3164

Table 2. Descriptive statistics of the understandability efficiency (first experiment)

Data analpsis and interpretation. (All the data
analysis was carried out by means of SPSS {12]).
First we carried out an analysis of the descriptive
statistics of the data. We eliminated the extreme
and atypical data, obtaining the results displayed
in Table 2, where we show the descriptive
statistics of the valid data for the diagrams that
used composite states and of those that did not.
Table 2 shows that these subjects, who were quite
familiar with the use of UML statechart diagrams,
obtained much better resuits for efficiency when
working with those diagrams that used composite
states.

After this, we decided to perform an Analysis
of Variance (ANQVA), because this type of
analysis allows us to analyze the interaction
beiween the independent variables under study
when the measurement of the dependent variable
is repeated [9].

The results of the ANOVA which was
performed for the understandability efficiency are
shown in Table 3. The last column of Table 3
represents the level of significance, which will

allow us to rgject or accept the hypothesis we have
formulated.

In sach row of the table we have the different
factors to be taken into account:

» The use of composite states, through the
variable CS.

» The UoD of the diagrams.

o The group of diagrams that the subject has

performed (see Table 1).

e The interaction between the subject and the
group of diagrams that he/she has performed.
s The interaction of the factors

We can observe that there exist several factors
whose significance level is below 0.03; hence
these affect the understandability efficiency. We
do not study the effect of the interaction of factors
nor the Group factor as the significance level for
this is 0.572 {over 0.05).

We are especially interested in the CS factor,
which indicates if a diagram uses this kind of
constructor or not. In this case, its value is below
0.05, which implies that the use of composite
states affects the understandability efficiency.

1.711E-03 1.711E-03 | 97.133
8.632E-04 49 1.762E-05
3.555E-04 1 3.555E-04 [ 20.182 0.060
8.632E-04 49 1.762E-05
8.334E-05 1 2. 778E-03 0.675 0.572
2.154E-03 | 52.30] | 4.119E-05
2.137E-03 51 4.190E-05 2.378 0.001
8.632E-04 49 1.762E-05 )
] 4.108E-02 1 4.108E-02 | 1003.084 0.000
1 2.160E-03 | 52.732 [ 4.096E-05

Table 3. ANOVA results for understandability efficiency in the first experiment




:
|
|
;
'
:

X Jornadas de Ingenierfa del Software ¥ Bases de Datos, JISBD'2005 111

In figure 1, we can also chserve the profile
plot of the data, which indicates that in-
tependently of the UoD, using composite states in
the diagrams makes the understandability
efficiency increase.

lz8

0268,

024 \

oz2{ . \\
20 S
018 \\‘“n
015 — . Uoty
D144 . =_ATM
02 .Phone cak
WITH WITHOUT
Composite States
Figure 1. Understandability efficiency profile plot

from the first experiment

Combining the results shown in Table 3 and
figure 1, we can reject the hypothesis Hy, which
asserted that the use of composite states did not
improve the understandability efficiency of an
UML statechart diagram.

32, Experiment replication

This replication took place at the University of
Alicante (Spain) in March 2005. As most of its
features are similar to those we have commented
on before for the first experiment, we will go over
only the main differences between them:

* In this case the subjects were 178 students
from the University of Alicante, which were
enrolled in their second year of Computer
Science.

With 160 | 0.014956 | 0.003720

0.00580 | 0.02449 | 03205 | -0.1812

* In order to increase the interest and motivation
of the subjects, they would be granted with
some extia points in the exam at the end of the
tetn,

* The skill of the subjects using UML for
modeling, especially UML statechart dia-
grams, was much lower in this replication, as
most of them had only a few months of
experience, and they had not worked with
some UML metamodel constructs (e.g.
composite states) yet. They received the same
training session as in the original experiment
before performing the replication, but even
with this, their experience level was much
lower, compared to the first group of subjects.

* Due to space limitations in the c¢lassrooms
where the replication took place, the subjects
were divided into two groups of 92 and 86
subjects respectively and they performed the
experiment at a different time. To be more
specific, the second group finished one hour
later.

» The materials for the experiment were given
out randomly to the subjects and each group
{A and B) was composed of 89 subjects.

Data analysis and interpretation. Again, our first
step consisted of an analysis of the descriptive
statistics of the data. In this case also, we
elitninated the extreme and atypical data and
obtained the results shown in Table 4.

In this case, the results were better for the
diagrams which did not use composite states. The
lack of experience of the subjects working with
this kind of UML diagram was a key factor in
obtaining these results. Anyway, although the
subjects had scarcely worked with composite
states, the difference in the mean values are much
smaller than in the case of the first experiment,
where the diagrams that used composite states
were much more efficiently understood than the
others.

Without | 173 | 0.018106 | 0.005440

0.00496 | 0.03109 | 0.3649 | -0.3192

Table 4. Descriptive statistics of the understandability efficiency {replication)
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In the replication, we also applied an ANOVA
and obtained the results shown in Table 5.

Again, we do not study the effect of the
mteraction of sources nor the Group factor, as the
significance level for this is 0.129 and the test
power was 0.451. In this case, the value of the
factor CS is also below 0.05, as happened in the
original experiment. So, again in the replication,
the results show that using composite states in
UML  statechart diagrams  affects  their
understandability efficiency. In this case the effect
is negative (see figure 2) and makes the
understandability decrease, but as we have
remarked before, this effect is a consequence of
the lack of experience that the subjects had.

022
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018

,-'/
_’/
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| -~ S ATM
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Figure 2. Understandability efficiency profile plot
from the replication

6.283E-04 1 6.283E-04 48.519 0.000
1.981E-03 153 1.295E-05
1.606E-03 1 1.606E-03 124.044 0.000
1.981E-03 [53 1.295E-05
4.827E-05 1 4.827E-035 2.326 0.129
3.994E-03 | 192.445 | 2.075E-05
3.759E-03 176 2.136E-03 1.649 0.001
1.981E-03 153 1.295E-05
8.737E-02 1 8.737E-02 | 4210.117 0.000
3.994E-03 | 192.445 | 2.075E-05
Table 5. ANOVA results for understandability efficiency in the replication

4. Threats to validity

We must keep in mind 2 number of validity issues
that are typically related to experiments of this
type.
First, the subjects were not professicnal
modelers. Obviously, we would expect much
better results if the subjects wers mare
experienced. However, the limited difficulty of
the tasks and the different UoD’s make the
students become suitable experimental subjects, as
they are much easier to work with than some
othets. Nevertheless, further replications of these
expetiments using people already working in this
profession would be really interesting.

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

In order to alleviate possible effects of
learning and fatigue, we counterbalanced the order
in which treatment combinations were given to the
subjects; furthermore, the subjects were assigned
at random to each possible freatment order
sequence. T'o minimize plagiarism, the experiment
instructor encouraged an honest performance of
the experiment and was present in the room
throughout.

Finally, in order to decrease a possible
‘session effect’, in the replication the subjects
were randomly assigned to the session in which
they performed the experimental tasks.
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5. Conclusions and future work

The appearance of the MDA, and hence the
emphasis to be put on the models, has favoured
that UML statechart diagrams have become an
important technique in the describing of the
dynamic aspects of a software system.

In previous works [3] we have studied the
relationship between many of the constructs of the
UML statechart diagrams and the effect that they
have on the understandability of the diagrams,
based on a set of metrics that we had previousty
defined and validated [2]. In these works we had
found that the effect of the composite states on the
understandability of the UML statechart diagrams
was not clear. So we designed and performed a
controlled experiment and a replication in order to
evaluate this effect. The experiment and its
replication were carried out by students of two
different Spanish Universities. The results
obtained show that the use of composite states
improves the understandability efficiency of UML
statechart diagrams if the subjects have a certain
level of experience in working with this kind of
UML diagrams. Thus, we can conclude that using
composite states when modeling the behavior of
systems through UML statechart diagrams makes
them more understandable.

These findings give greater justification than
ever for putting special emphasis on the use of
composite states when teaching UML statechart
diagrams in Software Engineering courses.

In spite of these encouraging findings, we
considered them to be prefiminary.  Further
validation is needed, to be performed with
cxperienced practitioners, as well as by taking
data from real projects. When we have obtained
conclusive results about the effect of composite
states on the understandability of UML statechart
diagrams, we will investigate the optimal nesting
level within the composite states,

It could also be interesting testing the
hypotheses again but using other experimental
design in which the effect of interaction is not
confounded, in order to obtain more knowledge
about it.

Once UML 2 [14] is adopted as standard by
the OMG we will study the metamodel
corresponding to the statechart diagrams, in order
to find out if the findings presented in the present
work are also wvalid for this version of the
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language. In addition, we will investigate whether
our proposed metrics [2] could be used as
maintainability indicators of UML 2 statechart
diagrams.
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