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a b s t r a c t

Context: The conventional wisdom states that stereotypes are used to clarify or extend the meaning of
model elements and consequently should be helpful in comprehending the diagram semantics.
Objective: The main goal of this work is to present a family of experiments that we have carried out to
investigate whether the use of stereotypes improves the comprehension of UML sequence diagrams.
Method: The family of experiments consists of an experiment and two replications carried out with 78,
29 and 36 undergraduate Computer Science students, respectively. The comprehension of UML sequence
diagrams with and without stereotypes was analyzed from three different perspectives borrowed from
the Cognitive Theory of Multimedia Learning (CTML): semantic comprehension, retention and transfer.
In addition, we carried out a meta-analysis study to integrate the different data samples.
Results: The statistical analysis and meta-analysis of the data obtained from each experiment separately
indicates that the use of the proposed stereotypes helps improving the comprehension of the diagrams,
especially when the subjects are not familiar with the domain.
Conclusions: The set of stereotypes presented in this work seem to be helpful for a better comprehension
of UML sequence diagrams, especially with not well-known domains. Although further research is nec-
essary for strengthening these results, introducing these stereotypes both in academia and industry could
be an interesting practice for checking the validity of the results.

� 2011 Elsevier B.V. All rights reserved.

1. Introduction

The Unified Modeling Language (UML) [1] is a widely-accepted
standard notation for expressing models within the software
development process. However, the main drawback of this lan-
guage is that, due to its general-purpose nature, the set of general
modeling constructs it provides may not be suitable for a specific
purpose and hence the modeling might not be effective [2]. To ad-
dress this drawback, several studies propose the improvement of
modeling with UML by customizing it with the extension mecha-
nisms inherent in the language (e.g., stereotypes, OCL constraints,
and tag values). In particular, stereotypes are used to clarify or ex-
tend the meaning of model elements and to introduce new model-
ing elements, reusing the syntax of similar elements already
available in the language.

In our experience, stereotypes are often used in industrial con-
texts and their use spans from use cases to class diagrams. Indeed,

companies use stereotypes within their development processes to
specialize general processes aiming to fit them to a particular tech-
nology in use, such as programming languages (e.g., C#, Java),
application type (e.g., real time, Web applications, client–server,
standalone), reusable components used (e.g., Microsoft Foundation
Class Library, Enterprise Java Beans Library) or simply to give more
detailed guidelines to the practitioners involved in the system
development processes. The use of stereotypes is also widespread
in academia, giving students some practical instruments for guid-
ing software design and filling the information and representation
gap of UML standard language. Well-known stereotypes widely
used in industry and academic contexts are Conallen’s stereotypes
[3], which are also supported by the most extensively-used UML
Case Tools, such as ARGO UML, Enterprise Architect and STAR
UML. Today, these case tools are widely employed in industrial
contexts.

Although the use of stereotypes has already been widely ac-
cepted in software modeling, it is interesting to have empirical evi-
dence about whether they really contribute to building better
models. In recent years, several studies addressing this question
have been conducted in the field of Software Engineering [2,4].
They focus on investigating the influence of stereotypes on the
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comprehension of UML class and collaboration diagrams. The rea-
son for focusing on comprehension is because it is widely recog-
nized that comprehension is one of the main factors influencing
maintainability [5–8], and it must be assessed from the first steps
of the software lifecycle, in the modeling phase (see related work
in Section 2). An UML diagram must be well understood before
any change can be introduced when maintaining it.

Nevertheless, the influence of stereotypes on the comprehen-
sion of requirement models, such as UML sequence diagrams, has
not been investigated yet. This fact has motivated us to develop
the research presented in this work. We focus on UML sequence
diagrams, since they are a widely used technique for reasoning
about object interactions needed to realize a given scenario of a
functional requirement. In addition, we consider the comprehen-
sion of these diagrams, since this is essential in the validation of
requirement specifications among developers and stakeholders. A
sequence diagram must first be understood before any desired
changes to it can be identified, designed, or implemented.

The main goal of this paper, therefore, is to present a family of
experiments to investigate whether the use of stereotypes im-
proves the comprehension of UML sequence diagrams. Specifically,
we consider a set of stereotypes that have been proposed to enrich
the semantics of interaction messages in UML sequence diagrams
in the context of a Requirements Engineering approach for mod-
el-driven software development [9,10]. The benefit of using these
stereotypes is twofold. Firstly, they can improve the comprehen-
sion of UML sequence diagrams, and secondly, they provide spe-
cific information about how to transform each individual source
element in the transformation of UML sequence diagrams into con-
ceptual models in a model-driven development process.

We started investigating our hypotheses by means of a con-
trolled experiment, as in [11]. Our decision to address the above is-
sues by using controlled experiments stems from the many
confounding and uncontrollable factors that could blur the results
in an industrial context. In addition, during the earlier stages of an
investigation, controlled experiments enable the investigators to
understand the issues at stake better, as well as the factors to be
considered. Furthermore, controlled experiments enable the
assessment of whether the results obtained on smaller artifacts
and tasks can at least be considered encouraging and if they can
justify further evaluation in more realistic settings.

A total of three empirical studies were conducted. The original
experiment was carried out with 78 Computer Science undergradu-
ate students at the University of Bari in Italy. Two replications of this
experiment were then conducted at the University of Castilla-La
Mancha in Spain to confirm the original findings, with 29 and 36
Computer Science undergraduate students. The goal was to provide
evidence for the generalization of the results by repeating the exper-
iment in different environments (using different subjects or
materials).

As well as the family of experiments, we performed a meta-anal-
ysis to aggregate the results obtained in the individual studies.
Meta-analysis has been recognized as an appropriate way to aggre-
gate or integrate the findings of empirical studies in order to build a
solid body of knowledge on a topic based on empirical evidence
[12,13]. Moreover, the need for meta-analysis is gaining relevance
in empirical research, as is demonstrated by the fact that it is a recur-
rent topic in various forums related to Empirical Software Engineer-
ing. In other areas, such as psychology or medicine, a single study is
extremely unlikely to be definitive. Dozens and even hundreds of
studies on the same topic may follow. In Empirical Software Engi-
neering, it is unusual for a large amount of studies concerning the
same topic to take place, but it is necessary to cross the borders of
individual studies to extract conclusions of a more general kind from
families of experiments, with or without significant results. This is
the reason why we also performed a meta-analysis of our data.

This paper is organized as follows. Firstly, related works on the
empirical evaluation of UML diagram comprehension and specifi-
cally with regard to the use of stereotypes are presented in Section
2. The definition of stereotypes for UML sequence diagrams is ex-
plained in Section 3. The description, execution and data analysis
of the family of experiments is described in Section 4. A meta-anal-
ysis to provide a global analysis of the individual experiments is
presented in Section 5. Finally, the conclusions and a discussion
on future research work are set out in Section 6.

2. Related work

The most empirically-studied quality attribute is undoubtedly
comprehensibility, especially in UML diagrams [5,6,14–20]. The
explanation for this is that the ease with which respective UML
diagrams can be understood affects how they must be maintained,
tested, etc.

To be more specific, with respect to the use of stereotypes in the
comprehension of UML diagrams, which is the focus of this piece of
work, there are several relevant publications in the literature. The
following should be highlighted, among others:

� Staron et al. [21] reported a controlled experiment aimed at
evaluating whether stereotypes improve efficiency and effec-
tiveness of reading techniques for software inspections. The
results showed that the presence of stereotypes improves both
aspects of the reading techniques. The efficiency is increased by
76% and the effectiveness by 17%. It was their intention to verify
whether the increased comprehension of software artefacts
results in improvements of inspection techniques. The results
from this experiment seem to support the hypothesis that it
did indeed do so. In other words, the experiment provides evi-
dence that the presence of stereotypes in UML designs improves
the correctness of models after the inspection process, since ste-
reotyped models contained fewer faults (more faults were
found in the models during inspections). An additional outcome
of the study is the identification of a reading technique which is
potentially the most suitable one for inspecting UML designs
with stereotypes. As it appears, the Checklist-Based Reading
technique is the most efficient technique and the Perspective-
Based Reading technique is the most effective one.
� Staron et al. [2] presented a set of four controlled experiments

conducted both in academia and in industry, on a total of 72
subjects. The results of all four experiments, aimed at evaluat-
ing the role of stereotypes in understanding UML models, con-
firm that the use of stereotypes improves UML model
comprehension and show the magnitude of the improvements.
Improvements were achieved in the following three aspects: an
increase in the number of correct answers in the tests checking
the level of understanding, a decrease in the time required for
answering the questionnaire, and a decrease in the relative time
for a correct answer. The first experiment was conducted in aca-
demia with the largest number of subjects. It was also repli-
cated with industrial subjects in the fourth experiment, to
obtain industrial validity of the results. The order of presenting
stereotyped and non-stereotyped models was chosen in such a
way as to be different for each experimental group. Since this
order of the presentation of the models in experiment rounds
could influence the results, another experiment was conducted.
This changed the order of model presentation.. The results
showed that the order could influence the results, but that there
was still improvement after introduction of stereotypes. Fur-
thermore, the graphical icons used for representation of stereo-
types in experiment objects could be the main factor in the
improvement. To address this threat, the researchers conducted
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the third experiment, in which the icons were replaced by a
text. Even in this case, the introduction of stereotypes showed
improvements. Finally, the fact that the study subjects were
students could be one of the factors influencing the results, so
the fourth experiment was conducted in the same way as the
first experiment, with subjects that were professionals in indus-
try. Considerable improvements were achieved in all four
experiments for stereotypes that were represented both as text
and with icons. The stereotypes with their graphical representa-
tion as icons improve the understanding of UML models more
than stereotypes represented as textual adornments of model
elements. The claim is based on the evaluation of the hypothesis
with statistical significance testing for three experiments and a
qualitative analysis for the industrial experiment. The largest
improvement was achieved in the case of the industrial exper-
iment. The results of the industrial experiment were in accor-
dance with the expectations based on the division into
different types of subjects. Thus, although the number of profes-
sionals participating in this study was small, the results were
fully aligned with those of the original study and therefore it
was regarded as valid.
� Ricca et al. [4] reported results from a family of experiments

aimed at investigating the effect of stereotypes in software
comprehension. In particular, the experimentation consisted
of three replications, involving both graduate and undergradu-
ate subjects, in which the task was the understanding of a
Web application documented with Conallen’s stereotyped class
diagrams or pure UML class diagrams (control group). The level
of ability of the subjects involved was ranked according to the
scores they had obtained in previous courses. Results indicate
that the use of stereotypes is not the only factor which influ-
ences the comprehension performance. Non significant results
are obtained when this factor is considered alone. On the other
hand, combining this factor with the degree of experience and
ability, results become (statistically) significant and much more
interpretable. Interesting implications can be derived for the
practitioners. Novice users obtain most benefits from stereo-
typed design diagrams and their performance shows smaller
variability than when using standard UML only. Experienced
users are likely to prefer more traditional and standard informa-
tion sources. Derivation of the missing information is probably
not a major impediment for them. Results suggest that organi-
zations employing developers with low experience can achieve
a significant improvement in performance by adopting stereo-
typed UML diagrams for Web applications.

The literature review described above reveals that comprehen-
sion of stereotyped diagrams is a principal concern in the context
of UML modeling, but that the contribution of stereotypes with
which to improve the comprehension of UML sequence diagrams
has not been investigated yet. This fact has motivated us to carry
out the family of experiments presented in the current paper.
The first experiment of the family has been presented previously
[22], but it will not be referred to as related work, since it will be
introduced in Section 4 together with the rest of studies of the fam-
ily to make the comprehension of the whole family easier.

Research in all the literature reviewed has influenced the design
of this study, as we used the experiences reported and best prac-
tices to design the experiment.

3. Stereotypes and UML sequence diagrams

UML indicates that sequence diagrams are a means to model an
aspect of the dynamic behavior of a system [23]. They can be used

in the context of the whole system, or of a subsystem; they can be
attached to a Use Case, or to an object service. Some authors indi-
cate that at least one sequence diagram should be drawn per Use
Case [23,24], in order to describe the expected behavior of the
Use Case. When a sequence diagram is developed for a Use Case,
the Use Case description can be employed to develop at least the
initial draft of the sequence diagram. Throughout the design pro-
cess the Use Case diagram can be revised based on the results of
the sequence diagram, and vice versa, until both models are appro-
priately tuned [25].

A sequence diagram has two dimensions: the vertical dimen-
sion represents time, and the horizontal dimension represents
the different object types (classes). Time proceeds down the page
and there is no significance to the horizontal ordering of the object
types.

Lamsweerde [26] draws the distinction between specification of
interactions at type level or at instance level. When using a se-
quence diagram at the type level, it represents a pattern interaction,
which is a set of messages among object types with which to carry
out behavior. When using a sequence diagram at instance level, it
represents a concrete set of object interactions, i.e., an example
of a type level scenario.

The emphasis of type level sequence diagrams is on graphically
representing the pattern interaction between object types by send-
ing and receiving messages as time advances. In addition, when
using type level sequence diagrams to realize a Use Case, the focus
should not be on specifying detailed behavior with complex itera-
tions and conditional messages (the how) but on the interactions
that are needed to perform the Use Case purpose (the what). This
difference means that when specifying the Use Case behavior at
the type level not all the interactions are needed to be represented
in the pattern interaction but the essential ones (the specification
of those interactions representing design decisions and control
flow are deferred to the design phase).

There must be one sequence diagram per Use Case. In the case
of alternative course of actions (if any), they will be represented as
fragments of the sequence diagram using the operator fragment
‘‘alt’’ with the corresponding guard expression, following the
UML 2.2 notation. To build the corresponding sequence diagram
for a Use Case at the type level, we analyze each Use Case at two
levels:

� Use Case diagram level: actors that communicate with the Use
Case.
� Use Case specification level: the set of steps or responsibilities

to be performed to accomplish the Use Case.

At the Use Case diagram level, an actor can send and/or receive
information to/from the Use Case. Every Use Case has at least one
actor, which is the Use Case initiator, along with other collaborat-
ing actors. All the actors are potentially object types to be taken
into account for the sequence diagram.

At the Use Case specification level, the main task is to obtain the
set of responsibilities implied by the corresponding Use Case steps
in the Use Case description. Essentially, when the Use Case receives
a stimulus (an external interaction), the system produces a set of
interactions between its internal components as a response. These
interactions are represented as messages among types of objects
(i.e., classes) in the sequence diagram.

As defined in UML 2.2, ‘‘the profile mechanism has been specif-
ically defined for providing a lightweight extension mechanism to
the UML standard’’ [1]. A part of a profile definition is a set of ste-
reotypes. A stereotype is a new modeling element defined by
extending one existing element in the UML meta-model. Stereo-
types provide more information in a given context of use than that
given by the usual modeling element.

J.A. Cruz-Lemus et al. / Information and Software Technology 53 (2011) 1391–1403 1393
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In [9], a specific classification for sequence diagram messages is
presented. This classification uses stereotypes to distinguish the
type of the messages used in the sequence diagrams according to
the effect of the message. The main purpose of providing these ste-
reotypes is to improve the comprehension of sequence diagrams
according to the nature of the interactions, in addition to the syn-
tactical names that can be assigned to them. According to a classi-
fication of stereotypes in object-oriented languages [27], these
stereotypes can be considered as a restrictive stereotype since they
do not change the semantics of the base element (message) but ex-
tend and modify it.

The four proposed stereotypes are:

� ‘‘signal’’. It is used with messages that represent interactions
between actors and the system interface. Actors communicate
with the system, sending stimuli to the system interface. The
system interface sends back answers to the actors.

� ‘‘service’’. It is used with messages that represent the change of
the internal state of an object of the receiving object type. In this
type of messages, the source of the message can be an object
type, or the system interface. The target of the message is
always an object type. Three different kinds of services have
been identified: the creation of an object, the destruction of an
object, and the update of an object state. In order to identify
the kind of service, three tags can be attached to the stereotype:
{new}, {destroy}, and {update}, respectively.
� ‘‘query’’. It is used with messages that represent queries about

other objects or about class population. In the context of a
sequence diagram, due to the encapsulation of the object, this
kind of interaction is the only way of knowing the state of other
objects. It is also important to express the multiplicity of the
expected answer by using a tag value (e.g., 0. . .1, 1. . .1).
� ‘‘connect’’. It is used with messages that capture an important

kind of object interaction (although sometimes it is difficult to
identify this kind of interaction at first sight). In the object-ori-
ented model, there are many ways that an object can be related
to other objects (e.g., associations, aggregations, compositions).
In particular, when dealing with object interactions in early
phases of the software development, we need to recognize if
an object can be a part of another object or if it can just be asso-
ciated to (related to) other objects. Due to the encapsulation
property, these are the only way an object can have access to
another object’s internal. For this reason, when an object is cre-
ated (or later in the object lifecycle) we must know which other
objects are related to it. This kind of interaction is specified
using the ‘‘connect’’ stereotype. It is also important to express
the multiplicity of this interaction by using a tag value (e.g.,
0. . .1, 1. . .1, 1. . .�) meaning how many objects are needed
(optional one, exact one, one or many, etc.).

Although the UML 2.2 standard [1] defines a set of general pre-
defined stereotypes that can be used in UML (annex. C of the UML
Superstructure – Standard Stereotypes), depending on the L2 or L3
level of compliance with the UML, there are no specific stereotypes
for sequence diagrams. For this reason, specific methods or tools
should extend the notation and meaning provided by the standard
UML features if they need to have a semantically richer modeling
notation.

In Fig. 1, we present an example which shows the stereotyped
interactions (messages) that are needed to realize a Use Case at
the type level for selling products (items) in a conventional store.
The explanation of the main interaction/messages is also given be-
low. Please note that, due to the emphasis on specifying what is
needed to realize the Use Case (the what not the how), control flow
interactions are not specified.

� Messages 1 and 2. The cashier starts a sale. The first message rep-
resents the beginning of communication between the actor
Cashier and the Interface of the software system. The following
message introduce_sale_data provides the data which is neces-
sary to perform the operation. The stereotype used in both mes-
sages is ‘‘signal’’.
� Message 3. A new sale is created. This message implies the

responsibility of creating a new sale and registering its informa-
tion. We have named this responsibility create_sale and allo-
cated it to a class called Sale. As the purpose of this message
is the creation of a new object, the stereotype used is ‘‘service’’
with the tag value {new}.
� The loop block marks a group of messages that are repeated at

least one time. At this stage of the development process it is not
important to specify at the maximum level all the implementa-
tion details. But, if it would be necessary the analyst could intro-
duce some explanation in natural language when specifies the
minimum and the maximum multiplicity.
� Message 4. Each item to be sold has to be recorded. This action

implies the responsibility of registering information about the
items to be sold, the quantity, the discount, etc. We have named
this responsibility create_sale_line and allocated it to a class
called Sale-line. As a new object has to be created in order to
store some information, the stereotype used is ‘‘service’’ with
the tag value {new}.
� Message 5. The message select_one_item (with the stereotype

‘‘connect’’ and the tag value {1. . .1}) is identified because the
analyst determines that a Sale_Line must be related to one and
only one Item (product) assigned to it.
� Message 6. The system determines the item price and adds this

information to the current Sale_Line. This action implies the
responsibility of querying the object that stores the item price.
We have named this responsibility get_item_info with the ste-
reotype ‘‘query’’ and the tag value {1. . .1}.
� Message 7. Another responsibility of the Use Case is that of

updating the item stock when the item is sold. We have named
this responsibility change_stock and allocated it to the previ-
ously identified class Item. As the purpose of this service is to
change some data about one object, the stereotype used is ‘‘ser-
vice’’ with the tag value {update}.
� Message 8. At this point of the interaction, the actor Cashier ends

the sell by registering the items (products) to sell.
� Message 9. The system calculates the total amount of the sale

from the corresponding set of Sale_Lines. This action implies
the responsibility of querying the set of Sale_Lines. We have
named this responsibility get_subtotals with the stereotype
‘‘query’’ and the tag value {1. . .�}. The result is stored in a vari-
able named total.
� Message 10. The system then shows the information concerning

the total of the sale to the Cashier.

Note that on specifying a sequence diagram at the type level,
details such as parameters specification, iteration or control flow
are not the main focus, since we are mainly identifying and speci-
fying what interactions are needed to realize the Use Case. How-
ever, this detailed specification is considered optional in the
sense that depending on the context or on the point of view of
the analyst it can help to improve the understanding of the Use
Case. The data that the messages convey is very important but
the sequence diagrams do not focus on the manipulation of data
even though data can be used to decorate the diagrams. This is
in line with the UML Superstructure specification [1] that recog-
nizes that sometimes traces in the interaction specification do
not tell the complete story due to legal or other reasons. In our
case, the reason is that the interaction specification of sequence
diagrams has the main goal of identifying the relevant participants
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understanding their essential interactions. This activity leads us to
discover classes and services and not to describe the complete
behavior of the object types involved, which is responsibility of
the designers. In addition, we also highlight that the specific style
for describing and naming object types and interactions (mes-
sages) will always rely on the preferences, point of view, and
understanding of the developers.

Finally, the process of specifying a Use Case as an interaction of
collaborative objects continues thus until all the steps of the Use
Case description are defined in its corresponding sequence dia-
gram. Developers should verify this specification, looking for the
satisfaction of the Use Case purpose and they ought also to validate
it, together with users, during and after its construction. Compre-
hension is, therefore, a critical factor in the building and maintain-
ing of this type of diagrams.

4. The family of experiments

This section explains the main characteristics of the family of
experiments that has been carried out. The family consisted of a
controlled experiment (EXP) [22] and two strict replications of it

(REP1 and REP2), in which none of the dependent or independent
variables vary [28], as shown in Fig. 2.

The main goal of this family of experiments is to investigate
whether the use of stereotypes improves the understanding of
UML sequence diagrams. Therefore, by using the GQM template
for goal definition [28,29], the goal of our experiment is defined as
follows: ‘‘Analyze the use of stereotypes for the purpose of evaluating
it with respect to the comprehension of UML sequence diagrams from
the point of view of the researcher, in the context of undergraduate stu-
dents in Computer Science from a couple of universities in Italy and
Spain’’.

In order to run and report all the studies of this family of exper-
iments, we followed the recommendations provided in several
works [30,31]. The design of the experiments presented in this
paper is similar to that presented in [2].

We selected a balanced factorial design in which the group-
interaction acted as a confounding factor [32]. The objects were
UML sequence diagrams, with two possible values – stereotyped
diagram and non-stereotyped diagram.

All the subjects were randomly assigned to four groups (1–4). The
experiments consisted of two rounds. Two different diagrams were

Fig. 1. An example of a sequence diagram with stereotyped messages.

# students: 78 (Computer 
Science – 4th year) 
language: Italian 
location: University of Bari 
(Italy) 
date: February 2008 

EXP

# students: 29 (Computer 
Science – 3rd year) 
language: Italian 
location: University of 
Castilla-La Mancha (Spain) 
date: April 2008 

REP1

# students: 36 (Computer 
Science – 5th year) 
language: Spanish 
location: University of 
Castilla-La Mancha (Spain) 
date: April 2008 

REP2 

Fig. 2. Family of experiments road-map. The first replication (REP1) was performed by a set of Italian students that were attending a course at the University of Castilla-La
Mancha (Spain), which is why the materials were presented to them in Italian.
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presented to every subject in each group. To avoid a possible learn-
ing effect, the diagrams came from different application domains (A
– a hotel room booking and B – extras rental in a car-rental).

4.1. The planning of the experiments

The main features of the planning are described next:

� Subjects. The number of subjects of each study was shown in
Fig. 2.

The subjects had participated in two Software Engineering
courses in which they had acquired training in UML diagrams.
Their knowledge was sufficient for them to understand the non-
stereotyped diagrams given, and they had roughly the same back-
ground. They had knowledge about the use of stereotypes in gen-
eral, but they were taught about the stereotypes we proposed for
UML sequence diagrams in a training session organized to take
place the day before the experiment was carried out.

To avoid social threats due to evaluation apprehension, the stu-
dents were not graded on their performance. The participants
were, however, granted extra points in their final evaluation at
the end of the course.

� Experiment objects. The experimental objects consisted of four
diagrams, which is summarized below:
– DA-S: stereotyped diagram A and a general description of

each type of stereotype.
– DA-N: non-stereotyped diagram A.
– DB-S: stereotyped diagram B and a general description of

each type of stereotype.
– DB-N: non-stereotyped diagram B.

UML sequence diagram A–x described a car rental domain. It de-
scribed an ‘‘Extras Rental’’ Use Case which may occur alongside a
car rental (e.g., child seats, DVD player, Navigator). Diagram B-x
described a hotel domain. It described a ‘‘Book room’’ Use Case
which occurs when a guest rents a room in a hotel. These experi-
mental objects were presented in Italian or Spanish, in order to
avoid a possible negative language effect.

As an example, Appendix A presents the DA-N materials trans-
lated into English for the reader’s convenience. The original and
complete materials were presented in Italian and Spanish and
can be found at http://alarcos.esi.uclm.es/ExpStereotypes.
� Independent and dependent variables. There are two independent

variables in the family of experiments, the diagram type, with
values: S (stereotyped) and N (non-stereotyped), and the dia-
gram domain (A and B). By combining each level of the indepen-
dent variables we obtain four treatments, as reflected by the four
sequence diagrams which are the objects of the experiment.

Following certain suggestions concerning the measurement of
comprehension [33–35], we have used the CTML [36]. This choice
was made for several reasons. First of all, it focuses on words and
graphics, which are the elements in the UML sequence diagrams
grammar. Secondly, it provides principles for the design of effective
multimedia presentations which can be tested empirically. Thirdly,
it has evolved through years of work and development of experi-
mental instruments and methods related to model comprehension
[36,37].

By following the CTML, the comprehension of the UML
sequence diagrams has been defined through three variables:

� Semantic comprehension: The ability to comprehend the seman-
tics of the models.

� Retention: The comprehension of material being presented, and
the ability to retain knowledge from it.
� Transfer: The ability to use the knowledge gained from the

material to solve related problems which are not directly
answerable from it.

It was expected that due to the use of stereotypes which enrich
the meaning of the messages in the sequence diagram specifica-
tion, the reader of a stereotyped sequence diagram will have key
knowledge that is additional to what a reader of a non-stereotyped
one has for comprehension, retention and transfer tasks.

To add clarity, the quality model used (defined according to the
GQM approach [29,38]) is presented in Fig. 3, which also points out
the experimental hypothesis defined for each measure used.

In order to measure these variables, we have used three sepa-
rate tests based on questionnaires. Each comprehension measure
was computed as:

– Effectiveness: The proportion of correct answers provided in
each test (number of correct answers/number of questions).
This measure reflects the ability to understand the material pre-
sented correctly.

– Efficiency: The proportion of correct answers divided by time
(Effectiveness � 100/Time).

In this work, we call these values SCEffec/SCEffic (Semantic
Comprehension Effectiveness and Efficiency), TransEffec/TransEffic
(Transfer Effectiveness and Efficiency), and finally, RetenEffec/
RetenEffic (Retention Effectiveness and Efficiency).

� Hypotheses. For Semantic Comprehension we wished to test
the following hypotheses:

Null hypotheses:

– H1.1,0: stereotypes do not improve the subjects’ SCEffec when
attempting to comprehend a UML sequence diagram.

– H1.2,0: stereotypes do not improve the subjects’ SCEffic when
attempting to comprehend an UML sequence diagram.

Alternative hypotheses:

– H1.1,1 = qH1.1,0.
– H1.2,1 = qH1.2,0.

We analogously formulated a set of hypothesis H2 for Reten-
tion measures (RetenEffec and RetenEffic), and another set H3
related to the Transfer measures (TransfEffec and TransEffic)
(see Fig. 3).

� Instrumentation. The instruments used in the experiment
were three tests attached to each of the four treatments. In
each test the subjects were asked to write down the time
before starting to solve the tasks required in each test.

The tests are described as follows:

– Test 1: contained 10 questions concerning the semantics of the
diagrams. These questions can be answered using YES, NO (or
left blank), and were formulated in similar way than in [6,34].
This task was used to obtain SCEffec and SCEffic.

– Test 2: consisted of a ‘fill-in-the-blanks’ task in which the sub-
jects had to complete a test describing the functionality of the
diagrams. This task was used to calculate RetenEffec and
RetenEffic.
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– Test 3: the subjects had to name a set of new messages that had
been added to the original version of the diagrams (represent-
ing additional required behavior for the sequence diagram).
Only the message parameters were provided. This task was
used to calculate TransEffec and TransEffic.

4.2. The operation of the experiments

Before each of the experiments took place, the subjects at-
tended a seminar in which the stereotypes under study and their
use were explained. It was the first contact that all the subjects
had with these stereotypes and the seminar speaker and materials
were exactly the same in the experiment and the two replications.
As well as all this, the subjects were shown an example, similar to
the material used in the experiment and were told how to solve the
tasks in that example.

Each of the experiments consisted of two rounds. In each round,
each of the groups was given a different treatment. As previously
mentioned, in order to alleviate learning effect, we divided the
experimental subjects into four groups. We assigned the corre-
sponding diagrams to each group at random, but gave them out
in a different order in each case. Table 1 presents the outline of
the experimental operation. The description of each type of dia-
gram has already been presented in the previous section. This
assignment of diagrams corresponds with the selected balanced

factorial design with group-interaction confounding [32], which
permits the lessening of the effects of learning and fatigue.

4.3. The conducting of the experiments

The experiment and replications took place in a one and a half
hour session. In the 30 first minutes we explained how to perform
the experiment and randomly assigned the subjects to four differ-
ent groups. Within these groups, there were two pairs that re-
ceived the same models but in different order, so that the
possible learning effect could be alleviated. In this way, we worked
with two balanced groups.

They were conducted in a classroom, where the students were
supervised and no communication among them was allowed. Both
groups were located in the same room.

Each round (see Table 1) was performed in the following way:

� The subjects received the material for Test 1, which included
a UML sequence diagram and a questionnaire. After finishing
this task, Test 1 was handed back to the supervisor.

� The students received Test 2, which had to be solved without
the UML sequence diagram. After completing the tasks, Test 2
was handed back to the supervisor.

� The students received Test 3 and after solving this they
returned it to the supervisor, again without the UML
sequence diagram.

4.4. Data analysis and interpretation

In this section, we present, for each variable, the descriptive sta-
tistics and the results of the Kruskal–Wallis tests carried out to test
the formulated hypotheses in the different studies. Kruskal–Wallis
is the most appropriate test with which to explore the results of a
factorial design with interaction confounded [32,39], i.e., the de-
sign used in our experiments, when there is non-normal distribu-
tion of the data. All the statistical analyses presented in this section
were performed using SPSS [40].

Research 
Goal

What is the diagramsÕ
Semantic Comprehension?

What is the diagramsÕ
Retention?

What is the diagramsÕ
Transfer?

SCEffecSCEffec

SCEfficSCEffic

RetenEffecRetenEffec

RetenEfficRetenEffic

TransEffecTransEffec

TransEfficTransEffic

H1.1.0

H1.1.1

H2.1.0

H2.1.1

H1.2.0

H1.2.1

H2.2.0

H2.2.1

H3.2.0

H3.2.1

H3.1.0

H3.1.1

GOAL QUESTION            METRIC EXPERIMENTAL
HYPOTHESIS

Fig. 3. Quality model used and experimental hypotheses.

Table 1
Experiment rounds.

Round 1 Diagram type
S N

Domain A Group 1 Group 2
B Group 4 Group 3

Round 2 Diagram type
S N

Domain A Group 3 Group 4
B Group 2 Group 1
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Table 2 presents the descriptive statistics for the effectiveness
and efficiency for all the variables studied: Semantic Comprehen-
sion, Retention and Transfer. Cells in bold indicate the best sub-
jects’ performance in each one of the tests.

At a glance, we can observe that when the subjects used stereo-
types they obtained better values in 5 out of 6 variables.

More specifically, the tests related to SCEffec and SCEffic were al-
ways performed better when the diagrams contained stereotypes.
This indicates that stereotypes may improve the comprehension of
the sequence diagrams.

Retention variable shows a conflicting trend. RetenEffec mea-
sures how good the retention of the subjects is, independently of
the time taken: the time is taken into account with RetenEffic.
The results show that the subjects obtained better results in Reten-
Effec when they did not use stereotypes, while the scores were
higher for RetenEffic when they worked with stereotyped diagrams.
Therefore, the subjects who used non-stereotyped diagrams were
able to recall a greater number of correct functionalities of the
models, but the subjects with non-stereotyped diagrams per-
formed better if we related the number of correct answers to the
time spent answering the test. This is probably due to the fact that
stereotyped diagrams contain more information than those which
are non-stereotyped and thus prove to be more difficult to remem-
ber (not to understand!). The higher RetenEffic for the stereotyped
diagrams seems to confirm that the students answered what they
remembered in a short time and did not consider the rest of an-
swers Table 3.

Finally, as regards Transfer (Table 4), for both Effectiveness and
Efficiency the descriptive statistics point to better results in 2 out
of 3 experiments when the subjects used the stereotyped dia-
grams. Unfortunately, at this time, we have no explanation for
the contradictory data (0.513 and 0.567).

We have tested the hypothesis formulated with a Kruskal–Wal-
lis, obtaining the results shown in Table 5. Bolded values marked
with an asterisk (�) indicate a significance level below 0.05.

Analyzing the results shown in Table 5, we can argue that:

� The Ster variable (related to the use or not of stereotypes), on its
own, does not seem to significantly affect any of the indepen-
dent variables. However, when it is related to the domain it
always affects the retention and, in most cases, the transfer
too. This can indicate that using stereotypes improves the com-
prehension of the models especially in those domains that are
not completely well-known.
� The domain definitely affects all the variables and so does the

use of stereotypes when we evaluate its interaction with the
domain of the diagrams. This can be explained because one of
the domains was more difficult than the other.

So, as a conclusion from this data analysis and considering both
the descriptive statistics and the hypothesis testing carried out, we
can observe that the stereotypes presented in this work, as con-
firmed by descriptive statistics, improve the comprehension of
UML sequence diagrams but on the negative side, this result lacks
strong statistically significant evidence.

As scientists, we cannot reject the null hypotheses investigated
in this work and accept the alternative hypotheses (this could be
risky and misleading, in that these results might be a consequence
of the treatment or be determined by an interaction effect between
treatment and domain). As practitioners, however, by basing our
judgement only on the descriptive statistics we can conclude that
there is a tendency for stereotypes to improve, to some extent, the
three perspectives of comprehension according to the CTML [36]:
Semantic Comprehension, Retention and Transfer, especially in do-
mains that are not very familiar ones.

The effect of the domain seems reasonable, for when it comes to
understanding sequence diagrams, if the subjects are not familiar
with the domain; they rely more heavily on stereotypes. That is be-
cause they are familiar with the semantics of these, even if they
may not be totally acquainted with the semantics of the domain.

Table 2
Descriptive statistics for SCEffec and SCEffic.

Diag. type SCEffec SCEffic

EXP N = 69 REP1 N = 25 REP2 N = 30 EXP N = 69 REP1 N = 25 REP2 N = 30

�X SD �X SD �X SD �X SD �X SD �X SD

Stereot. 0.772 0.14 0.768 0.16 0.827 0.10 0.237 0.11 0.236 0.09 0.316 0.13
Non stereot 0.755 0.11 0.728 0.13 0.793 0.15 0.235 0.09 0.236 0.10 0.290 0.10

Table 4
Descriptive statistics for TransEffec and TransEffic.

Diag. type TransEffec TransEffic

EXP N = 69 REP1 N = 25 REP2 N = 30 EXP N = 69 REP1 N = 25 REP2 N = 30

�X SD �X SD �X SD �X SD �X SD �X SD

Stereot. 0.758 0.26 0.896 0.19 0.503 0.31 0.547 0.48 0.357 0.16 0.390 0.30
Non stereot. 0.722 0.28 0.736 0.23 0.513 0.31 0.567 0.50 0.340 0.24 0.323 0.26

Table 3
Descriptive statistics for RetenEffec and RetenEffic.

Diag. type RetenEffec RetenEffic

EXP N = 69 REP1 N = 25 REP2 N = 30 EXP N = 69 REP1 N = 25 REP2 N = 30

�X SD �X SD �X SD �X SD �X SD �X SD

Stereot. 0.706 0.19 0.794 0.16 0.661 0.21 0.282 0.14 0.332 0.17 0.353 0.16
Non stereot. 0.721 0.18 0.806 0.14 0.669 0.17 0.274 0.11 0.326 0.14 0.339 0.14
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Although these results are encouraging with respect to the use of
stereotypes, we are aware that more experimentation is needed
if more conclusive results are to be obtained.

4.5. Threats to validity

We must consider certain issues which may have threatened
the validity of the experiment:

4.5.1. External validity
External validity may be threatened when experiments are per-

formed with students, doubting the representativeness of the sub-
jects with respect to software professionals. In spite of this, the
tasks to be performed did not require high levels of industrial
experience, so we believed that this experiment could be consid-
ered appropriate, as suggested in the literature [28]. Our subjects
have enough knowledge to perform the required tasks. Also related
to external validity, even the original materials of the experiments
used UML 1.7, which was the most used standard notation in that
moment; we consider that the obtained results are still valid for
UML 2 sequence diagrams since changes in the new version of
the language do not affect the elements related to the proposed
stereotypes. Therefore, both the stereotypes and the results of this
study are equally valid in both versions of UML. The stereotypes
were proposed to express the different types of possible messages
in sequence diagrams. As there is nothing new in UML 2 that de-
serves a new type of message, in our opinion the proposed stereo-
types can be used exactly the same way in UML 2 sequence
diagrams. Besides, we also decided to update the version of the dia-
grams used because the materials are ready in case anyone in the
community wanted to perform an external replication. Finally, a
threat that might affect the external validity concerns the size
and complexity of the sequence diagrams used. In order to avoid
biasing the results, we decided to use relatively small tasks since
a controlled experiment requires that participants complete the as-
signed tasks in a limited amount of time. In all the experiments, the
participants had 1 h to complete three tests (each one with a UML
sequence diagram and a questionnaire attached), thus constraining
their size and complexity. In all the cases the requirements repre-
sented by the sequence diagrams used in the tasks have been se-
lected from actual software systems.

4.5.2. Internal validity
Internal validity threats are mitigated by the design of the

experiment. Each group of subjects worked on the domain in dif-
ferent orders. Nevertheless, there is still the risk that the subjects
might have learned how to improve their performances from one
performance to the second one.

4.5.3. Conclusion validity
The random heterogeneity of subjects is always present when

experimenting with students and we are also conscious that they
had no previous knowledge of the stereotypes used in the UML se-
quence diagram included in the experimental materials. Further-
more, if the knowledge of the students involved in the
experiment could be assumed to be comparable to that of junior
industry professionals, the working pressure and the overall envi-
ronment in industry is different. We assumed a homogenous back-
ground in the subjects, but this was not evaluated before the
experiment was carried out.

4.5.4. Construct validity
The hypothesis of equivalence between the complexities of the

domains was not confirmed by data analysis and this has been one
of the pitfalls of this work. In fact, there were relevant differences
in the subject performances which can be attributed to the differ-
ences in the diagram domains: the car rental diagram was found to
be much more difficult than that of the hotel.

5. Meta-analysis study

Although we have obtained and presented significant results
which showed that the use of stereotypes improves the way that
subjects comprehend the diagrams, we have decided to integrate
the results of the different studies, in order to obtain stronger
results.

There are several statistical methods that allow us to accumu-
late and interpret a set of results obtained through different exper-
iments that are inter-related because they check similar
hypotheses [41–45]. In the present study, we have used meta-anal-
ysis because it allows us to extract more general conclusions, as
the experimental conditions were the same.

Meta-analysis is a set of statistical techniques for combining the
different effect sizes of the experiments to obtain a global effect of
a factor. As measures may come from different environments and
not be homogeneous, a standardized measure of each one needs
to be obtained and then those measures for estimating the global
size effect of the factor must be combined. In our study, the factor
is the use of stereotypes and how that affects the comprehension of
UML sequence diagrams.

To carry out the meta-analysis presented in this work we used
the Meta-Analysis v2 tool [46]. In this meta-analysis, for each var-
iable we used the mean value for the diagrams with stereotypes
minus the mean value for the diagrams without stereotypes, and
from these values we obtained Hedges’ g metric [42,47], which
we used as standardized measure. This value expresses the magni-
tude of the treatment effects- in our case the use of stereotypes-
relative to the within-group standard deviations.

Table 5
Kruskal–Wallis tests results.

SCEffec SCEffic RetenEffec RetenEffic TransEffec TransEffic

EXP Ster 0.354 0.969 0.718 0.920 0.468 0.841
Dom 0.847 0.019� <0.001� <0.001� <0.001� <0.001�

Ster�Dom 0.458 0.068 <0.001� <0.001� <0.001� <0.001�

REP1 Ster 0.155 0.756 0.961 0.786 0.004� 0.352
Dom 0.960 0.295 <0.001� <0.001� 0.002� <0.001�

Ster�Dom 0.547 0.668 <0.001� 0.005� <0.001� <0.001�

REP2 Ster 0.486 0.918 0.900 0.564 0.940 0.437
Dom 0.300 0.114 <0.001� <0.001� 0.747 0.801
Ster�Dom 0.664 0.472 0.001� 0.001� 0.987 0.874

ALL Ster 0.072 0.812 0.823 0.935 0.131 0.366
Dom 0.926 0.004� <0.001� <0.001� <0.001� <0.001�

Ster�Dom 0.281 0.031� <0.001� <0.001� 0.001� <0.001�
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The Hedges’ g metric is a weighted mean whose weights de-
pend on sample size (see Eq. (1))

Z ¼
P

iwiziP
iwi

ð1Þ

where wi = 1/(ni � 3) and ni is the sample size of the ith experiment.
The higher the value of Hedges’ g is, the higher the correspond-

ing mean difference is too. For studies in Software Engineering, we
can classify effect sizes into three different values: small (S – 0–
0.37), medium (M – 0.38–1.00) and large (L – above 1.00) [47]. Ta-
ble 6 summarizes the results we obtained in our meta-analysis. For
instance, an effect size of 0.5 indicates that the mean value ob-
tained when using it is half a standard deviation larger than the
mean when not using it. A positive value means that using stereo-
types improves the part of the comprehension measured by that
variable.

By way of example, we also present one of the meta-analysis re-
sults in diagram form, as provided by the Meta-Analysis v2 tool
[46]. Fig. 4 displays Hedges’g metric with a confidence interval of
95% for the TransEffec variable. Not all the studies contribute
equally to the overall conclusion, which is represented by the dia-
mond in the last row of the figures. Each of them receives a specific
weight in the meta-analysis, i.e., the study’s effect size, represented
by the squares in the figures. The estimations for studies with a
large sample size are more accurate, so they contribute more to
the overall effect. However, sample size is not the only factor con-
tributing to the weight of a study. The weight of a study is propor-
tional to the area of the corresponding square in the figures.

The effect size obtained is small in all cases, probably because of
the scarce number of studies used in the data meta-analysis. Nev-
ertheless, as we can see in Table 6 and Fig. 4, the results are consis-
tent with those previously presented and all the variables (except
for RetenEffic) present a positive effect, i.e. using stereotypes helps
to improve the semantic comprehension, transfer and retention of
UML sequence diagrams, so the meta-analysis strengthens the con-
clusions commented on previously.

6. Conclusions and future work

The main concern of this paper is to investigate the use of ste-
reotypes in the context of UML sequence diagrams, from three dif-
ferent perspectives of the comprehension of these diagrams:
Semantic Comprehension, Retention, and Transfer. This was done
through a family of experiments, consisting of a controlled exper-
iment and two replications of this.

The results obtained are twofold:

� On one hand, we have concluded that using the stereotypes that
we have presented in this work improves the comprehension of
UML sequence diagrams, especially when the domain of the
system that is being modeled is not really well-known. More
specifically, considering the CTML [36], and the results obtained
in the data analysis and meta-analysis, we can conclude that
using these stereotypes improves.
– The ability to comprehend the semantics of the models

(Semantic Comprehension).
– The ability to retain knowledge from it (Retention).
– The ability to use the knowledge gained from the material to

solve related problems which are not directly answerable
from it (Transfer).

� On the other hand, the magnitude of the results is not statisti-
cally significant enough to be generalized. Actually, the hypoth-
esis tests carried out and the meta-analyses done do show a
positive effect of the proposed stereotypes but, at the same
time, the size of this effect is too small to assume these results
to be definitive.

So, although the results show a tendency towards stereotypes
bringing improvement to the understanding of sequence diagrams,
further experimentation is needed to reinforce the results. We are
planning to carry out new experiments with practitioners instead
of with students, using larger and more complex diagrams and
considering two domains in advance. One of these will be well-
known by the subjects, but they will not be familiar with the other,
which means we will have one domain that is easier to understand
than the other. This would allow us to clarify the interaction effect
observed between domain and stereotypes, as well as to reach a
definitive clarification of the results obtained.

Comparing these results with those obtained in previous related
works [2,4], we can observe how they are all in concordance and the
use of stereotypes helps improving the comprehension of the
models.

Although further research is necessary for strengthening these
results, introducing these stereotypes both in academia and indus-
try could be an interesting practice for checking the validity of the
results.
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Appendix A

Next, as an example, we present the materials related to the
rent-a-car domain. For the reader’s convenience, the original mate-
rials have been translated into English.

A.1. Hiring of extras

This sequence diagram represents the hire of extras associated
with a car-rental contract. Each car hire contract has a set of extras
associated with it. For example, the hire of a mobile telephone,
child’s seat, etc. In the diagram the object, the object: ArticleType
represents a specific type of article of which there may be many
available for renting.

For example, there may be many GPS available for renting in the
firm.

WRITE DOWN THE PRESENT TIME(HH:MM:SS)
Answer the following Yes/No type questions:
1. Can a rental contract have various extras assigned to it?

———————

2. Is it necessary to create a new object to rent an extra?
———————

3. Must every extra of a rental contract be associated to a car
rental contract? ———————

4. Is it the system that identifies the contract with which the
rental of an extra is related? ———————

5. Would it be possible to hire three child seats for a car rental
contract? ———————

6. Does the type of car hired have any effect in the search for
types of articles to rent? ———————

7. Is it possible to up-date the stock to register the hiring of
more items out of those available? ———————

8. When an extra is rented, is a new type of car hire contract
created? ________

9. Does the search for types of articles allow us to know all the
kinds of articles that may be hired? ———————

10. Is it possible to assign the hiring of an article not in stock to a
car-rental contract? ———————

WRITE DOWN THE PRESENT TIME (HH:MM:SS)

A.2. Hiring of extras (2)

WRITE DOWN THE PRESENT TIME (HH:MM:SS)
Fill in the blanks in the following text to describe the function-

ality of the diagram:
The diagram represents the rental of extras associated with a

——————— of a car. Each may have a ——————— associated with it:
hire of a mobile telephone, child SEAT, GPS, etc.

In the diagram, the object: ArticleType represents a specific
———————, for example a GPS, of which there may be ——————— to
rent.

The process of rental starts when the user begins the ———————

of extras. The interface then carries out a ——————— to obtain the
types of ——————— which can be hired and these are shown back
to the user.

Later, and as long as articles are wished to be added, the process
set out below is carried out.

Firstly ——————— enters the data are to the system, namely the
kind of article, the quantity of items that have been chosen and
the ——————— contract to which the item will be assigned.

All this information generates a new instance of a ——————— ob-
ject to which the information set out above is sent. Then, the cho-
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sen ——————— is selected and its ——————— is modified. Apart from
this, the rental extra created is to the corresponding car hire
contract.

WRITE DOWN THE PRESENT TIME (HH:MM:SS) ———————

A.3. Hiring of extras (3)

When all the car-hire extras have finally been entered, the total
amount of extras should be worked out. If the total amount of ex-
tras comes to an amount exceeding a maximum (1000 euros), an
insurance policy should be created for these extras, taking into ac-
count the amount of these and the number of days of rental. This
policy should be assigned to an insurance company. A receipt of
the details of all this operation is shown at the end.

Please give appropriate names to the messages in the diagram:
WRITE DOWN THE PRESENT TIME (HH:MM:SS)

WRITE DOWN THE PRESENT TIME (HH:MM:SS)
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