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Abstract

Stereotypes were introduced into the Unified Modeling Language to provide means of customizing this gen-
eral purpose modeling language for its usage in specific application domains. The primary role of stereotypes
is to brand an existing model element with specific semantics, but stereotypes can also be used to provide
means of a secondary classification of modeling elements. This paper elaborates on the influence of stereo-
types on the comprehension of models. The paper describes a set of controlled experiments performed in aca-
demia and industry which were aimed at evaluating the role of stereotypes in improving comprehension of
UML models. The results of the experiments show that stereotypes play a significant role in the comprehension

of models and the improvement achieved both by students and industry professionals.

1  Introduction

The Unified Modeling Language (UML, [18]) is a general purpose modeling language, which has been gaining
popularity in the last decade and has become the de facto standard for modeling artifacts produced during ob-
ject-oriented software development. The language is composed of general purpose model elements and me-
chanisms, called extension mechanisms, which allow for customization of the language according to local
needs and requirements such as a specific domain, specific software development process or specific problem.
The notion of a stereotype is one of these mechanisms. The principle for using stereotypes in UML is that they
allow branding an existing element with specific properties. The intention of using the specific properties was
that the express some specific semantics associated with the branded model element. It seems that the notion of
stereotype can be used not only to express properties of model elements that are beyond the core semantics, but
also to introduce new virtual modeling elements which could improve quality properties of the models. This
role of stereotypes in UML was indicated by Atkinson et al. [1] and is still not well investigated. This role,
however, reflects the original intent of introducing stereotypes into object-oriented software development [28].
This paper is a contribution to the evaluation of the role of UML stereotypes in understanding of the UML en-

coded development models in both academia and industry. It presents a set of experiments designed to evaluate



the influence of stereotypes on the understanding of UML models. The set of experiments consists of four ex-
periments preceded by a pilot study. Our intention was to evaluate to what degree stereotypes help in the com-
prehension of UML models. In order to perform a thorough evaluation considering several aspects, we con-
ducted a series of experiments. The main evaluation is conducted in the first and the last experiment respective-
ly while the potentially confounding aspects are evaluated in two auxiliary experiments. The results from a
single experiment conducted in academic environment [15] cannot be generalized to industry professionals. A
replication of the experiment in industry [24], if considered in separation to the other experiments, might not be
generalizable to other contexts. Therefore, we performed a series of experiments in order to obtain the industri-
al validity of the results of the whole series of experiments and to use the series of experiments as stepping
stones in a technology transfer process from academia to industry. Using industry professionals as subjects in
experimentation is expensive and sometimes even impossible. In order to minimize the threat that the results
are not significant due to errors in the design of the experiment, the three experiments in academia was per-
formed in order to verify that the experiment performed in industry used the available resources to the best
possible extent. Performing a set of experiments in academia before replicating the experiment in industry al-
lowed us also to choose the optimal configuration of the experiment to replicate. The expectations of the re-
sults from industry in consequence allowed us to draw conclusions from the results of the industrial experiment
despite a smaller number of subjects in the industrial experiment.

The results presented in this paper show the degree to which the stereotypes could help in improving the
comprehension of UML models both in academia and in industry.

The structure of the paper is as follows. Firstly, the related work in the field of UML models and source
code comprehension is presented in Section 2. The role of the specific kind of stereotypes used in the experi-
ment is described in more detail in Section 3. The experiment design is described in Section 4. Section 5
presents the first experiment with student subjects and stereotypes. Section 6 presents two auxiliary experi-

ments aimed at evaluating whether certain elements in the experiment design do not influence the results of the



experiments. Section 7 presents the industrial experiment. Finally, Section 8 discusses the results of all four

experiments and Section 9 presents conclusions.

2  Related work

Stereotypes have been analyzed in different contexts in a theoretical way by Atkinson et al. [1-4], where the
authors discuss and analyze various scenarios of using stereotypes in UML designs. The experiment design
presented in this paper builds on the analyses in order to use appropriate stereotypes in an appropriate context
for empirical evaluation. The analysis of the notion of stereotype from the perspective of the expressiveness of
various stereotypes has been presented by Berner et al. [6], which also influenced the design of this study.

Each of the experiments presented in this paper follows an approach similar to that of other empirical stu-
dies in software engineering, object-orientation and UML, for example an experiment aimed at comparison of
the understanding of sequence and collaboration diagrams in UML presented by Otero and Dolado [20]. The
experiment conducted by Otero and Dolado provides results for evaluation of the diagrams for different pur-
poses and domains conducted with student subjects. Empirical investigations, such as our experiments and the
experiment presented by Otero and Dolado, provide tangible figures on how good or bad various alternatives
(that a software developer can choose) can be in practice.

Briand et al. [7] evaluate whether object-oriented documents are easier to maintain. Similar to our experi-
ments, it is an evaluation of two different ways of presenting equivalent information. The design of our expe-
riments uses the experiences reported in [7]. Additionally, the experiment presented in this paper is similar to
an experiment, presented by Hendrix et al. [10], on the influence of additional graphical information for source
code comprehension. As stereotypes are intended to abstract certain properties of designs, the results of the
experiments presented in this paper could be seen as evaluation of the way in which the abstractions are used in
UML designs — in a similar way providing abstractions of source code for the purpose of improving compre-

hension.



Basili et al. [5] advocate organizing experiments into families by modifying a base design of experiment or
subjects in each experiment in the family. In this manner, the results of separate experiments can be grouped,
thus facilitating knowledge building. Our set of experiments can be seen as a small family of experiments since
the experiments are closely related to each other and are based on a common design.

The UML 2.0 specification [19] introduces several changes to the definition of the notion of stereotype. Al-
though our experiments are designed in the context of UML 1.x family of languages, they evaluate the role of
stereotypes from the perspective of software developers (who are not language engineers), for whom the
changes in the definition of the notion of stereotype are not significant. Therefore, the results of our experi-

ments are valid for UML 2.0 as well.

3 Roles of stereotypes in UML

As defined in the UML specification documents [18], the main purpose for using stereotypes is to introduce
new semantics to the existing model elements. The UML definition of stereotypes involves the definitions of
other extension mechanisms — tagged values and constraints. The relationship between tagged values, con-
straints and stereotypes is analyzed by Gogolla and Henderson-Sellers [8] or Kuzniarz and Staron [13]. Stereo-
types allow extending the language in a way, which is consistent with the definition of the language and they
are useful in automatic model transformations, like for example code generation for a specific purpose [12, 21,
26].

Stereotypes and the new semantics expressed by them become even more important if they form profiles,
which are closed sets of stereotypes definitions. Profiles provide a way of grouping stereotypes according to
their purpose, allowing using UML for more specific needs. The most recognized profiles are the UML Profile
for Business Modeling — which is a part of the UML specification, the UML Profile for Schedulability, Per-
formance, and Time [17], the UML Profile for CORBA [16] and the Data Modeling Profile [9].

There is also another way of perceiving stereotypes. They provide a secondary classification of model ele-

ments. This concept was initially introduced by Wirfs-Brock et al [28], and discussed in detail by Atkinson et



al. [1]. Such stereotypes provide a means of expressing some classification of the stereotyped model elements,
adding properties, which cannot be defined for all model elements of the same kind, but only for some. This
kind of stereotypes can be called model simplification stereotypes [13], since they are intended to make models
less complicated, not always involving the definition of a new semantics. Such usage of stereotypes can help
readers of the stereotyped model to understand the model better. These stereotypes can also be classified as
transitive stereotypes according to the classification presented by Atkinson et al. [1], because they are added to
classifiers on the model level, but should also be recognized on the instance level. They are useful as a second-
ary classification mechanism [27] since they brand both the classifier and its instances with additional mean-
ing. An example of such a stereotype taken from the empirical study presented in forthcoming sections is
shown in Figure 1. The stereotype name is sender and it (in brief) means that instances of classes stereotyped
as a sender is able only to send telecommunication signals (defined in Section 4.1) to instances of other classes,
but cannot receive signals from other instances. In this sense, the stereotype is attached to a classifier (a class),
but its meaning and restrictions apply to the instances of this class. This explains the reason why the graphical
representation is attached to both the class and its instance. Further details on such applications of stereotypes
can be found in the discussion provided by Atkinson et al. [1]. The application of stereotypes to both classes

and objects is visible also in the diagrams presented in Appendix A.
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Figure 1. Example of a transitive stereotype. The sender stereotype is applied to a class (left-hand side), while its

restrictions apply to instances.

Transitive stereotypes could help to distinguish between instances of standard model elements and instances
of stereotyped model elements. The distinction seems to be useful in understanding the model and finding in-
consistencies in models, or logical errors. An evaluation of this role of stereotypes could reveal the extent to

which they influence the understanding.



4 Experiment design

The evaluation of the role of stereotypes in software development was done using a set of controlled experi-
ments. The set of experiments had the same basic design. Each experiment presented in this paper could be
summarized in the following way: “The goal of the experiment is to analyze the comprehension of UML mod-
els for the purpose of evaluation of UML stereotypes with respect to their role in understandability of UML
models from the point of view of the software developer in the context of UML domain modeling”.

The type of the experiment design was a paired comparison design [29]. The treatments were model types,
with two possible values - stereotyped model and non-stereotyped model. All subjects were assigned randomly
to two groups: group 1 and group 2. There were two rounds conducted in each experiment. Two different sets
of artifacts were presented to each subject in each group in each round. Table 2 in Section 4.6 summarizes the
artifacts and their presentation to the groups. To avoid a learning effect, the artifacts came from two different

application domains (A and B). The above are discussed in more detail in the following sections.

4.1 Experiment objects

The set of experimental objects consisted of four artifacts, summarized below. They are fully presented in [23]:

- Set A-S: stereotyped model A and description of stereotypes used in this model
- Set B-N: non-stereotyped model B,
- Set A-N: non-stereotyped model A,

- Set B-S: stereotyped model B and description of stereotypes used in this model.

Acrtifact set A-x describes a domain of radio and TV transmissions. It consists of a class diagram describing
different types of existing objects: for example radio station, retransmission station, different types of antennas,
etc., and a corresponding collaboration diagram describing one of possible situations such as sending a news
program across a country. Excerpts of these diagrams can be found in Appendix A and are described later in

this section.



Acrtifact set B-x describes a domain of GSM telephony. It consists of a class diagram describing different
types of existing objects: for example mobile phone, transmission station, connection to conventional tele-
phone network, etc., and a corresponding object diagram describing one possible situation of using the net-
work, like making phone calls at a given time.

The best solution would be to have the same models (e.g. A) in both rounds as described in Section 5.3, but
because of the learning effect in the second round it could not be done. If the subject saw the same model in
both rounds the observed improvement could be caused by the fact that they see the model for the second time.
Thus, another set of artifacts (i.e. B) was introduced, to avoid this situation. All the materials contained the
same information and are of approximately equal complexity.

The sets of experiment objects which use stereotypes are based on a telecommunication profile. This profile
was used as an example because the domain of telecommunication is intuitive with respect to the basic con-
cepts gathered in the profile, although other profiles can be used in the experiment. The telecommunication
profile contains stereotypes which should be seen as model simplification stereotypes according to the classifi-
cation of Kuzniarz and Staron [13]. Considering the classification of stereotypes by Atkinson et al. [1], the ste-
reotypes are classified as transitive stereotypes. In this paper, the definition of the profile is summarized in Ta-
ble 1.

The profile introduces the following modeling elements from the telecommunication domain:

- active elements: sender, receiver and transmitter;
- passive links between the elements: transmission lines;
- signals sent between the active elements: transmissions;

- format of the content of transmission: transmission content.



Stereotype Base class | Description

Sender Class It represents a class, which instances send telecommunication signals to in-

stances of other classes, stereotyped Receiver or Transmitter

Receiver Class This stereotype represents a class, which instances receive telecommunication

signals from instances of other classes, stereotyped Sender or Transmitter.

Transmitter Class It represents a class, which instances are used to relay telecommunication sig-

nals.

Table 1. Simplified stereotype definition table for the telecommunication profile

The stereotypes were presented to the subjects in a simplified form, which contained the representation and
the description of the stereotype.

Excerpts of two models, A-S and A-N, can be found in Appendix A. Each model contains two diagrams,
collaboration diagram and class diagram, which are presented in figures 10-13. The non-stereotyped models
use inheritance and notes describing the intent and restrictions of the element to substitute stereotypes. The
notes are attached to classes, since classes are regarded as definitions of objects. The description in the notes,
however, applied to objects. The reason for not attaching the notes to objects is that it would explicitly distin-
guish objects of different types from each other and in that sense it would not be different than stereotyping
and such a situation was identified as one of the threats to validity of the study. It can be observed that the ste-
reotyped collaboration diagrams provide more information about the intent of the objects and therefore are
more readable. The designs contain 30 objects in collaboration diagrams each and 11 (models with stereotypes)

or 14 (models without stereotypes) classes in class diagrams.

4.2  Subjects
The study reported here was carried out using software engineering (and related) students and software engi-
neering industry professionals. It was a desired sample of the population, as is explained later in this section.

There are three main potential cases (types of subjects), summarized as follows:



1. A subject has worse knowledge of UML than knowledge of the telecommunication domain,

2. Asubject has an equal knowledge on UML and the telecommunication domain, and

3. Asubject has better knowledge of UML than knowledge of the telecommunication domain.

The third type of subject is the worst-case situation. Given the knowledge of UML the subjects should be able
to better understand the model in standard UML than the model with stereotypes since the stereotypes are new
concepts, which the subjects are not used to. This is the situation in which the introduction of stereotypes could
deteriorate the comprehension of UML models. The introduction of stereotypes in this case requires an addi-
tional effort to learn them, whereas this effort is not required when standard UML is used. This could have a
negative effect on the introduction of stereotypes. Other kinds of subjects could be either expected to perform
better for stereotyped models (type 1) or at least equally well (type 2).

Students learnt UML during the object-oriented software development course, but they were not introduced
to the notion of stereotype nor the telecommunication domain which makes them subjects of the third type. On
the other hand, the industry professionals in the study work on the daily basis with UML and are familiar with
stereotypes and the domain (which makes them subjects of the second type). This type of subjects is expected
to achieve equal or larger improvement than the student subjects. Some indications on the differences between

student subjects and professionals are also given by Host et al. [11] or Tichy [25].

4.3 Independent and dependent variables
There was one independent variable in the experiment, the diagram type, with values: S (stereotyped) and N
(non-stereotyped). Understandability of the designs was measured by three dependent variables:
I. Total score: NRESP — the number of correct answers for each subject when asked questions about the
design.
Il. Time: TSEC - the time, measured in seconds, which was required to fill in the questionnaire.
I1l. Relative time for a correct answer: TSEC/NRESP - the time, measured in seconds per answer, which is

required to produce one correct answer.



The type of system could be considered as a second independent variable, but it was introduced only to minim-

ize the learning effect in the second round of the experiment, and therefore it is not an independent variable.

4.4  Hypotheses and data analysis methods
Each experiment tested the null hypothesis. If it was falsified, it would mean that the introduction of stereo-
types influences the understanding of UML models. The hypotheses were formulated as follows:

- Null hypothesis - Ho: Introduction of stereotypes does not influence understandability of UML mod-

els.

- Alternative hypothesis - Hy: Introduction of stereotypes improves understandability of UML models;
The hypotheses were evaluated separately for each variable. Each variable (TSEC, NRESP and TSEC/NRESP)
was tested for the normal distribution using the Shapiro-Wilk test. If the test indicated that a distribution could
not be classified as normal, a non-parametric Wilcoxon test was used to analyze the data. If the distribution
could be classified as normal, the parametric paired t-test was used. The tests are recommended for this type of
design by, for example Wohlin et al. [29], and their detailed description is presented by Siegel and Castellan

[22].

45 Instrumentation
The main instruments used in the experiment were two comprehension questionnaires that measure the level of
understanding of the presented UML models (one for each round). There were 12 questions in each question-
naire. The questions in the questionnaire concerning the same system, A or B, are identical regardless of
whether the model is stereotyped or non-stereotyped. There were three types of questions asked in each ques-
tionnaire:

1. asking for the number of instances of classes of a certain type: sender, receiver or transmitter;

2. asking for the number of different types of elements in the diagram; and

3. checking whether some elements were placed correctly according to their definition.



The questions allowed measuring the level of understanding of UML models in terms of correct answers.
An example of the first type of question is “How many receivers are shown on the object diagram A-S?” which
requires the subject to count objects that are either stereotyped “receiver” or inherit from the receiver class (in
case of non-stereotyped model). The second type of question concerned the class diagrams, to attract the atten-
tion of subjects to the definitions of objects and to enable them to get accustomed with the class diagram. A
sample question is “How many types (kinds) of transmitters are shown in class diagram A-S?” The original
diagrams contained more than one type of each element depicted by inheritance. An example of the third kind
of question is “A signal cannot be transmitted via more than 2 transmitters; otherwise it is too weak to be re-
ceived. How many too weak signals are shown in object diagram A-S?” It was aimed at checking the correct-
ness of the model, i.e. an inspection-like question.

Subjects were asked to write down the time before starting answering the questions and after completing the
questionnaire. The current time was displayed on the wall using a beamer. The measured total time for answer-
ing the questionnaire allowed for measuring the understanding of the model in terms of the required time to
answer the questions concerning the model.

After the experiment, there is a post-experiment phase, where the subjects were asked to fill in the third, ad-
ditional questionnaire about their background, prior knowledge of UML, prior knowledge of stereotypes and
experience in the fields of software development as well as object-orientation. This was required to check that
the subjects belong to the desired population. Since the participation in the experiments was not obligatory, the
questionnaires about the background of the subjects could not be distributed beforehand. Nevertheless, in our
experiments we knew the subjects and we knew that their level of knowledge about object-orientation, UML,
stereotypes and telecommunication domain was sufficient for the experiment. It allowed us to classify them as
the third type of subjects. In the case of industry professionals we had the possibility of having dialogues with

each of them before the experiment and based on that we could classify them into the second type of subjects.



4.6  Experiment operation

In the course of the experiment, there were two rounds. In each round, each of the two groups is given a differ-
ent treatment. Table 2 presents the outline of the experiment operation. The artifacts sets presented in the table
are described in detail in Section 4.1. In each round each subject got a different type of artifact set as presented

in Table 2.

Round 1 Round 2
Group 1 Set A-S Set B-N
Group 2 Set A-N Set B-S

Table 2. Experiment rounds

The design of the experiment includes a lecture, given directly before the experiment. The intention of the
lecture was to explain the notion of stereotypes and show some basic examples of the usage of stereotypes, but

it did not introduce the set of stereotypes used in the experiment.

4.7  Design validation — pilot study

In order to initially verify and validate the design of the experiment as well as identify potential flaws in the
design we conducted a pilot study. The pilot study was done with a group of two subjects, who were chosen
based on their knowledge of UML and telecommunication domain. Each of them was acting as one group as
described in Table 2. The results from the pilot study showed that there existed a confounding factor in the
study stemming from the design of experiment objects. For a subject who was given the stereotyped model in
the first round, the time for solving the assignment in the second round was shorter than in the first round. It
was because the subject used some of his knowledge about stereotypes from round 1 to introduce the stereo-
types to the non-stereotyped model in the second round. This introduction helped the subject to improve the

time for solving the assignment.



From the pilot study it was also found that one of the models (objects of the experiment) was slightly less
complex. There was also an ordering effect in the questionnaire, which made the introduction of stereotypes in
the second round easier and intuitional. A dialogue with the subjects proved that they perceived stereotypes as
helpful in understanding. The subjects indicated that one of the models was less complex.

As a result of the pilot study, the order of questions in the questionnaires was changed and the complexity
of all models was balanced. The pilot study also indicated the extent to which the introduction of stereotypes
could be useful. By introducing the stereotypes in the second round, one of the subjects showed that the set of

stereotypes was indeed helpful in understanding the model.

4.8 Threats to validity of the study related to the design

As any empirical study, this study has threats to its validity. The threats that stem from the design of the study
are grouped as suggested by Wohlin et al. [29] and presented below. Threats to the validity of an experiment
are described in its section.

One of the most important threats to construct validity is the effect of interaction of testing and treatment. In
group 2, each subject was given the stereotyped model prior to the non-stereotyped model. This could result in
the introduction of stereotypes into non-stereotyped model in the second round. Since it was indicated by the
pilot study, the ordering of questions was such that it minimized the effect and the models were prepared in a
way, that introduction of stereotypes required some effort, which could be seen in the analysis of times for
solving the assignment.

There is also a conclusion validity threat. Since the experimenters prepared the objects, there is a danger
that the complexity of the design documents is not the same as the complexity of real-world design documents.
On the other hand, the prior preparation of the objects resulted in an equal complexity of the models while the
unbalanced complexity was seen as a larger threat.

An external validity threat is that the results of the study should be used with caution if they are to be consi-

dered for the purpose of evaluating how the enriched graphical notation improves the understanding of models



by different stakeholders. The evaluation of how the stereotypes improve the communication between different
stakeholders would be possible if there were subjects of the first type in the study (knowing the domain better
than the UML notation would indicate that subjects of this type are different stakeholders than the subjects of
the third type — subjects that know UML better than the domain). It would require also a different empirical
approach — i.e. observation rather than a controlled experiment.

The design of the study was done in a way to minimize the threats to the internal validity of the study (al-
though sometimes introducing the other kinds of threats as discussed above), and thus there are no major

threats in this category.

4.9 Summary of the set of experiments

We have conducted three experiments in academia in order to ensure that the fourth experiment in industry
could be conducted as efficiently as possible given the potential problems with a small size of the sample in the
industrial experiment. The first experiment was performed with students as subjects. Its intention was to eva-
luate the influence of stereotypes on comprehension of UML models. The experiment was intended to be repli-
cated in an industrial setting. Nevertheless, before the replication we intended to verify that there are no poten-
tial confounding factors. One of these factors could be the order of presentation of experiment objects to sub-
jects. In order to verify whether this factor has an influence on the results, we have conducted another (i.e.
second) experiment in the academic setting. The results show that the order of presentation of objects does not
influence the results. The other factor that could potentially influence the results was the representation of ste-
reotypes in the experiment objects. In the first and second experiments the stereotypes were represented graph-
ically as icons which are an alternative to the textual representation of stereotypes. We have conducted the
third experiment to verify whether this factor could influence the results. The results of that experiment showed
that icons might have some influence on the results. After these two auxiliary experiments, we have eventually

conducted the fourth experiment in the industrial setting, which was an exact replication of the first experiment



except for having industrial professionals as subjects. The summary of the set of experiments is presented in

Figure 2. The auxiliary experiments are drawn with dark filling.

Experiment Design

Experiment in academia

. i

I —— P Auxiliary experiment in academia -
modified order

L —p Auxiliary experiment in academia
- modified representation

Experiment in industry

Figure 2. Summary of the set of experiments

Figure 2 summarizes the experiments conducted in our study and presents the experiments according to the
order they were performed in. The first experiment in academia was conducted exactly according to the expe-
riment design and is described in detail in Section 5.

The second experiment introduced changes to the order of presentation of objects in the study. Since two
systems could be used as experiment objects (systems A and B), the results obtained could have been influ-
enced by the fact that system A was used in the first round of the first experiment as presented in Table 2 for
both groups. In the first experiment the results for the non-stereotyped model for group 2 in the second round
could be influenced by the fact that even though the subjects were presented with different models, knowledge
of stereotypes could help subjects in understanding the model better. In this experiment we changed the order-
ing for group 2 — both groups were presented with the stereotyped model first. The experiment is presented in
Section 6.

The third experiment was the auxiliary experiment with modified representation of stereotypes in the expe-

riment objects. The icons representing stereotypes were replaced with text in the so-called guillements to



represent stereotypes. An example of a stereotyped element using this representation of one of the stereotypes

used in the experiment is presented in Figure 3.

«transmitter»

. «transmitter» Karlskrona : Station
Station

Figure 3. The transmitter stereotype represented in the textual form

The main reason for introducing the change to the experiment design in this experiment was to investigate how
much the comprehension was influenced by icons as such and not stereotypes that these icons represented.
Since the icons are an appealing graphical representation, the sole presence of icons and not for example re-
strictions on using the stereotypes represented by the icons, could be the factor that cause improvement in
terms of comprehension. Our intention was to verify whether it is the case in our experiments and hence the
modification of the objects of the study. The sequence of presenting objects to groups is according to the se-
guence presented in the experiment design in Table 2. The experiment is presented in Section 6.

After testing various alternatives of the experiment we decided to replicate the first experiment. The replica-
tion was done as the fourth experiment — the experiment in industry. It was conducted exactly according to the

experiment design and no changes were introduced.

5 Academic experiment

The first experiment was conducted during approximately two hours on a sample of 44 students of Software
Engineering at Blekinge Institute of Technology in Ronneby, Sweden in March 2003. At the start, the subjects
were given a 45 minutes lecture introducing the notion of stereotypes, explaining the usage of stereotypes and
its graphical representation. The telecommunication profile was not explained during the lecture. Then, the
subjects were divided into two equal groups using blocking. The blocking was done based on the study pro-
gram of the students and the laboratory group. Both groups were in the same room as the lecture. Then, the

subjects were given a short introduction to their task. The time was displayed with a beamer during the whole



time of experiment. The subjects were given the first comprehension questionnaire with stereotyped or non-
stereotyped model according to the group they belonged to. After completing the first comprehension ques-
tionnaire the subjects were given the second comprehension questionnaire and after completing the second one,
they were given the background questionnaire to fill in. The experiment was conducted in a classroom, where

the students were supervised and no communication among them took place.

5.1 Analysis of experiment results

Although the experiment was performed on a group of 44 students it was found that answers from only 39
subjects could be taken into consideration: 20 in group 1 and 19 in group 2. The results of five subjects were
removed due to some errors in choosing questionnaires, since two subjects solved two tests for the same sys-
tem, and personal issues as one subject did not hand in one of the questionnaires. The results of the experiment
indicate that introduction of stereotypes improves the understandability of UML models. It is interesting to
examine the results from different perspectives: each variable independently and relative times for a correct
answer - TSEC/NRESP. For each analyzed variable a bar plot is used as a presentation of the acquired data
before the statistical significance tests. The influence of stereotypes on the number of correct responses for

each subject is summarized in Figure 4.
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Figure 4. Number of correct answers for each subject. NRESP-S is the number of correct answers for the stereo-

typed model and NRESP-N is the number of correct answers in the non-stereotyped model.



The figure shows that there is a lot of variability in the data set although for the majority of subjects the cor-
rectness was larger for the stereotyped model. The times acquired from the subjects are summarized in Figure

5.
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Figure 5. Time spent (in seconds) for answering the questionnaire for each subject. TSEC-S is the time spent for

the stereotyped model and TSEC-N is the time spent for the non-stereotyped model.

The figure shows that for the majority of subjects the time required for answering the questionnaire is larger
for the non-stereotyped model.

The comparison between the relative times required for a correct answer in each round for each subject
gives an overview of the overall performance of a subject in each round. Figure 6 presents the results for each

subject.
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Figure 6. Relative time (in seconds) required for a correct answer. TSEC/NRESP-S is the relative time for the ste-

reotyped model and TSEC/NRESP-N is the relative time for the non-stereotyped model.



Subjects 7, 20 and 35 can be identified as outliers in the analysis for this variable, since their results are more

than two standard deviations away from the mean. They were not identified as outliers in the analyses of the

previous variables, because the data was more unevenly distributed as indicated by their larger standard devia-

tion.

The basic descriptive statistics for each variable for both treatments are presented in Table 3.

Variable Mean Standard Deviation

Non-stereotyped model NRESP 4.56 2.01

TSEC 1281 367

TSEC/NRESP 307 157
Stereotyped model NRESP 6.92 1.29

TSEC 967 260

TSEC/NRESP 147 56
Differences: NRESP 2.36 1.87
stereotyped - non- | TSEC -315 356
stereotyped TSEC/NRESP -159 137

Table 3. Descriptive statistics for the first experiment.

The descriptive statistics indicate that the null hypotheses regarding each variable could be rejected, which

is supported by the statistical significance testing which is summarized in Table 4. The column with the signi-

ficance level of the hypothesis testing contains the name of the test used. The usage of the test for each variable

is determined by the result of the normality test using Shapiro-Wilk test for normality for which the borderline

significance level is chosen to be 0.05.




Variable Improvement | Improvement | Significance level — | Significance level Ho-
[value] [%] Shapiro-Wilk accepted
NRESP 2.36 52 0.039 p<0.0001 (Wilcoxon) No
TSEC -315 25 0.074 p<0.0001 (paired t-test) | No
TSEC/NRESP | -159 52 p<0.0001 p<0.0001 (Wilcoxon) No

Table 4. Results from statistical significance testing

The results from statistical significance testing show that the null hypotheses for all variables can be rejected.
This means that the introduction of stereotypes improved the understanding of the models as measured by:
number of correct answers, time spent for answering the questionnaire, and the relative time for one correct

answer.

5.2  Threats to validity of the study

The main external validity threat is the sample, which may be considered as too homogenous, since it consists
of students of the same year. This in a sense is a desired effect since the students represent a group of subjects
that has the most undesired background for the evaluation. The results of the background questionnaire showed
that the subjects know UML in practical applications, at the same time they are not familiar with the domain at

the same level.

6  Auxiliary experiments
As mentioned previously, we conducted two additional experiments in order to verify the credibility of the de-
sign of the experiment before replicating it in industry. In this section we describe the experiments, briefly

summarize their results and present implications of the auxiliary experiment on the whole study.




6.1 Experiment with modified order of object presentation

Subjects of this experiment were students of the Information Systems Program at Blekinge Institute of Tech-
nology. Their knowledge of object orientation, UML, stereotypes and the telecommunication domain was
equal to the knowledge of the subjects in the first experiment. As the knowledge of all subjects was similar
seven subjects were randomly assigned to group 1 and eight subjects to group 2. The experiment took place in
a lecture room to which the students were accustomed to and no communication between them took place. The

students attended the same course as the students in the first experiment.

6.1.1 Summary of the results

The results of the experiment are summarized in Table 5. The differences in variables denote the difference
between the value of the variable for the stereotyped model and the value of the variable for the non-
stereotyped model, e.g. NRESP-S — NRESP-N. The difference is presented as a value of the difference and as a
percentage of the improvement/deterioration. As a basis for the calculation of the percentages, the value of the
variable for the non-stereotyped model was taken (although it is not presented in the table). The calculations
are the same as in Section 5. As in the case of the first experiment, the Shapiro-Wilk test was used with respect
to the normal distribution; the significance level of the test is presented in the table. The significance levels of
the Shapiro-Wilk test allowed using the paired t-test for statistical significance testing. The significance level

of the statistical significance testing is gathered in the last column in the table.



Variable Difference | Difference | Significance level — | Significance level — paired t-test
[value] [%] Shapiro-Wilk

NRESP 2.80 69 0.073 0.001

TSEC 1.47 0.15 0.655 0.987

TSEC/NRESP -155 52 0.102 0.003

Table 5. Summary of the results of the auxiliary experiment with modified presentation order

Statistical significance tests used show that the observed difference in means for NRESP and TSEC/NRESP
variables are significant. It means that the stereotypes improved understanding of UML models as measured by
the number of correct answers and by relative time for a correct answer. Average number of correct answers in
the test was higher in the case of the stereotyped model by 2.80 and the average relative time for a correct an-
swer was shorter by 155 seconds per answer in case of the stereotyped model. The values of the TSEC variable
indicate deterioration in the time required for answering the questionnaire. The average time for answering the

questionnaire was 1.47 seconds longer for the stereotyped model, but it was not found to be statistically signif-

icant.

As two out of three variables are significant and show improvement, we can conclude that the effect of the

order of presentation of objects to subjects does not influence the results. The non significant results for one of

the variables are a result of the small number of subjects in the study.

6.1.2 Threats to validity

In addition to the threats of validity of the experiment design there is a threat to conclusion validity in the case
of this experiment - a small number of subjects participating in the study. Only fifteen subjects participating,
reducing the power of the statistical significance tests used. Another threat is the lack of significance of the

paired t-test for the time spent for answering the questionnaire, but the comparison using the relative time for a

correct answer is significant.




6.2 Experiment with textual representation of stereotypes

The sample in this experiment consisted of students of the Information Systems Program at Blekinge Institute
of Technology. The students were in the same point in the course as students in the previous experiments and
their knowledge was similar to the knowledge of the students in the previous experiments. Nine subjects parti-
cipated in the experiment, four of them were randomly assigned to group 1 as defined in Table 2, and five sub-
jects were assigned to group 2. The experiment was conducted in a lecture room to which the subjects were

used and there was no communication between the subjects during the course of the experiment.

6.3 Summary of the results
The results of the experiment are summarized in Table 6. The Shapiro-Wilk test used for testing whether the
distributions can be regarded as normal allowed using the parametric test (paired t-test) in the case of NRESP

and TSEC variables. The TSEC/NRESP needed to be analyzed with the non-parametric test (Wilcoxon).

Variable Difference | Difference | Significance level — | Significance level
[value] [%0] Shapiro-Wilk

NRESP 2.33 45 0.905 0.065 (paired t-test)

TSEC -320 20 0.211 0.222 (paired t-test)

TSEC/NRESP -170 48 0.032 0.028 (Wilcoxon)

Table 6. Summary of the results of the auxiliary experiment with textual representation of stereotypes

The significance levels of the tests did not allow rejecting the null hypothesis on the equality of means for
NRESP and TSEC, which means that the observed difference is not significant. In the case of the
TSEC/NRESP variable, the observed difference is significant, which in turn means that stereotypes have influ-
enced the relative time for a correct answer — the average relative time for a correct answer was shorter in case

of the stereotyped model by 170 seconds per answer.




Based on the results, it seems that the presence of icons is an additional help in comprehension of UML
models as the sole presence of stereotypes resulted in a smaller improvements which are only statistically sig-
nificant for TSEC/NRESP variable. However, it should be noted that the result for NRESP (0.065) is close to
significant and hence the findings are in line with the second experiment. Stereotypes help in particular when

it comes to having correct answers and then also in the relative time for a correct answer.

6.4  Threats to validity

This experiment is burdened with a threat to conclusion validity — a small size of the sample in the experiment.
Only nine subjects participated in the experiment making the statistical tests less powerful. Although the im-
provements were not small, the variability of the improvements did not allow statistically rejecting the null
hypothesis in the case of separate variables NRESP and TSEC. Nevertheless, the significance test allows re-

jecting the null hypothesis of the equality of means in the case of the TSEC/NRESP variable.

7  Industrial experiment

The industrial experiment was conducted at Volvo Information Technology, at their site in Gothenburg, Swe-
den. The experiment was conducted during approximately two hours on a sample of four professionals chosen
randomly from the personnel involved in UML modeling. At the start, the subjects were given a short introduc-
tion the experiment and their tasks. Then, the subjects were divided into two equal groups using blocking. The
blocking was done based on short interviews with the subjects before the experiment. During the interviews
with subjects we were able to find out enough information to classify them into the second type — subjects who
have an equal knowledge in UML and the telecommunication domain. Both groups were in the same room.
The time was displayed with the beamer during the whole time of the experiment. The subjects were given the
first comprehension questionnaire with stereotyped or non-stereotyped model according to the group they be-
longed to. After completing the first comprehension questionnaire the subjects were given the second compre-

hension questionnaire and after completing the second one, they were given the background questionnaire to



fill in. The experiment was conducted in a meeting-room, where the subjects used to have regular working
meetings and no communication among them took place. Nevertheless, there was some discussion at the be-
ginning which led to clarification of certain concepts. Despite its presence, the discussion is not regarded as a
confounding factor because it was supposed to clarify certain concepts which the subjects understood different-
ly from the experimenters.

No changes were introduced into the design of the experiment; nevertheless, the statistical significance was

not tested due to the small sample size.

7.1 Experiment results

The results of the experiment indicate that the alternative hypothesis H; can be supported based on that the null
hypothesis could be rejected. The evaluation is based on the mean values without running statistical tests due
to the small sample size. Due to the small number of subjects in the industry study, the discussion of the results
is presented in Section 9, embedded in the context of the original experiment and the expected improvements
from the industry professionals.

The results of the number of correct responses for each subject are summarized in Figure 7.

s @ NRESP-N
0O NRESP-S

Figure 7. Number of correct answers for each subject. NRESP-S is the number of correct answers for the stereo-

typed model and NRESP-N is the number of correct answers in the non-stereotyped model.

Although it is not shown in the figure, the first subject did not provide answers to 7 out of 12 questions while

examining the stereotyped model. The subject answered all of the remaining questions correctly. It could be



caused by accidental omission of one page of the second comprehension questionnaire, since all questions that
were not answered were on the same page. Nevertheless, this page was not the last page and was included in
the comprehension questionnaire that was returned by the subject. Despite this situation, the subject was not
removed from the sample afterwards.

The time spent for answering the comprehension questionnaire is summarized in Figure 8.
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Figure 8. Time spent (in seconds) for answering the questionnaire for each subject.
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The results show that two subjects actually showed deterioration in the time for answering the questionnaire
and two subjects showed improvement. Despite that the magnitude of the improvements seems larger than the
magnitude of the deterioration.

Figure 9 presents the summary of the results from the industrial experiment with respect to the relative time

for a correct answer — TSEC/NRESP.
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Figure 9 Relative time (in seconds) required for a correct answer.

The figure shows that the fourth subjects achieved a large improvement for the relative time for one correct

answer. The descriptive statistics for all variables in the industrial experiment are presented in Table 7.

Variable Mean Standard Deviation

Non-stereotyped model NRESP 3.25 1.50

TSEC 1688 976

TSEC/NRESP 714 624
Stereotyped model NRESP 7.50 2.08

TSEC 1276 159

TSEC/NRESP 178 42
Differences: NRESP 4.25 3.50
stereotyped — non- TSEC -411 1033
stereotyped TSEC/NRESP -536 662

Table 7. Descriptive statistics for industrial experiment

The descriptive statistics indicate that the null hypotheses can be rejected. The introduction of stereotypes in-

creases the number of correct answers by 131%, decreases the time required for answering the questionnaire by

24%, and decreases the relative time for one correct answer by 75%.




7.2  Threats to validity of the study
A threat to the construct validity in this experiment is that the lecture before the experiment was shorter than in
the case of the other experiments. However there were fewer subjects and the experimenters were able to freely
discuss issues with them — in particular the level of understanding of the stereotypes — so this threat has been
minimized.

A threat to conclusion validity is the small sample size and thus the lack of statistical significance testing
which is minimized by drawing conclusions in the context of the first experiment, in which the size of the

sample was larger.

8 Discussion

The results of all four experiments differ slightly from each other. The descriptive statistics and improvements
of the experiments are gathered in Table 8. The values of TSEC, TSEC/NRESP, and percentages are rounded
to the nearest integer value except for the TSEC improvement in the second experiment, which is left more

precise due to its very small value.

Variable First experiment Second experiment Third experiment Industrial experiment
Value | Percentage | Value | Percentage | Value Percentage | Value Percentage
NRESP 2.36 52% 2.80 69% 2.33 45% 4.25 131%
TSEC -345 | 25% 1.47 0.15% -320 20% -411 24%
TSEC/NRESP | -159 | 52% -154 52% -170 48% -536 75%

Table 8. Summary of all experiments’ results. Significant results are in boldface.

The presented summary of the results for all the experiments shows that a statistically significant improve-
ment was achieved in half of the analyzed cases. There is only one case of a small deterioration — the deteriora-
tion in terms of time for answering the questionnaire in the second experiment presented in italics in Table 8,
which was not found to be statistically significant. The lack of significance in the statistical hypothesis testing

was caused by the small number of data points in the second and third experiments or by a variability of the



results as in the case of the TSEC variable in the second experiment. In the case of the industrial experiment,
the hypotheses were not statistically tested since there was too few data points.

The results from the industrial experiment allow for making statements based on only four subjects, which
is not a big sample. Nevertheless, since it is an exact replication of the first experiment performed in academia
except for subjects, the results can be discussed together for both experiments. The results show that the indus-
try professionals achieved larger improvements than students in the first experiment in the correctness (NRESP
— 131% vs. 52%) and relative time for a correct answer (TSEC/NRESP — 75% vs. 52%) analysis. The differ-
ence between the results in case of students and professionals can be caused by the difference in their back-
ground. According to the discussion in Section 4.2 regarding the types of subjects, the students in all experi-
ments can be classified to the third type — subjects who have a better knowledge in UML than in stereotypes
and the telecommunication domain. It was checked with the background questionnaire filled in by all subjects
in all experiments. On the other hand, the industrial sample based on the interviews was classified as subjects
of the second type, i.e. subjects with equal knowledge of both factor levels. As it was indicated in Section 4.2,
the subjects of the second type should perform at least equally well as the subjects of the third type. This was
the outcome in the case of this study. As the industry professionals are expected to perform better than students
based on their background (and did so), it seems that the results of the industrial experiment are valid and
trustworthy despite the lack of statistical significance testing. A detailed discussion on the expected differences
between the types of subjects has been presented by Kuzniarz et al. [14].

As far as the TSEC variable is concerned the industry professional in the fourth experiment achieved the
improvement which was smaller than the students’ improvement (24% vs. 25%) in the first experiment. How-
ever, the difference between improvements is rather small compared to the magnitude of the improvements
hence the results can be regarded as basically the same. As we indicate in Section 4.2, the performance of the
subjects of the second type is expected to be at least the same as the performance of the subjects of the third

type. The results of the industrial experiment for the TSEC variable seem to be trustworthy.



In general the stereotypes improve the correctness of understanding of UML models. Improvements were
achieved in all experiments — and half of the results were statistically significant. In all configurations of the
experiment design used in the presented set of experiments the stereotypes were found to improve the correct-
ness of understanding of UML models and improved the ability of subjects to find logical errors in the design.
The size of the improvement varies from 45% for the third experiment (stereotypes represented as text) to
131% in the industrial experiment (stereotypes represented by graphical icons). Supported by the fact that the
deterioration was achieved only in one case and it was a very small one, we could conclude that the stereotypes
improve the comprehension of UML designs.

The same is true with respect to the relative time for a correct answer — an improvement was achieved in all
experiments and the results were statistically significant in all experiments for which a statistical significance
analysis was performed.

Furthermore, the lowest improvements in terms of NRESP and TSEC/NRESP were achieved in the third
experiment, in which the stereotypes were not represented by graphical icons. One of the intentions of the aux-
iliary experiments was to check whether the results are biased towards stereotypes since icons were used to
represent stereotypes. We wanted to check whether there are improvements if we use text as a representation
for stereotypes instead of icons. The results show that the icons help, but they are not the only cause of the im-
provement. Any representation of stereotypes improves the understanding. Although the results are not signifi-
cant, they can be regarded in the course of qualitative analysis, since the lack of significance was caused by the
small sample size. The fact that the size of the improvement is smaller than in other experiments also increases
the external validity of the results — the smaller improvement could be expected since icons are more visible
than text in models.

On the other hand, during the second experiment there was a result that was in contradiction to other results
— deterioration in the time for answering the questionnaire (TSEC — deterioration of 0.15%, in italics in Table
8). Nevertheless, the correctness of answering the questionnaire was improved (NRESP - improved by 69%,

statistically significant). Such a result is an example of a situation for which we needed to provide two depen-



dent variables (TSEC and NRESP) in the study — the subjects were answering better when they were examin-
ing models with stereotypes, but it took them longer time to do so. In order to investigate whether it was an
actual deterioration or improvement, we calculate and analyze the indirect measure — the relative time for a
correct answer TSEC/NRESP — which in the case of the second experiment indicates a statistically significant

improvement of 52%.

9 Conclusions and further work
The paper presents a set of four controlled experiments conducted both in academia and in industry, totaling of
72 subjects. The results of all four experiments, aimed at evaluating the role of stereotypes in understanding of
UML models, confirm that the use of stereotypes improve UML model comprehension and show the magni-
tude of the improvements. Improvements were achieved in the following three aspects:

- anincrease in the number of correct answers in the tests checking the level of understanding,

- adecrease in the time required for answering the questionnaire, and

- adecrease in the relative time for a correct answer.

The first experiment was conducted in academia with the largest number of subjects. It was also replicated
with industrial subjects in the fourth experiment to obtain industrial validity of the results. The order of pre-
senting of stereotyped and non-stereotyped models was chosen to be different for each experimental group.
Since the order of presenting the models in experiment rounds could influence the results, we have conducted
another experiment — the second experiment presented here — which changed the order of presentation of mod-
els. The results showed that the order could influence the results, but there was still improvement after intro-
duction of stereotypes. Furthermore, the graphical icons used for representation of stereotypes in experiment
objects could be the main factor that caused the improvement. To address this threat we conducted 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 that



influence the results, so the fourth experiment was conducted in the same way as the first experiment with sub-
jects that were industry professionals.

Considerable improvements were achieved in all four experiments for stereotypes that were represented
both as text and with icons. The stereotypes with their graphical representation as icons improve the under-
standing 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 experiment. The results of the industrial experiment are in accordance with the expectations based on
the division into different types of subjects. Thus, although the number of professionals participating in this
study was small, the results are fully aligned with those of the original study and therefore can be regarded as
valid.

The presented results contribute to the evaluation of the role of stereotypes in software development. Fur-
ther research in this field should include an industrial case study on usage of stereotypes in more specific in-
dustrial applications, for example stereotypes defining a specific domain or a specific software development
process. Furthermore, the evaluation of the scale of improvement in understanding the models in the industrial
applications can be done by a case study. The results of the study can be a basis for evaluation of the cost of
introduction of stereotypes of different kinds. Such analysis is planned to be done in the next step of our re-

search.
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Appendix A — artefacts excerpts

Sample parts of models shown to subjects in the study are presented herein to give an overview of the dia-

grams. For the sake of simplicity, only parts of the models are included and only from one model (A), the other

model (B) was similar in the content, although it defined different elements (for instance telephones instead of

antennas).
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Figure 10 Excerpt from class diagram in artefacts set A-S (about 50% of the diagram)
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Figure 11 Excerpt from the collaboration diagrams from artefacts set A-S (around 20% of the diagram).
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Figure 12 Excerpt from the class diagram in artefacts set A-N (about 50% of the diagram).
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Figure 13 Excerpt from the collaboration diagram from set A-N (about 20% of the diagram).



