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Abstract— Class diagrams may be used as learning resources
for the generation of software engineers’ competencies. How-
ever, when they are open learning resources, they could lack
information about the quality they contain. It may represent
a drawback in the generation of the competencies since defects
included in them can hinder the learning objective that generates
the competencies. This work reviews 109 open class diagrams to
identify the most common defects; it also analyzes some related
work to identify what are the quality attributes that must exist in
class diagrams and the metrics used to evaluate them. The review
of the class diagrams is performed based on the attributes and
values proposed in the related works. As a result, 15 defects and
their frequency in Class Diagrams were identified. In addition,
four Class Diagram cases are presented and explained according
to the evaluation of the quality attributes.

Index Terms— E-learning, learning resources, UML class dia-
gram, systematic review.

I. INTRODUCTION

NOWADAYS, electronic learning or E-learning is consid-
ered as a means that can solve education and training

needs in different areas. In universities, it is frequently used
because it offers facilities to deliver courses to students who do
not necessarily have a condition of place and time. As for the
industry, e-learning is a useful tool for training or empowering
their employees. There are some differences when it comes
to e-learning in universities and e-learning in training and
coaching. However, a problem shared by the two areas is that
learning resources (LR) do not necessarily meet the learning
objectives for which they are used and it may have its origin
in their quality. This work considers the definition of LR
as described in [1], which defines it as an instrument to
present and transmit educational material, such as images,
maps, diagrams, videos, and written material such as books
and scientific articles.
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In this paper, a review of Unified Modeling Language
(UML) class diagrams (CD) available on the Internet is
described to identify which are the most common defects in the
diagrams and which generate some affectation regarding their
quality and, therefore, the learning objectives and the desired
competences may not be achieved. Defects are reviewed based
on other related work that identifies the quality attributes that
CD should have. Those defects span from a lack of readability
to faults in the correct application of the object-oriented para-
digm. This work first describes the problem being addressed,
then shows the methodology for the review of defects in the
CD and finally, the related works that propose attributes and
some quality metrics for the diagrams are described.

II. BACKGROUND AND PROBLEM DESCRIPTION

According to [2], the design of learning resources has
been a subject of research. Through the use of computer
technology and even more since the advent of the Internet,
the proliferation of educational resources is growing year after
year, hence the relevance of the review described here.

Open learning resources such as UML CD is a case that
draws attention, since there are many UML CD that are avail-
able on the Internet and that can be used for teaching in uni-
versities and in training in the workplace. This is particularly
applicable in the training of Software Engineers who also seek
to achieve competencies to meet the demands of employers.
However, the diagrams can have one or more defects and
those defects that can prevent both the learning objective and
Software Engineer’s competencies from being achieved. The
ultimate goal of this work is to use the information on the
most common defects identified to define a quality model for
CD, in which quality attributes and a way of measuring them
are identified to offer quantitative information to users of the
CD. This allows the use of the quality resources used in the
teaching-learning processes.

CD defects are reviewed based on other works that identify
quality attributes that UML CD should have.

Those defects range from a lack of readability to failures in
the correct application of the object-oriented paradigm theory.
Here, we first describe the methodology for reviewing defects
in CD and then we will describe related work proposing
attributes and some quality metrics for the diagrams.

III. METHODOLOGY

The methodology of the review is based on the work in [3],
and consists of six general activities:
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TABLE I

INCLUSION CRITERIA

TABLE II

EXCLUSION CRITERIA

1) Identification of the object from which information is
required: in this case, they are free access UML CD on
the Internet and available for download.

2) Use of keywords for CD search: the search uses key-
words or key search strings, the most commonly used
being: “UML class diagram,” “Line crossing class dia-
gram,” and “UML class diagram quality.” Using these
search strings, a very large set of UML CD was obtained,
although some of the CD were duplicated and as a result,
it was decided to review 145 CD.

3) Inclusion and exclusion criteria: Once the search words
or strings were selected, the inclusion criteria described
in Table I and the exclusion criteria described in Table II
were determined.

4) Analysis of the CD: From the application of the inclu-
sion/exclusion criteria, the number of CD reviewed was
reduced from 145 to 109. In addition, defects such as
inconsistencies, lack of readability, lack of abstraction,
line crossings, and excessive use of “square corners” in
lines that represent relationships, amongst others, were
identified. In Table III, defect types and their frequency
are listed; there are 323 in total, identified in the 109 CD
analyzed, being non-complying colors [4] as the defect
that occurs the most times in the CD.

5) The following strings were used to search for related
works: “UML class diagram,” “Line crossing class
diagram,” and “UML class diagram design quality.”
Scientific databases or sources are ACM, IEEE Xplore,
and Springer.

6) Research questions:

TABLE III

NUMBER OF DEFECTS FOUND IN CD BY QUALITY ATTRIBUTE

Q1: What are the most common defects in UML CD?
Q2: What are the approaches for measuring CD quality used

by the authors in related work?

IV. RESULTS

The answer to question Q1 is as follows. The analysis
of 109 CD allowed the authors to find a set of defects that can
prevent the understanding of them. In Table III, the 15 types
of defects and their frequency are listed, making a total of
323, with an defects average found of 2.96 occurrences for
each CD.

Also, the redundancy of attributes and operations as well
as the readability of the diagrams are the defects with a large
number of occurrences.

CDs with poor readability are very difficult to interpret
and were discarded. A problem that prevents the correct
interpretation of the CD is that in many cases, they do not
contain annotations that explain their functionality.

For the purposes of explaining the defects more clearly, four
analyzed CD test cases are described. Likewise, some original
figures are shown with the same quality as they were found
in Internet.

Case 1: Fire Extinguishing System. This case is shown in
Fig. 1 [5], in which classes “Hidrante,” “Agua pulverizada,”
“Rociador automatico agua,” “BIE,” and “Espuma fisica” have
a long line association relationship with a class called “Sistema
Abastecimiento.”

Additionally, attributes are repeated in several classes,
which means that the CD does not respect the abstraction
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Fig. 1. Fire extinguishing system CD [5].

principle. That is, the classes that represent types of extin-
guishers that are fluid-based — “Hidrante,” “Agua pulver-
izada,” “Rociador automatico agua,” “BIE,” and “Espuma
fisica” — have attributes “Caudal“ and “Reserva” that are
repeated in each class.

The diagram also represents the classes with a background
color, which is not recommended according to [4]. In [6],
it is recommended to minimize the “square corners” of the
relationships since it is easier to follow straight lines than
to follow lines that change direction. For the purpose of this
review, those learning resources that show relationships with
more than two “square corners” were considered.

For this case, the proposed solution consists of adding
an abstraction or superclass called “Fluido” and inheriting
the characteristics involved to the subclasses “Hidrante,”
“Agua pulverizada,” “Rociador automatico agua,” “BIE,” and
“Espuma fisica” corresponding, as shown in Fig. 2.

Case 2: Model of the design of a metric. In Fig. 3
[7], attributes in classes “CalculableConcept,“ “Concept-
Model,” “Unit,” “Tool,” “Method,” “ElementaryModel,” and
“GlobaModel“ are repeated. In the same way, long line rela-
tionships and multiple square corners may generate confusion
when interpreting the diagram.

Likewise, the diagram presents colors such as red, purple,
and yellow on the edges and background, which contravenes
the recommendation of [4] to represent the diagrams in black
with a white background.

Case 3: Model of a sports social network. In the example of
Fig. 4 [8], background colors are used in classes and borders,
which is not in accordance with the recommendations of [4].

Fig. 2. Proposed solution to fire extinguishing system CD.

Fig. 3. Design model of a metric [7].

In addition, it shows inheritance and association relation-
ships that repeatedly intersect with each other, which make it
difficult to keep track of every relationship in the diagram; it
contravenes the recommendation of [9], minimize the number
of line crossings, the length of lines, and the number of bends
or square corners in the same relationship.

The diagram in Fig. 3 is difficult to understand since
it shows many long relationship lines with multiple square

Authorized licensed use limited to: INFOTEC - Centro de Investigacion e Innovacion en Tecnologias de la Informacion y Comunicación. Downloaded on November 29,2022 at 18:10:56 UTC from IEEE Xplore.  Restrictions apply. 



354 IEEE REVISTA IBEROAMERICANA DE TECNOLOGIAS DEL APRENDIZAJE, VOL. 17, NO. 4, NOVEMBER 2022

Fig. 4. Model of a sports social network [8].

cornered lines. Fig. 4 shows a large number of crossing
associations, inheritance relationship lines, and aggregation
and composition lines.

Following the recommendation of [10], to minimize the
number of line crossings since the greater the number of
crossings the more difficult it is for human eye to detect
which classes are connected to each other, making it difficult
to interpret the CD. Nonetheless, it is important to make sure
that the system used to build the diagrams is configured so that
the line types can be drawn differently in a way that crossings
are minimized.

Case 4: Park Management Class Model. The example in
Fig. 5 shows a diagram for the management of an amusement
park. An example of a defect is the lack of abstraction of a
class corresponding to a super class of transport “Vehiculo”
and “Vagon,” and as a consequence, there is attributes
redundancy.

So, the proposed solution is to add the corresponding
abstraction creating the class “Transporte,” which contains the
common attributes of the means of transportation, as shown in
Fig. 6, and thus allows attributes and operations inheritance.

The proposed solution for this case is to place the attributes
and operations in a new abstract class that inherits those
characteristics common to the classes “Vehiculo” and “Vagon.”
In addition, the attribute “Num_max_ocupantes” can be placed
in the class “Atraccion“ to be inherited to all its subclasses as
it is shown in Fig. 6.

Fig. 5. Theme park management class model.

Fig. 6. Proposed solution to theme park management class model.

The answer to question Q2 is as follows. The analyzed
works are classified into four approaches: a) Aesthetics of
UML CD, b) Degree of Understanding, c) Metrics for the
Quality of the UML CD, and d) Tools to Measure the Quality
of the UML CD. Table IV classifies the related jobs within
the identified approaches, the green box indicates that the job
addresses the approach, and the black box with the X indicates
the opposite.
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TABLE IV

DETECTED APPROACHES IN RELATED WORK

V. RELATED WORK

A. Aesthetics of UML CDs

In this section, two works were identified. The first work
[12] proposes a set of guidelines regarding the aesthetics of
the UML diagram presented. It mainly focuses on improving
the quality of diagrams through compliance with established
rules, as well as time spent on building the diagrams. The
characteristics that are considered in the diagram are: design,
structure, layout, and semantics. The issue of correctness is
also addressed. The authors of this work conclude that more
work and experimentation is required since the results are not
conclusive; it is not yet possible to determine if a better-quality
CD may be obtained with the application of the proposed
guidelines.

In the second work [9], the authors present an approach
in which the size of the UML CD is the fundamental thing
regarding its understanding. The described hypothesis refers to
the fact that the larger the diagram, the designer who models it
has a poor performance, while a small diagram is easier to use
and interpret regardless of its quality. The authors propose four
principles for the construction of CD: 1) Principles of graphic
design and visualization. 2) Minimization of crossings, bends,
and line size. 3) Notations such as the order of visual elements
focused on visual flows, minimization of visual clutter. 4) The
practical part, use of colors, sizes, and positions that serve as
a guide for readers.

B. Degree of Understanding of the UML CD

In [13], the authors carry out a review of the state of the art,
in which they show a study focused mainly on the understand-
ing of software process models and analyze different types of
diagrams and aspects of UML. The authors conclude that more
studies are required to mature the knowledge on this topic.

In [14], the authors present a study focused on understand-
ing the UML CD mainly from a semantic point of view; they
carry out reviews through a tool called SDMetrics® [15] and
through a data dictionary that was created by experts. The
assessment values range from 0 to 1, with a value of 0 being
a poor assessment for this study and a value of 1 being an

excellent assessment. The authors conclude that they must
carry out further studies to validate all of the hypotheses.

C. Metrics to Measure the Quality of the UML CD

In [16], the authors present a work in which they review
several groups of metrics proposed by [17] and [18]. The
authors’ objective is to propose algorithms to calculate the
metrics based on the mapping of the metadata of UML CD
XML files. The authors present the algorithms to perform the
calculations and measurements of the metrics based on the
data extracted from the CD, incorporating these algorithms to
a tool mentioned as UML Refactoring.

In [19], the authors analyze Open Educational Resources
(OER) that benefit Software Engineering. They mention both
physical and electronic OERs, focusing mainly on electronic
resources such as videos, massive, open online courses and
multimedia games. The main interest is to identify resources
that can help to improve learning in Software Engineering by
establishing criteria related to software requirements, project
management, testing, and refactoring. OER evaluation criteria
such as content quality, usability, and educational value are
taken into account; however, they do not mention how to
evaluate those attributes.

In [20], the authors aim to improve the quality of UML
CD through the use of Genetic Algorithms. An inter-object
coupling metric is used to measure the degree of dependency
of system components. The work focuses mainly on clas-
sify classes and establish their relationships through genetic
algorithms. As a result, it is shown that genetic algorithms
have the potential to evaluate UML CD; however, the authors
mentioned that more studies are required in this regard.

In [21], the authors present an analysis of 22 UML dia-
grams in which 11 attributes such as: number of attributes,
number of child classes, number of relationships, and number
of generalization hierarchies. The authors also describe the
quality metrics used and conclude that future work is required
in order to evaluate when the size of CD is increased, the
variety of types of cases, as well as working with Soft-
ware Engineering professionals for better validation of the
results.

Similar to [16] and [21], in [22] the authors present a study
that aims to perform an analysis of metrics for the development
of UML CD in the object-oriented model. The authors review
a set of interrelated metrics found in the CD, although the
review is realized on code. The study is justified in the analysis
of software metrics with dependency patterns to provide an
interpretation of each of these dependencies.

In [23], the authors propose a set of metrics based on
CMMI, taking into account three quality models: syntax,
semantics, and aesthetics. Although 13 types of UML dia-
grams are mentioned in the work, the main topic is the
CD. The authors establish a connection between the quality
models considering that a possible defect in one of them would
produce defects and incorrect interpretations of the others. The
review of the elements of the diagrams focuses mainly on the
correctness of the same, based on integrity, consistency, and
symmetry.
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D. Tools to Measure the Quality of the UML CD

The work in [24] presents the description of a set of
rules and tools for Software Engineering, particularly for the
UML CD. In particular, the deal with CASE tools is strongly
oriented to implementation instead of visual diagrams. It lists
a set of rules regarding the layout of the CD and also about
the drawing of the CD and their aesthetics. Different tools are
reviewed, including Java libraries and graphics. The article
provides information regarding the current rules used in the
representation of UML CD and some tools to work with them,
but emphasizes that these tools do not consider all aspects of
the diagram.

In [25], the authors present an analysis between two types
of UML diagrams — CD and sequence diagram — making
a comparison in the inconsistencies found when passing the
content of the first diagram to the second. The main idea of
the authors is to develop an algorithm and the corresponding
tool. In order to comply with it, the authors establish certain
rules that both class and sequence diagrams developed in
Enterprise Architect must contain and be exported to XML for
later analysis. This work also proposes that the rules should
consider other types of UML diagrams.

In [26], although the authors propose the degree of under-
standing of the UML CD as one of the attributes to be eval-
uated, their main proposal is a tool for collecting information
regarding the metrics on the understanding of CD, but without
mentioning the techniques used to collect and to process the
information.

The work [27] describes a tool called TUPUX. The tool
works with a set of rules that refer to the association, aggre-
gation, generalization, and association relationships between
classes. A comparison is made between the result of graduate
and undergraduate students to determine if the established
rules are correctly applied; as a result, the students wrongly
identified the relationships between classes and as a conse-
quence, an incorrect calculation of function points metric.
The authors are considering carrying out future work with
different case studies to obtain more precise results regarding
the applicability of the model in the industry.

VI. CONCLUSION AND FUTURE WORK

Software development processes have the inherent charac-
teristic of being difficult processes; this is derived from the
fact that the main software product is intangible. Therefore,
it is necessary to direct efforts towards facilitating the achieve-
ment of learning the elements of the development processes,
of which the construction of CD in the design phases of any
process model is an activity that requires knowledge of the
object-oriented paradigm and sufficient creativity to be able
to apply the paradigm in generating a solution to a problem
that needs to be addressed.

Learning software design is an activity which can greatly
improve the quality of the learning resources that are used
and thus have a positive impact on the competence of the
next generation of Software Engineers with the role of CD
designers. The review presented here shows that the learning
resources called open CD, under the inclusion and exclusion

criteria, contain several errors that range from the shape
(e.g., the lines, colors, types of text, etc.) to the background.
In other words, the theory and principles of the object-oriented
paradigm are not fulfilled in such a way that when someone
wants to learn with these learning resources, they will possibly
have poor or incomplete learning, thus preventing the training
of Software Engineers’ competencies. Sometimes, one type
of defect can lead to another type of defect. For example, a
problem of misapplying the concept of abstraction can lead
to a readability problem and that same time, it can lead to a
comprehensibility problem and then there may be a sequence
of defects.

The four cases analyzed may have more defects than those
indicated in their section; however, not all defects are corrected
as the intention is to show some examples.

The works described in Section IV were taken as a basis to
establish what can be a defect in CD.

Taking simplicity into account as an attribute that must exist
could possibly reduce the number of defects in diagrams,
but designing with simplicity is a difficult competence to
obtain. From the analysis carried out, it may be concluded
that some conceptual modeling principles are not considered,
which indicates that a model only presents what is necessary
to be understood. Additionally, from the 109 cases studied,
it can be suggested that a good practice is to put or identify
the client class in a diagram.

Likewise, a very simple defect such as the lack of anno-
tations resulted in something very important to facilitate the
understanding of the solution that the CD represents.

Considering the problem described in Section II, a future
work is the need for a quality model in which the quality
attributes required in the CD are defined, complementary to
those already proposed in the related works, and the way to
measure them. Also, tools are needed to automatically perform
the evaluation of the CD without depending on the presence of
experts in the field, to refactor the CD, and to make corrections
at the design stage of software development. It is very notable
that some related works conclude on the need to extend studies
on the subject.

Additionally, it can be mentioned that the differences in the
notations of the diagrams make it difficult to understand the
CD, so it is suggested that equivalences be established and
these can be used in all CD development tools.

Finally, we conclude that this work can be a guide in the
selection of open learning resources for Software Engineers,
not only from CD but other types of resources.
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