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Montevideo, Uruguay, 11300,
spizard@fing.edu.uy

and

Diego Vallespir
Universidad de la República, Facultad de Ingenieŕıa,
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Abstract

Background: With just over 50 years since birth, software engineering gathers more and
more topics. This diversity, which shows how broad and prolific the area is, also greatly
fragments knowledge. Efforts to develop classifications and taxonomies can collaborate in
ordering this knowledge. Objective: This work aims to contribute to organizing software
engineering education knowledge, a sub-area in which formalization is still necessary.
Method: We propose a process for the construction of controlled vocabularies. We
instantiated this process twice; first, using automatic clustering techniques to analyze
over 1,000 articles; and then, we focused on concepts related to teaching techniques
and methods. Results: We present a taxonomy with 60 terms with covers concepts to
be taught, methods to use, and where to do it. The ‘teaching approaches and methods’
category covers 26 terms with their definitions and most relevant references. Implications:
The taxonomy can be used by teachers and researchers to understand the breadth of
the field, to place their research initiatives in a broader context and to conduct more
rigorous searches in the literature. We believe it is necessary to continue working on the
taxonomy’s expansion and also to carry out validation activities, if possible, including
experts’ validation.
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1 Introduction

Software engineering is a discipline within engineering that develops all the aspects related to the production
of software, from the conception of the software to its operation [1]. As such, software engineering educa-
tion includes a great variety of topics such as communication skills, problem solving, design methodology,
negotiation, human-computer interaction, leadership, and ethics among others [2, 3, 4].

Software engineering education research is published in different conferences and journals. Some of them
are more specific and others are more general.

One important way of retrieving information is using keywords, which are assigned by the authors and
editors before each article is published. Frequently, the quality of the information retrieved by researchers
depends on the quality of the keywords used to label the articles. In areas that are not very mature or
not thoroughly studied, such as software engineering education, there are no consensual keyword lists. This
makes both labelling the articles and retrieving information difficult.

Furthermore, standardizing terminology in a thematic area provides benefits for several stakeholders
[5]: it can serve as a platform allowing researchers and members of the community to place their research
initiatives in a broader context; it can be a source of terms to understand the breadth of the field and
conduct searches in the literature; it can be a mechanism for editors of scientific journals to organize related
authors and research areas, identify the suitability of the submitted articles for the aim of the journal and
categorize the database of reviewers for a more appropriate allocation; and it can provide a method for
financing agencies to better classify the research areas in order to ensure a better distribution of the funds.

Another relevant benefit regards the improvement in the accumulation of evidence, for example, through
systematic literature reviews and mapping studies. Kitchenham et al. summarize the current difficulty of
not having a standard terminology to use in the systematic literature reviews for the entire area of software
engineering:

“Software engineering lacks strong taxonomies. The terms that we use are often imprecise, and
software engineers are rather prone to create new terms to describe ideas that may well be closely
related to existing ones. This can complicate searching since we need to consider all possible forms
of terminology that might have been used in the titles and abstracts of papers” [6]

The purpose of our work is to create a taxonomy of software engineering education. As a consequence,
and due to the lack of a process with a suitable level of formality, we define a disciplined process to guide
the creation or update of a controlled vocabulary. This process uses the material to classify as a basis for
the gathering of the concepts to be considered.

In a previous paper [7], we proposed an initial software-engineering-education controlled vocabulary;
here, we present the results of the next stage of our work: an extended taxonomy of software engineering
education and an update of related work that provides a more general context of the work. Although it is
still necessary to validate the taxonomy, its terms and definitions can be useful for teachers, researchers and
editors.

This article is organized as follows: section 2, includes concepts about controlled vocabularies and tax-
onomies; section 3, reports related work; section 4, summarizes the work approach; section 5, briefly presents
the first stage in which automatic clustering techniques were used to develop a first taxonomy of education
in software engineering; then, section 6, shows the work done to expand the terms and definitions related to
the teaching approaches and methods used in software engineering; and, finally, the conclusions and future
work are presented in section 7.

2 Controlled Vocabularies and Taxonomies

The purpose of controlled vocabularies is to provide a way of organizing information. As noted in the Z39.19-
2005 guide provided by ANSI/NISO [8], “through the process of assigning terms selected from controlled
vocabularies to describe documents and other types of content objects, the materials are organized according
to the various elements that have been chosen to describe them”. A content object is any element that has
to be described in order to be included in an information retrieval system, website, or another information
source. Typical content objects are articles from scientific journals, technical reports and other types of
documents.

In practice, a controlled vocabulary consists of a list of terms that have been listed explicitly to represent
the concepts that have been chosen to describe content objects. It is controlled because only the terms in
the list should be used to refer to the concepts of the thematic area covered by the vocabulary. It is also
controlled since the modification of the list is subject to previously defined policies.
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The aim of a controlled vocabulary is to ensure consistency in the application of the language [9]. An
example of controlled vocabulary is the ISO/IEC/IEEE International Standard - Systems and software
engineering - Vocabulary [10], which includes terms used in systems and software engineering.

A taxonomy is a controlled vocabulary that is made up of preferred terms connected in a hierarchy or a
poli-hierarchy. It is very important to identify the hierarchy relationships between the terms and state them
explicitly.

2.1 Construction

Three different approaches are suggested for the construction of a controlled vocabulary [8]:

• The Committee Approach - This approach implies that experts in the area draw a list with the key
terms indicating their relationships. Lists of terms may be submitted by various experts or taken from
various sources. This approach has the major advantage that the construction of the vocabulary is
done by the experts in the area, who will generally be the future users.

• The Empirical Approach - This approach basically contemplates two methods:

– Deductive Method - The terms are extracted from a reference set of content objects, but there
is no attempt to control or determine possible relationships until a sufficient number of terms is
collected. The terms are then revised, the possible hierarchies are identified and the remaining
terms are assigned to each one of them. From that basis, the vocabulary is controlled.

– Inductive Method - New terms are selected for their possible inclusion in the vocabulary as they
are found in a reference set of content objects. The control of the vocabulary is applied from
the beginning as a continuous operation. If the controlled vocabulary has some kind of hierarchy,
each term is assigned to the corresponding classes as soon as its inclusion is decided.

• Combination of Methods - In practice, more than one approach can be employed in one phase or
another in the construction of a controlled vocabulary.

2.2 Facet Analysis

Facet analysis is a type of classification system in which you can assign multiple terms to classify a content
object; which are alternate aspects. “For example, a book would have a subject heading in a hierarchy but
also an author, date, price and so on, allowing search across categories” [11]. The use of facet analysis is
similar to the construction of a controlled vocabulary in various subsets, in which every subset is in itself a
controlled vocabulary that represents a different aspect of information [9].

Facet analysis is particularly useful for [8, 12]:

• New areas of knowledge in which knowledge of the domain is incomplete or the relationships between
concepts are unknown.

• Interdisciplinary areas in which there is more than one perspective from which to consider an object
of content.

• Vocabularies for which multiple hierarchies are needed but may be inadequate because of the difficulty
of clearly defined boundaries.

3 Related work

Cassel et al. carried out The Computing Ontology project [13, 14], updated in 2010 [15], whose purpose was
the identification of overlapping areas in the computer domain to make recommendations on the curricula, the
creation of new courses, and -according to the authors- also indexing digital libraries and support searches.
The result of this project was a collection of various Computer Science disciplines, topics and subtopics.
It covered a hierarchy of classes and objects modeled in Protégé1 [16] and, although it is available online
[17], it does not seem to be updated. In particular, the authors indicate that they used different curriculum
guidelines as a basis [13], for example, those of ACM/IEEE for Computer Science, Computer Engineering
and Software Engineering published before the project [18]. Currently, these guides have more updated and
specific versions. On the ontology’s content, it is difficult to find the concepts about software engineering.
Many of them are in categories of ‘Software Design’ and ‘Implementation’ mixed with other concepts (for

1http://protege.stanford.edu/
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example, types of algorithms), while concepts related to project management are in the ‘Organization and
Management’ category. It does not contemplate software engineering education or computer science educa-
tion concepts. These characteristics, the limited information on the taxonomy construction method, and the
fact that it is outdated, motivate us to address an independent work on software engineering education.

Our work began in 2015, since then three recent initiatives that update the context of this work have been
published. These are: a survey of academics and literature to determine the nomenclature issues involved
with computing education [19], the development of a taxonomy of keywords for engineering education research
[5], and a systematic mapping study on taxonomies made in the field of software engineering together with
a revised taxonomy development method [20].

Firstly, Simon et al. present a study of international issues involving computing education terminology
worldwide [19]. In this work, carried out by a working group of the 2015’s edition of the Annual Conference
on Innovation and Technology in Computer Science Education, there is a wide discussion related to the
accreditation’s names in different countries and the current difficulties in having a common terminology.
They believe that it is unlikely that any project could unify such diverse terminology on computing education,
but that there could be guidelines on the different uses of terminology to know and tolerate them. On the
topics discussed, they reached a list of 18 topics included in the education programs, software engineering
being one of those topics. Although there are no topics that can be used for our work, we believe it is
important to recommend different terms for the same concept according to regions or countries.

Secondly, Finelli etl al. present a project for the development of a taxonomy of keywords for engineering
education research (called EER Taxonomy) which is funded by the National Science Foundation [5]. The
focus of the taxonomy is on the research conducted in the United States, although the authors achieved
an inclusive work involving 266 individuals from 30 countries. The work comprises three major items:
the creation of the taxonomy, its validation, and the creation of user guides. As context, the authors
include a list of initiatives that seek to organize knowledge in the area of engineering education research
[21, 22, 23, 24, 25, 26]. For the creation of the taxonomy, the authors included various collaborators, among
which experts from Access Innovations stand out, an information management company that regularly creates
and maintains taxonomies. With their help, they developed an initial taxonomy from three initial schemes
obtained by analyzing different sets of published articles. This initial taxonomy was refined in a series of
five subsequent workshops with the help of researchers from the area. Regarding the results obtained, the
EER taxonomy has 455 terms organized in 14 branches of six levels. These branches include, for example,
assessment, educational level, professional practice and research approaches. We believe, as we will discuss
later in section 6.6, that the taxonomy that we present here complements the EER and can be considered
as a specialization in the area of software engineering education.

Thirdly, the objective of the work by Usman et al. is to survey the state of the art in the research of
taxonomies in software engineering (SE) through a literature mapping study [20]. As a result, they obtained
271 taxonomies that they classified according to 3 different facets:

• Research type - Classification by type of study (i.e., evaluation research, validation research, solution
proposal, philosophical paper).

• SE knowledge area - Classification by software engineering knowledge area of each taxonomy (i.e. based
on the SWEBOK [2], software requirements, software design, software construction, software testing,
software maintenance, software configuration management, software engineering management, software
engineering process, software engineering models and methods, software quality, software engineering
professional practice, and software engineering economics).

• Presentation approach - Classification by the presentation approach of each taxonomy (i.e., textual
and graphical).

They found that although SE taxonomies were being published since 1987, their number had greatly
increased since 2000. The results indicate the following proportion in thematic areas: requirements - 15.50%,
design - 19.55%, construction - 19.55%, testing - 9.96% and maintenance - 11.81%. Some recent areas such
as economics or professional practice have a 1.11% each. Although it is not a SWEBOK topic, the authors
do not report taxonomies in software engineering education either. On another note, only 16.24% of the
taxonomies have a description of their classification process. The authors then study the work by Bayona-
Oré et al. in detail [27], which describes a systematic approach to develop a taxonomy, to propose a revised
method to create taxonomies. The paper presents a systematic approach to develop a taxonomy with
activities organized in four phases, as presented in Table 1.

The process used in our work and presented in the following section was proposed prior to the work of
Usman et al. and Bayona-Oré et al. Although the works of these authors are not based on the Z39.19-2005
guide, they share many similarities with our process, which will be presented in section 6.6.
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Table 1: List of activities, grouped in four phases, of the systematic process to develop a taxonomy proposed
by Usman et al. [20]

Planning
1 Define SE knowledge area
2 Describe the objectives of the taxonomy
3 Describe the subject matter to be classified
4 Select classification structure type
5 Select classification procedure type

Identification and extraction
6 Identify the sources of information
7 Extract all terms

Design and construction
8 Perform terminology control
9 Identify and describe taxonomy dimensions
10 Identify and describe categories of each dimension
11 Identify and describe relationships
12 Define the guidelines for using and updating the taxonomy

Testing and validation
13 Validate the taxonomy

We have not found initiatives proposing controlled vocabularies related to software engineering education.
However, we believe that the community will be interested in its use. In this regard, many researchers have
used Bloom’s taxonomy, which covers skill levels in cognitive, affective and psycho-motor domains, to classify
the learning outcomes of their courses. In fact, between 2000 and 2014, 26 studies were conducted on the
application of Bloom’s taxonomy in areas of software engineering eductation [28].

4 Work Method

Figure 1 shows the process used in this work for the creation of the taxonomy; we defined our process
in accordance with guide Z39.19-2005 [8] and the recommendations by Hedden [9]. The process has four
well-defined phases.

Figure 1: Construction process of a controlled vocabulary through an empirical approach

In the first phase, the objectives of the controlled vocabulary to be constructed must be defined as well
as a plan for its development. The plan must include characteristics of the vocabulary (intended use, profile
of the users, and scope or content to consider) and limitations or restrictions of the construction process. It
must also define two very important aspects: the structure the controlled vocabulary would have, and the
approach for its construction.

In the vocabulary gathering phase, we collect all the vocabulary and possible knowledge on a thematic
area to be covered by the controlled vocabulary. In order to do this, we carry out one or more research
activities, like interviews or analysis of the material to be classified. As a result of this phase, we obtain a
list of possible concepts to be included in the controlled vocabulary. Possible synonyms of these potential
concepts can also be registered, which can be associated, for example, with regions or countries, in order to
follow the recommendations of Simon et al. [19].

In the third phase, we review the list of possible concepts obtained in the previous phase, and we
incorporate the ones suitable for the controlled vocabulary.

Finally, in the validation phase of the controlled vocabulary, we try to determine its suitability for use.
Usman et al. [20] point out that validation reinforces the usefulness and reliability of taxonomies and
indicates three ways to validate them extracted from other previous work [29, 30]. These are:

5



CLEI ELECTRONIC JOURNAL, VOLUME 23, NUMBER 2, PAPER 5, SEPTEMBER 2020

• Demonstration of orthogonality of the dimensions and categories of the taxonomy.

• Benchmarking: comparison with similar classification schemes.

• Demonstration of utility. This can be done or exemplified by classifying the existing literature or using
expert opinion, or with more rigorous validation approaches, such as a case study or an experiment.

This process was developed and instantiated to build a first taxonomy of software engineering education.
In a first stage (explained in detail in section 5), over 1,000 articles published during the 1988-2014 period
were analyzed using automatic clustering techniques. From this analysis, we drafted a first taxonomy that
we later expanded in a second stage (explained in detail in section 6) to include terms and definitions about
techniques and methods to teach software engineering.

5 First Stage: Automatic clustering techniques and published papers

We reported the first stage of the construction of our software engineering education taxonomy in detail
in an article published in the European Journal for Engineering Education. [7]. Here we include a brief
summary of it. Each sub-section corresponds to a phase of the process presented in section 4 and describes
the details of its execution in this case.

5.1 Definition of objectives and work plan

The aim of the controlled vocabulary is the classification of the research related to software engineering
education. We chose a taxonomy structure, since the bibliography indicates it is the most used structure
with most values for contexts similar to the one proposed [5, 31].

We expect that the taxonomy will be of interest for the software engineering education community. This
includes researchers, students, educators, and editors of journals that classify research. This community is
scattered geographically and the language it uses the most for the diffusion of research is English.

Since this is an unexplored area in terms of taxonomies and controlled vocabularies, we decided to
prioritize the literary warrant, so that the vocabulary will be appropriate to use. The literary warrant
implies that the included concepts appear in published research, and that the terms used to represent these
concepts are the most used in the literature. According to Hulme, who proposed this approach:

“Literary warrant meaning that the basis for classification is to be found in the actual published
literature rather than abstract philosophical ideas or concepts in the universe of knowledge or
the order of nature and system of the sciences” [32].

Therefore, the exploration and analysis of research material already published is proposed as a research
activity.

5.2 Vocabulary gathering

Vocabulary gathering was conducted through the content auditing technique, i.e., the search of significant
concepts within the content of the material to be classified.

Because the terms of the taxonomy should be good at classifying content that has already been published,
we decided to take into account the material published in the Conference on Software Engineering Education
and Training (CSEET) between 1988-2014 and in the Software Engineering Education and Training Track
(SEET) of the International Conference on Software Engineering (ICSE) between 2000-2014. We selected
these conferences because they are, to the best of our knowledge, the most recognized in the area, and also
because there are no specialized scientific journals on software engineering education. We included all the
available issues published by CSEET and SEET up to 2014 in our research.

We used the technique of automatic cluster analysis (or clustering) for the extraction of terms taking
the article abstracts as a basis. Although the use of abstracts can be questionable, it prioritizes the literary
warrant and allows us to obtain results without having to handle the complete papers and the difficulties
that this would bring (that is, excessive number of pages and terms, and difficulty establishing the focus
of each paper automatically). Shaw made an analysis of the papers sent to ICSE 2002 and came to the
following conclusion [33]: “Whether you like it or not, people judge papers by their abstracts and read the
abstract in order to decide whether to read the whole paper”. Although this does not indicate that the
terms used in the abstracts correctly classify papers, it supports the claim that people use the abstract (and
the terms they contain) to classify them.
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Cluster analysis methods attempt to separate documents into groups, where each group represents a topic
that is different from the topics represented by the other groups [34, 35]. Automatic clustering is a non-
supervised learning method (in this case, it does not require human intervention) in which a set of clusters
is obtained from a set of documents or texts (called “corpus”). In general, automatic clustering techniques
are based on syntactic patterns recognition using the frequency of similar terms within the texts to discover
similarities. Although these techniques allow enormous savings in effort, they have certain limitations that
must be considered. On the one hand, the clustering tools only considers syntactic properties of the language
used in the articles. In this way, we obtain a set of groups of documents that may or may not have semantic
consistency. An analysis of the material made by experts would take into account semantic properties, surely
obtaining more relevant concepts and prioritizing the thematic focus of the taxonomy. On the other hand,
the results of the automatic clustering analysis are biased by the algorithm used by the tool. Despite these
limitations, we used automatic clustering because this technique is very interesting to explore areas under
investigation from the knowledge organization and controlled vocabularies point of view, and allowed us to
work with a broader set of papers in a reasonable time. We selected Carrot2 as a clustering tool.

Carrot2 is a search clustering engine that allows automatically organization of small sets of documents
into thematic categories [36]. It is an open-source tool, with a data-driven process, and that includes three
clustering algorithms (Lingo, STC, k-means) [37]. The first of them, Lingo, was ranked third in general, and
is the first open source, by Carpineto et al. in a label-driven subtopic comparison of clustering algorithms
[38]. Search clustering algorithms seem like a very suitable work strategy since we have a set of short
documents: abstracts have an average of 200 words and are also used as a classification corpus in search
engines such as SCOPUS, among others. Within Carrot2, we chose the Lingo algorithm, given its good
performance for topic clustering [38], and we also tested it on a subset of our corpus with promising results.
We used the default configuration of Carrot2 for the Lingo algorithm.

The corpus consisted of 1023 pairs of titles and abstracts, 890 from CSEET and 133 from ICSE. The
elements of the corpus are heterogeneous in their creation dates. Since the clustering algorithm does not use
synonyms, it does not accumulate in the same cluster if the elements use different terms for the same concept.
This may become an important bias since there are certain trends in the use of the language which change
with time. To minimize this, the articles were processed in subsets taking the closeness of the publication
date as a grouping criterion. The election of the subsets was arbitrary although there was an attempt to
make sets of similar sizes and number of years. This additional step had the purpose of collecting vocabulary
in different periods of history and enables, in some way, to extend the literary warrant through time. The
following seven subsets were created: 2012-2014 (158 articles), 2009-2011 (170), 2006-2008 (157), 2003-2005
(139), 2000-2002 (125), 1995-1999 (122) and 1988-1994 (152).

Once we obtained the list of clusters, we manually studied the composition of each cluster found. This
involves the reading of the titles and abstracts of the articles of each cluster to determine if it is a concept
relevant to the taxonomy or not (some clusters obtained by the tool could correspond to terms like ‘paper’
or ‘conference’ that are not relevant concepts). If the concept is relevant, the term is added to the list of
terms to be included in the controlled vocabulary.

5.3 Identification of concepts and relationships

In this phase, we reviewed the list of terms obtained before, that is, the terms associated with the clusters
not discarded in the previous stage, to identify concepts and establish preferred terms for each of them.
For this, we reviewed the content of the clusters again to determine the possible concept to which they
referred and their synonyms. We also used the principles of content analysis [39] to detect similar clusters
and group them when they referred to the same concept. This involved reviewing the content of both cluters
and highlighting the segments that identified each one, then comparing the selected segments and verifying
that both clusters dealt with the same concept. For example, we found that the cluster ‘software process
improvement’ (2005-2003) dealt with the homonymous concept as well as the clusters ‘process improvement’
(1999-1995) and ‘improve’ (1994-1988).

In addition, we obtained several concepts that seemed to belong to very different topics (e.g. ‘software
design’, ‘master degree in software engineering’, ‘problem-based learning’, ‘communication and collaboration
skills’). This was disconcerting at first and it was necessary to read several classification works in order to
find a way to group them at a high level that was not against the literary warrant. In particular, we carried
out a first classification in the following facets that have been adapted from the work of Nie et al. [40]: ‘what
to teach’, ‘how to teach’ and ‘where to teach’. This classification allows a more detailed subsequent study
of each group of concepts without affecting the results obtained before.

7



CLEI ELECTRONIC JOURNAL, VOLUME 23, NUMBER 2, PAPER 5, SEPTEMBER 2020

5.4 Validation of the controlled vocabulary

In this first stage, we decided to use benchmarking validation and to compare the taxonomy with similar
classification schemes [20]. As it was not possible to find taxonomies from the field, we made comparisons
with the body of knowledge of software engineering - SWEBOK [2]. To do this we also used content analysis.
The relevant results from these comparisons are shown in the next section, along with the results of the stage.

5.5 Results

The result (see Figure 2) is a controlled vocabulary in the form of a taxonomy with 43 terms that correspond
to the concepts that were identified as the most used in the research publications from the period covered.
The concept classification is presented in three main facets: ‘what to teach’ (24 terms), ‘how to teach’ (13
terms) and ‘where to teach’ (6 terms).

Figure 2: Software engineering education initial taxonomy as a result of the First Stage of our work.

The ‘what to teach’ facet includes terms that correspond to concepts related to topics, skills, or knowledge
taught to the students. The identified concepts comprise sub-disciplines of software engineering (‘software
design’, ‘software maintenance’, etc.) development approaches (‘object-oriented programming and design’,
‘test driven development’, ‘personal software process’) and skills (‘communication and collaboration skills’,
‘soft skills’, ‘technical skills’). We carried out an exhaustive comparison and concluded that there is nothing
that indicates that the SWEBOK [2] cannot be used as reference to expand this facet.

Within the ‘how to teach’ facet, we grouped terms that correspond to concepts related to approaches,
techniques or teaching methods, i.e. all the concepts that explain how to teach software engineering. Based
on the work of Nascimento et al. [41], we determined that two subcategories proposed in that work could
be incorporated into the taxonomy with very good results in the hierarchy of concepts, these subcategories
were: ‘teaching approaches and methods’ and ‘learning environment and materials’.

The ‘where to teach’ facet shapes the context in which research on software engineering education is
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reported. This includes courses related to other disciplines (computer science or information systems),
training for workers of the industry, as well as courses, or software engineering programs.

5.6 Limitations

The results of this stage should be interpreted taking into account the following limitations: (a) only the
names and summaries of the collected publications were studied, (b) criteria used to group the articles in
order to process them was arbitrary, in spite of the attempt to obtain subsets of similar size and publication
date, (c) the main aim of this stage is to obtain an initial controlled vocabulary using the most used terms,
and therefore, the result is not a comprehensive vocabulary; and (d) the body of the studied literature in
this work is limited and it corresponds to a sample of research articles, since the objective of the created
taxonomy is the classification of research on software engineering education. There are other sources used
for the teaching of software engineering, such as text books and message forums on the web, which have not
been taken into consideration due to lack of resources and prioritizing.

6 Second Stage: Expanding techniques and methods of teaching software en-
gineering

After the first stage, we decided to expand the taxonomy to include more terms. For the ‘how to teach’ facet,
the low number of terms has a greater impact as there is no reference material available in the literature,
such as the SWEBOK [2] for the ‘what to teach’ facet. This is the reason why we carried out a second stage
of the process with the aim of expanding the ‘teaching approaches and methods’ category of the ‘how to
teach’ facet. This stage and its results are presented in detail below. Each subsection corresponds to a phase
of the process presented in section 4 and describes the details of its execution in this case.

6.1 Definition of the objectives and work plan

The objective of this stage is the expansion of the ‘teaching approaches and methods’ category. This implies
increasing the number of terms of the controlled vocabulary included in the category and identifying a concise
and unambiguous definition for each one.

We decided to maintain the high priority given to the literary warrant in the previous stage. Since
in this stage we were studying teaching methods and approaches that are supposed to be used by other
disciplines and not only in software engineering, we decided to expand the literature review to engineering
and technology education.

6.2 Vocabulary gathering

In this stage, as in the previous one, vocabulary gathering is done through the content auditing technique.
In this case in particular, there is an initial list of terms in the category, therefore, the goal is to validate
and extend this set, so that it will include a greater number of concepts. Besides, specific information is
collected that will later be synthesized and incorporated into each entry of the taxonomy (i.e., for each term:
a definition, possible synonyms and relevant references). The steps involved in the vocabulary gathering
phase of the process are shown in Figure 3 and are explained below.

Figure 3: Detail of activities of the Vocabulary Gathering Phase for the ‘teaching approaches and methods’
expansion
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6.2.1 Gathering of candidate concepts

In order to expand the list of candidate concepts to be included in the taxonomy, we requested help from
one expert in Engineering Education from the Teaching Department in the Faculty of Engineering at our
University. With her help, we identified the following three sources of concepts related to the teaching of
engineering:

S1 The website on didactic techniques of the Monterrey, Instituto Tecnológico y de Estudios Superiores
de Monterrey [42]. This space is linked to the initiative to redesign the teaching practice that the
Tecnológico de Monterrey has undertaken since 1997. The site contains sections alluding to the process
of implementation of teaching techniques carried out in this institution.

S2 The book “Teaching Engineering” by Professor Peter Goodhew of the University of Liverpool [43].
In this book the author presents a review of learning and teaching techniques used in engineering
education.

S3 The Student-Centered Teaching Methods list prepared by the Council on Science and Technology at
Princeton University [44].

Teaching techniques and methods are presented in each of these sources. The concepts related to these
techniques were collected manually and added to the concepts obtained in the previous stage for the ‘teaching
approaches and methods’ category. Table 2 shows all the candidate concepts to the ‘teaching approaches
and methods’ category including ones from the initial taxonomy (2nd column) and new candidates from
sources recommended by an engineering education expert (columns 3rd to 5th).

Table 2: Extended list of Candidate concepts to the ‘teaching approaches and methods’ category.
Candidate concept Initial tax. S1 S2 S3

Lectures D
Tutorials D
Problem-based learning D D D D
Project-based learning D D
Student-centered learning D
Active learning D
Cooperative learning D D
E-learning D
Simulation and games D D
Distance learning D
Personal development planning D
Case studies D D D
Service-learning D
Research-based learning D
Think-pair-share D
Clickers D
One-minute papers D
Interactive lecture demonstrations D
Concept mapping D
Tutorial worksheets D
Just-in-time teaching D
Invention activities D
Group-tests D
Problem sets in groups D
Random calling D
Writing with peer review D
Technology enhanced learning D
Academia and industry collaboration D
Capstone project D
Globally distributed project course D
Team projects D
Simulation of real life D
Software engineering project course D
Real-clients projects D
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6.2.2 Search and selection of sources

To validate that each candidate concept is used in education research, in this step, we look for research
articles that mention that concept and provide, for example, definitions or references. In practice, this
involves collecting material that allows us to determine, in steps that follow, if the term will be included in
the taxonomy, and to develop a definition for that term as well as a list of relevant synonyms and references.

In order to avoid a potential specialization bias that corresponds to the distortion of the technique
because of its application to the field of software engineering education, or to the education of engineering
in general, we considered articles on teaching (without restrictions). Then, for each concept listed in Table
2, we developed a search string, which included the following terms: Teaching approach, Teaching method,
Teaching technique, Learning approach, Learning method. As an example the search string for the ‘Lectures’
concept is shown in Table 3.

Table 3: Search string for the ‘Lectures’ concept
((“lecture” OR “lecture-based”) AND
(“teaching approach” OR “teaching method” OR “teaching technique” OR
“learning approach” OR “learning method” OR “learning technique”))

The search was conducted in SCOPUS and a number of articles was chosen from the list ordered by
number of quotes using the following criteria. We selected the articles whose title and abstract were closely
related to the concept under study. The selection process involved reading the titles and abstracts of the
articles trying to find those which refer to the foundations of the studied concept, to its application or its
comparison with other techniques. Those articles that refer to the concept indirectly were not taken into
account. For this analysis we also used the content analysis principles. We chose in order up to the first
20 articles that met our requirements. This number is arbitrary, even though we believe that it respects
Hedden’s recommendations because it allows us to have a certain literary warrant [9]. We also did several
previous tests, in which we built definitions for some candidate concepts, with satisfactory results. As an
example, 12 articles were selected for the ‘Lectures’ concept, the only ones that met our criteria on the title
and abstract, out of the 204 that returned the search. In other cases, for concepts with more publications
that met our criteria, 20 articles were selected, for example, for the ’E-learning’ concept.

6.2.3 Information extraction

In the previous step, we obtained a set of articles for each candidate concept; the aim of this third step is the
extraction of relevant information on each concept of the gathered articles. We read the collected articles
and identified fragments in which the concept studied was presented or discussed. From these fragments, we
extracted descriptions, synonyms and related references used in relation to that concept.

Figure 4 shows the extraction information for the ‘Lectures’ concept. In the upper part the extraction
of the articles is presented: in the 1st column basic paper information is included, 2nd column presents the
description given in the paper to the concept studied (in this case ‘Lectures’), in the 3rd column possible
synonyms used in the paper for that concept (in this example the papers did not include any), and the 4th
column includes possible references of interest on that concept. The same type of extraction is shown at
the bottom part but for the relevant sources identified from the references of interest (4th column from the
upper part).

6.2.4 Identification of relevant sources

The aim of this step is to detect possible relevant sources for each of the candidate concepts and extract
their information to incorporate it into the result of the previous phase. We consider relevant sources to be
articles, books or other bibliographic references that are frequently quoted in the collected articles in the
previous phases for a candidate concept.

In practice, this involves the following activities. For each concept, we reviewed the list of references reg-
istered in the previous phase, in order to detect publications quoted in three or more articles. If publications
that fulfill this condition were detected, we searched the complete text and added it to the set of sources to
be analyzed for that concept. Then, information was extracted in the same way as in step 6.2.3.

Following the example, for the ‘Lectures’ concept we detected that a relevant reference was the book Bligh,
Donald A. 1972. What’s the Use of Lectures? 3rd ed., Penguin Education. Harmondsworth: Penguin. We
analyzed this book and added the relevant information to that collected in the previous phase. This is shown
in the bottom part of Figure 4.
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Figure 4: Example of extracted information for ‘Lectures’ concept.

6.3 Identification of concepts and relationships

During this phase, we analyzed the extracted information and identified the concepts and relationships that
would be included in the taxonomy. This activity involved reviewing the material and, first of all, dismissing
the candidate concepts (see section 6.2.1) whose searches did not retrieve research articles (see section 6.2.2).

To carry out the synthesis of the collected definitions, we used an adaptation of the thematic synthesis
process [45, 46], as shown in Figure 5. The process - a type of qualitative synthesis - makes it possible to
reach a concise definition of each concept using the key information segments (codes) from other definitions,
so that the definition obtained has the fundamental ideas of the rest.

In Figure 6, the application of the synthesis process to the ‘Lectures’ concept is shown. The upper
part shows the coding process: the 1st column presents some paper fragments with descriptions of the
concept ‘Lectures’ where the relevant parts have been highlighted, the 2nd column shows codes that tag the
highlighted parts. The definition obtained by using the most frequent codes is shown at the bottom. All
the phases of the thematic synthesis, as well as all the activities presented in this section, were conducted
manually.
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Figure 5: Thematic synthesis process adapted from Creswell [46]

Figure 6: Synthesis process applied to the ‘Lectures’ concept.

6.4 Validation of the controlled vocabulary

Up until now, we have not carried out activities to validate the taxonomy resulting from the expansion
achieved in this stage. We wish to carry out activities that correspond to utility demonstration in order to
validate that the taxonomy is suitable for use. In this sense, a case study can be a very good alternative.
This is a relevant pending activity, but we thought it important to disseminate our progress in the software
engineering education and engineering education communities before exploring an empirical validation -that
will surely be somewhat extensive in time-, in order to obtain feedback from expert researchers who will
enrich the work done.

6.5 Results

In this stage, we reviewed 34 candidate concepts and studied over 250 definitions from several authors.
The result comprises the expansion and formalization of the ‘teaching approaches and methods’ category of
the ‘how to teach’ facet, which now covers 26 terms with their definitions and most relevant references. A
concept is considered to be really used in education research if it has associated publications. The candidate
concepts that were not finally included in the taxonomy did not have that bibliographic support or were
synonyms of other concepts already included in the vocabulary.

We include a template for the presentation of each taxonomy entry that contains preferred term, defini-
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tion, synonyms, facet, related terms and comments on relevant publications (in the field of Related content).
An example entry is shown in Table 4 (see Appendix A for all the detail of the entries of the ‘teaching
approaches and methods’ category).

Table 4: Example entry with the term ‘Lectures’

Term Lectures
Definition note Lectures are (more or less) continuous expositions of a theme by a speaker to a largely passive

recipient audience.
Synonyms
Related terms
Related content The definition included here is based on Bligh’s classic work [47].

6.6 Discussion

The complete taxonomy that includes the category ‘teaching approaches and methods’ resulting from our
work with all its preferred terms is presented in Figure 7 while the detail of the entries of the category can
be consulted in Appendix A. As a strength, we can point out the literary warrant with which the taxonomy
was built as well as the transparency and rigor of the procedures.

Figure 7: Initial taxonomy of software engineering education, as result of the two stages of our work, with
‘teaching approaches and methods’ category highlighted.

Another alternative for the expansion of the ‘how to teach’ facet could have been to borrow concepts
and definitions directly from pedagogy texts, e.g., [42, 43, 44], where terms such as ‘problem-based learning’
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already exist. This does not prioritize the literary warrant, which can lead to having a large number of terms
of which very few are used for the classification of the specific area, and it can also lead to the absence of
specific terms of the area. Considering these limitations, we decided to prioritize the literary warrant and
study terms resulting from published papers.

In comparison with the project by Finelli et al. [5], our work is modest and incipient. This is probably
due to the fact that Engineering Education has a more advanced context (this can be seen in the number of
previous work cited by the authors), and to the financing fund that surely allowed authors to attend different
venues to achieve the involvement of different stakeholders. The latter is an important aspect of their work
because they have managed not only to create an inclusive construction process but also to validate the
obtained taxonomy. While the taxonomy of Finelli et al. covers engineering education, the taxonomy that
we present here tries to cover software engineering education, being, therefore, more specific.

The scope of the engineering education research (EER) taxonomy is broader than that of software en-
gineering education (SEE taxonomy). While the former also refers to research concepts (for example, the
‘research approaches’ branch), the latter currently only applies to the field of software engineering education.
What is more, the ‘instruction’ branch of the EER taxonomy that includes a sub-branch called ‘instructional
methods’ with terms like ‘lecture’, ‘team-based learning’ and ‘project-based learning’, is similar to the ‘how
to teach’ facet of the SEE taxonomy. The ‘outcomes’ branch of the EER taxonomy covers terms on learning
outcomes that may be related to the content of the ‘what to teach’ facet of the SEE taxonomy, although
the latter currently covers topics of the area and not outcomes as ‘critical thinking’ or ‘problem solving’ as
the EER taxonomy does. It would be interesting to take the EER taxonomy as a reference for future work
on the SEE taxonomy both regarding its working method and the structure and content of the taxonomy.
The SEE taxonomy could also be thought of as a specialization or extension of the EER Taxonomy for a
particular area.

Although neither the work by Usman et al, nor that of Bayona-Oré et al. are based on the Z39.19-2005
guide, they share almost the same activities as our process. The four phases defined have the same objectives
as ours: definition of objectives and planning, collection of vocabulary, taxonomy design and construction,
and finally validation. There is only one activity that is not contemplated in our method: the definition
of guides to use and update the taxonomy, which we consider adequate and we will surely add in future
updates of the method, after reviewing other similar work and analyzing the subject in the aforementioned
guide.

6.7 Limitations

The results must be interpreted taking into consideration the following limitations: (a) the list of concepts
was certainly biased by the initial sources of candidate concepts, i.e., [42, 43, 44]; it is quite likely that
there are concepts related to software engineering approaches and teaching methods that have not yet been
included in the presented taxonomy, (b) the criterion to select the articles to be considered in the search for
definitions and information about each concept is based on the reading of the title and the abstract only, (c)
publications in a language other than English have not been taken into account for the searches related to
each concept, (d) no activities have been carried out yet to validate the taxonomy.

7 Conclusions

Software engineering education is a relatively new discipline and it is the object of wide research. It suffers
constant demands associated to the critical role that software plays in the current world. Although there are
bodies of knowledge and textbooks on software engineering, the literature on the area of software engineering
education consists mainly of articles published in journals and specialized conferences. This material has
not been classified and does not have a standard terminology.

The importance of organizing the knowledge and publications is associated to the benefits obtained by
the different stakeholders involved, i.e., allowing researchers to place their initiatives in a suitable context,
achieving a better induction to the terms and concepts of the thematic area, improving the management of
scientific journals and conferences through a better thematic organization of authors and research, and also
substantially improving the accumulation of evidence (systematic reviews of literature and mapping studies).

Starting from the guidelines and activities proposed in the Z39.19-2005 guide provided by ANSI/NISO
[8] and the recommendation by Hedden [9], we adapted a process for the creation and update of controlled
vocabularies.

We applied this process in two stages: firstly, we explored the existing literature and created an initial
taxonomy of software engineering education, and secondly, we used the process to expand the number of
terms on teaching approaches and methods. Although in both stages the work was done with the same
process, it is important to highlight the fact that the objectives and the techniques used were different.
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The taxonomy has 60 terms organized in three facets at its highest level. To the best of our knowledge,
this taxonomy is the first in the software engineering education field. It can be used to create keywords for
the labelling of articles, to understand a concept and go even further consulting the suggested sources, and
it can also be used as a basis for future work within the terminology standardization in this area. Because
of the number of concepts it includes, we believe it is a taxonomy that should be considered initial or in the
process of being constructed.

It would be good to continue working in the expansion of the taxonomy maintaining the rigor and
support in the literary warrant. Possible activities along this line could be: the expansion of the ‘what to
teach’ facet using the SWEBOK as reference material or continue the expansion of the ‘teaching approaches
and methods’ category or exploring specific teaching methods and techniques used for software engineering
education.

Activities that allow the evaluation of their suitability for use, which in the proposed process are known
as validation activities, must also be carried out. It is possible and it seems reasonable to combine some
empirical validation activities with the experts’ approach, including for example, surveys for experts on their
perceptions of the taxonomy and evaluation of its use in tagging scientific articles by independent researchers.

Appendix A “Teaching approaches and methods’ category

This appendix presents, as shown in Table 5, the entries’ details of the ‘teaching approaches and methods’
category resulting from the second stage of our work (see Section 6).

Table 5: “Teaching approaches and methods’ category of the taxonomy on
software engineering education.

Term Academia and industry collaboration
Definition note It refers to any effort made together between academia (one or more universities) and industry

(one or more companies) for the education of software engineering concepts and practices.
Synonyms
Related terms
Related content

Term Active learning
Definition note Active learning is generally defined as any instructional method that engages students in

the learning process. In short, active learning requires students to do meaningful learning
activities and think about what they are doing.

Synonyms
Related terms
Related content The definition included here is based on Bonwell and Eison [48].

Term Case-based learning
Definition note Students analyze, draw inferences and make decisions given a case study - a detailed specific

situation with a open-ended question or problem (often based on a real life scenario). Case
studies can be presented to individuals or groups.

Synonyms Case studies, CBL, case study approach
Related terms
Related content

Term Clickers
Definition note A clicker (or a audience response system) is a combination of hardware and software that

enables the instructor to pose real-time questions to students during a lecture. The students
usually register their responses using handheld clickers, although other input such as laptops
may be used. After receivers transmit the responses to the instructor’s workstation, the
software compiles and displays the results.

Synonyms Audience response system, personal response system, classroom response system, student
response system

Related terms
Related content In one of the most cited paper [49], Caldwell includes a comprehensive overview of the

technique and best-practice tips.

Term Concept mapping
Definition note Concepts maps can be defined as a knowledge representation language. In short, the students

create or use graphic structures that arrange key ideas or concepts in a hierarchical set of
nodes with lines or arrows that indicate linkages and relationships between them.

Synonyms
Related terms
Related content Concept mapping were developed by Joseph Novak. In two often cited works he presents the

basis of concept mapping and Vee diagrams [50, 51].
Continue in next page
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Table 5 – Continued from previous page

Term Cooperative learning
Definition note Refers to any of a variety of teaching methods in which students work in small groups to

help one another learn academic content. Most experts agree that cooperative learning has
several components that distinguish it from other small group learning methods. These
components may include: positive interdependence (a positive correlation between the gains
of individuals and the gains of teams), individual accountability (although learning activities
rely on cooperative efforts, individuals are ultimately responsible of their own learning),
group processing (group members discuss their progress towards the achievement of their
goals and the maintenance of effective working relations), face-to-face interaction (the size of
the groups must be small), social and cooperative skills (that must be taught and motivated
by the instructor) and appropriate grouping (some authors recommend heterogeneous teams,
reflecting varied learning abilities, ethnic and linguistic diversity and a mixture of the sexes).

Synonyms
Related terms
Related content Three important and cited books about this topic are those from Slavin [52]; Kagan [53]; and

Johnson et al.[54].

Term Distance Learning
Definition note Any educational or learning process or system in which the teacher and instructor are sepa-

rated geographically or in time from his or her students; or in which students are separated
from each other or educational resources. Contemporary distance learning is affected through
the implementation of computer and electronics technology to connect teacher and student
in either real or delayed time or on an as-needed basis.

Synonyms
Related terms
Related content The description included here is the broader found, taken from Illyefalvi-Vitez and Gordon

[55].

Term E-learning
Definition note E-learning can be defined as instruction delivered electronically via the internet, intranet,

or multimedia platforms such as cd-rom or dvd. E-learning is used to describe a wide set
of applications and processes, such as web-based learning, virtual classrooms, and digital
collaboration.

Synonyms
Related terms
Related content The definition included here is based on the work of Smart and Cappel [56] and in the glossary

of Kaplan-Leiserson [57], cited by Derouin et al. [58], although it is no longer available online.

Term Game-based learning
Definition note This technique deals with games that have defined learning outcomes. A game can be defined

as an activity that is voluntary and enjoyable, separate from the real world, uncertain,
unproductive in that the activity does not produce any goods of external value, and governed
by rules.

Synonyms Games
Related terms Simulation and Games
Related content The definition of a game is taken from Caillois and Barash [59].

Term Globally distributed project course
Definition note It refers to some initiatives within Project-Based Learning. In these cases, students face

projects distributed between two or more universities which work collaboratively on this
initiative.

Synonyms
Related terms Project-Based Learning
Related content

Term Interactive lecture demonstrations
Definition note Students are asked to predict individually the outcome of a classroom demonstration. Later

the students interact in small groups, discussing their predictions and explaining their rea-
soning. Finally, the demonstration is performed and the students discuss and reflect on the
results.

Synonyms
Related terms
Related content The approach was developed by Sokoloff and Thornton [60, 61].

Term Just-in-time teaching
Definition note This approach is based on the feedback loop between the students and the instructor. The

instructor uses the internet to post course materials and warm up assignments before class,
and the students use those materials to prepare themselves for each class. The instructor
uses students responses to enhance the classroom component.

Synonyms Just-in-time, JiTT
Continue in next page
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Table 5 – Continued from previous page
Related terms
Related content JiTT was first presented by Novak [62].

Term Lectures
Definition note Lectures are (more or less) continuous expositions of a theme by a speaker to a largely passive

recipient audience.
Synonyms
Related terms
Related content The definition included here is based on Bligh’s classic work [47].

Term One-minute papers
Definition note The instructor asks the students (often in the last minutes of class) to write a quick response

to one o more questions regarding the content of the class (typically a lecture). Questions
might include: what is the most important thing you learned today? what is the muddiest
point still remaining at the conclusion of today’s class? After collecting the responses, the
instructor reads the questions and ideally responds to them in the next class, or privately on
an individual basis.

Synonyms
Related terms
Related content More information of this technique can be found in two often cited works by Cross and Angelo

[63] and Chizmar and Ostrosky [64].

Term Problem-based learning
Definition note Students work in groups to analyze and solve a problematic situation, usually a realistic

scenario without a single correct answer, under the supervision of a tutor.
Synonyms PBL
Related terms
Related content Two relevant and cited articles about this topic are those by Barrows [65] and Schmidt [66].

Term Project-based learning
Definition note Students, typically organized in groups, face open multidisciplinary projects with the in-

structor playing the role of facilitator or coach. The projects engage students in authentic
real-world problems and usually lead to the production of a final product (a design, a mode,
a software product, etc).

Synonyms PjBL
Related terms
Related content

Term Real-client projects
Definition note It refers to instances of Project-Based Learning with real clients (this means the clients are

not teachers or other students,they are usually industry members).
Synonyms
Related terms Project-based learning
Related content

Term Research-based learning
Definition note It refers to initiatives that connect teaching with research, which allow partial or full inclusion

of students in an investigation based on scientific methods, under the supervision of an
instructor.

Synonyms
Related terms
Related content

Term Service learning
Definition note A form of experiential learning in which students engage in activities that address human

and community needs while allowing students to reflect on their service to gain further
understanding of course concepts.

Synonyms
Related terms
Related content

Term Simulation-based learning
Definition note This technique deals with simulations that have defined learning outcomes. Simulation is

a technique to replace or amplify real experiences with guided experiences, often immersive
in nature, that evoke or replicate substantial aspects of the real world in a fully interactive
fashion.

Synonyms
Related terms Simulation and Games
Related content The selected description is the broader found, taken from Gaba [67]

Term Simulation and Games
Continue in next page

18



CLEI ELECTRONIC JOURNAL, VOLUME 23, NUMBER 2, PAPER 5, SEPTEMBER 2020

Table 5 – Continued from previous page
Definition note Both techniques seeks the instruction by guided experiences in ruled environments (usually

inmersive). In other words, both have some underlying model, allowable actions that the
learner can take, and constraints under which these actions should occur. Additionally,
learners observe their actions’ consequences. The key distinction is that simulations propose
to represent reality and games do not.

Synonyms
Related terms
Related content The definition included here is based on the work of Garris et al. [68].

Term Software engineering project course
Definition note It refers to initiatives within Project-Based Learning related to specific courses in which

students work on a software engineering project (generally involving software development).
Synonyms
Related terms Project-Based Learning
Related content

Term Student-centered learning
Definition note Ways of thinking about teaching and learning that emphasise student responsibility and

activity in learning rather than what teachers are doing. The students exert a degree of
influence over both the content of the course and the learning methods.

Synonyms
Related terms
Related content The first part of the definition included here is taken from the work of Cannon and Newble

[69].
Two relevant and cited articles about this topic are those from Lea et al. [70] and Hannafin
et al. [71].

Term Technology enhanced learning
Definition note All approaches in which technology is used to support the learning or teaching process.
Synonyms
Related terms
Related content The definition included here is taken from the work by Schweighofer and Ebner [72].

Term Think-pair-share
Definition note Students are thaught to listen to a question, think about the question, to discuss the question

in pairs, and finally to share with the total group.
Synonyms
Related terms
Related content This technique was first proposed by Lyman [73].

Term Tutorials
Definition note It is an activity in which the instructor works with one or a small groups of students and that

is characterized as a space for discussion. Usually it served to complement other teaching
techniques (e.g. lectures) and can be enhanced if the students have done some relevant prior
work. It is considered a technique within the student-centered learning approach.

Synonyms
Related terms
Related content Tutorial teaching is part of the learning system at the University of Oxford and involves some

particular features. Palfreyman provide a good review of this technique [74] .
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