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1 Introduction

Evidence-based software engineering (EBSE) aims to improve decision-making re-
lated to software development and maintenance by integrating the best current
evidence of research with practical experience and human values (Kitchenham
et al., 2004). This approach allows researchers to aggregate results from previous
empirical studies and makes recommendations for professional practice. As main
tools to achieve this, EBSE proposes secondary studies such as systematic litera-
ture reviews (SLR) and systematic mapping studies (Kitchenham and Charters,
2007).

At present, di↵erent initiatives suggest that EBSE can contribute to generating
more applicable research results and improving the transfer of knowledge to the
industry. Several authors argue that in practical areas like software engineering,
general solutions are more likely to be obtained from bottom-up research and
from a set of studies grounded in real development contexts than from top-down
research (Basili et al., 2018). From this viewpoint, context-driven research and
methods like EBSE, which allow the aggregation of empirical studies, become
very relevant. In addition, some current research that attempts to address the
challenge of achieving more impact with software engineering research proposes
EBSE, among other approaches, to identify and select knowledge to transfer to
practice (Badampudi et al., 2019a,b; Cartaxo et al., 2018).

However, fifteen years after introducing EBSE, there is little evidence of its
adoption by industry (Cartaxo et al., 2016). For example, Hassler et al. (2014)
found that lack of connection with industry is one of the most important barriers
for using systematic reviews, while in a survey of Stack Exchanges users, Cartaxo
et al. (2016) found that systematic reviews did not usually answer practitioners’
questions. In a tertiary study of 120 systematic reviews, Da Silva et al. (2011)
found only 32 that included recommendations for users. Subsequently, in a survey
of 44 authors of 120 systematic reviews, Santos and Da Silva (2013) found that
most SRs published before the end of 2013 had an academic motivation, and only
six participants confirmed that their research had had a direct impact on industrial
practices. In addition, Kitchenham et al. (2015) mentioned only a single report of
direct application of EBSE in industry (Kasoju et al., 2013).

In other disciplines, in which the adoption of evidence-based practice (EBP) is
also being studied, findings show the critical importance of appropriate training.
In their systematic review, Upton et al. (2014) place the lack of knowledge and
skills among the first five barriers that occupational therapists encounter when
implementing EBP. Similarly, in another systematic review, Scurlock-Evans and
Upton (2015) found training was in the top five facilitators for the adoption of
EBP by social workers. The situation is also similar in the health area, where
several systematic reviews also placed the lack of knowledge and skills as one of
the most commonly reported barriers to adopting EBP by health professionals
(Zwolsman et al., 2012; Sadeghi-Bazargani et al., 2014). Aglen (2016), meanwhile,
focuses her review on pedagogical strategies to teach EBP in nursing. She found
that much remained to be done, for example, teaching how evidence is used, and
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better adapting EBP teaching to students’ learning prerequisites. More recently,
studies have been carried out that seek to define and analyze competences in EBP
for health professionals (Albarqouni et al., 2018; Saunders et al., 2019).

From the experiences of other disciplines, we conclude that it is important to
provide EBSE training and the objective of this paper to develop and evaluate an
EBSE training initiative appropriate for delivery in a university environment.
To achieve our objective, we have undertaken a series of three research activities:

1. We undertook an SLR aimed at assessing previous EBSE training initiatives
which influenced both the development of the course and its evaluation.

2. We developed an EBSE course, with emphasis on SLR process, using the learn-
ing outcome approach aimed at codifying the knowledge and skill required of
future EBSE users.

3. We delivered the EBSE course and evaluated it based on the students’ perfor-
mance and opinions.

This article is organized as follows. Section 2 presents the systematic review
of EBSE teaching initiatives. Section 3 includes case study goals and context.
In Section 4, we present the undergraduate EBSE teaching proposal. We explain
the construction of the LOs for the course together with the course principles
and structure. We regard our development, delivery, and evaluation of the EBSE
course as a case study and have based our approach on Runeson and Höst (2009)’s
guidelines. The case study is reported in Sections 5 to 9. In Section 5, issues
related to participants selection and ethics are presented. Section 6 reports the
data sources and the methods used for data collection and analysis. Case study
results and discussion are included in Section 7 and Section 8, respectively. The
threats to validity of our work are presented in Section 9. Finally, Section 10
presents the conclusions and future research.

2 SLR of Training Students in EBSE

In order to obtain a detailed understanding of previous research related to EBSE
training, we conducted an SLR in July 2017. This exercise discovered 13 relevant
articles relating to 11 unique research studies. After that, the SLR was updated
two times: one in August 2018 (which discovered three more unique articles), and
more recently, in December 2019 (no new studies were found). The first 11 unique
studies were used as references to develop our teaching proposal. The background
and discussion in this paper have been updated to include data from the new
primary studies. We used Kitchenham et al. guidelines (Kitchenham and Charters,
2007; Kitchenham et al., 2015) for SLR planning and implementation.

2.1 Aim and Research Questions

The SLR aimed to determine how EBSE is taught and how EBSE teaching is
evaluated. In order to achieve this, we defined the following research questions
(RQ):

RQ1 Which EBSE teaching initiatives have been reported?
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RQ2 In what context (academic program/courses/etc.) is it taught?
RQ3 What is the content taught and what are the methodologies used to

teach it?
RQ4 What are the assessment tools used?
RQ5 What are the di�culties found and what are the recommendations pro-

vided?
RQ6 What are the benefits for students?

2.2 Methodology

The SLR protocol was developed by Pizard and Moreno and reviewed by Vallespir
and Acerenza. The SLR was conducted by Pizard and Moreno. If di↵erences were
found during study selection or data extraction, Vallespir was consulted.

2.2.1 Search and selection process

In a first stage, Pizard performed automatic searches on selected scientific databases
and Moreno validated all of them. The search string was first developed and agreed
in the initial protocol and later updated to ensure that the maximum number of
known studies were found. Even so, some known studies could only be found by
snowballing because they were not indexed. The search terms are clustered in one
bundle: title, abstract, and keywords for teaching, evidence-based or secondary
studies, and software engineering. The search string presented in Table 1 was used
in all of the searches, though some adaptations were made to it due to di↵erences
in the digital libraries. We supplemented the automatic searches with backward
and forward snowballing and with manual searches in Google Scholar about of all
the publications by the authors of the selected articles.

The selection process was carried out using the following criteria: Inclusion -
articles that report on EBSE teaching initiatives (whether it is its main focus or
not), and related to teaching SE/CS students; Exclusion - descriptions of keynotes,
workshops, or articles that are not in English; articles whose full text is not avail-
able.

In a first stage, we independently read the titles and abstracts to discard those
that did not meet the criteria. In a second stage, we read the complete text of
the selected articles, in order to obtain the set of studies to be analyzed. Table 2
shows the results of both stages.

After completing the two stage search and selection process we identified 12 pri-
mary studies. In order to further reduce the probability of missing relevant studies
we undertook two further search and selection procedures. Firstly, we performed
backwards and forwards snowballing (Wohlin, 2014), where candidate articles were

Table 1 Search string ((teach OR learn OR education OR train OR students) AND
(”evidence-based software engineering” OR ”evidence based” OR
EBSE OR ”systematic literature review” OR ”systematic review”
OR ”literature review” OR SLR OR ”systematic mapping” OR
”mapping study” OR ”scoping study” OR SMS) AND (”software
engineering”))
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First Stage Second Stage

Papers Agreed Papers
Disagreed

Papers
Total

Kappa
Papers
Selected

Papers
SelectedSearch Include Exclude

2017 11 91 7 109 0.732 18 10
2018 2 162 2 166 0.661 4 0
2019 3 109 1 113 0.853 4 2

Table 2 Results of selection process

searched on the site where they were published (if available), and in both SCO-
PUS and Google Scholar. After completing the snowballing, we searched for other
relevant papers published by the authors of the primary studies using Google
Scholar.

Figure 1 presents a summary of the search and selection process for primary
studies, not showing repeated studies from previous searches (by engines, from
left to right, or by dates). The 16 selected publications included two examples of
multiple publications related to the same study. Multiple reports were analyzed
as a single study.

2.2.2 Data extraction and synthesis process

As a first step, Pizard and Moreno extracted data concerning the authors, title,
publication venue, and publication date. Subsequently, Kitchenham proposed an
extended categorization scheme (see Appendix I) and a synthesis method based
on following the Miles and Huberman’s Qualitative Data Analysis method (Miles
et al., 2014). Pizard produced a revised data extraction form based on Google

Fig. 1 Surveyed literature flowchart.
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spreadsheets that was tested on some of the primary studies. Pizard then per-
formed the data extraction and synthesis to present the results in tabular format.
In addition, content analysis and open coding (DeFranco and Laplante, 2017; Elo
and Kyngäs, 2008) were used to identify and categorize di�culties and benefits
(RQ5 and RQ6 respectively).

To validate the extracted data, Moreno and Pizard performed a lean peer re-
view as recommended by Garousi and Felderer (2017). This type of review involves
selecting a random set of papers and reviewing them interactively by asking ques-
tions, while the other researcher explains the extraction. Reliability analysis of the
data extraction process is included in Appendix I.

2.2.3 Quality assessment process

Kitchenham proposed a quality assessment of all the identified studies. Because the
primary studies were of di↵erent types, we used the same questions as Kitchenham
and Brereton (2013), which were originally used by Dyb̊a and Dingsøyr (2008),
see Appendix I. Pizard and Moreno independently assessed the quality assessment
criteria for each primary study. In a meeting, all disagreements were resolved.
Quality extraction was done in parallel to data extraction. Reliability analysis of
the quality assessment process is included in Appendix I.

2.3 Reported Initiatives and their Context (RQ1, RQ2)

Table 3 presents the selected studies and their general characteristics and Table 4
presents the context of each EBSE’s teaching initiative.

Half of the studies have a main objective related to the teaching of EBSE, while
the rest seeks to study the EBSE process or study attitudes towards the approach.
The studies were published between 2005 and 2018, but all the reported EBSE
training courses took place prior to 2014. They were carried out by universities in
seven countries with an important participation of the UK. The studies report ex-
periences with postgraduates, both MSc and PhD candidates, and undergraduate
students. They also present a diverse context of program areas and course focus
in which these initiatives were carried out (see last two columns of Table 4).

The quality of the studies, with the exception of three of them, is above 60.
When analyzing the quality by type of study (see Figure 2), Lessons learned scored
worse (including the three cases below 60). We can assume that this is due to the
lack of defined processes for such studies. The quality scores tend to favor papers
that adhere to a well-defined process. We observe that Kitchenham and Brereton
(2013) in their review of reports on the execution of secondary studies present
a quality score by type of study somewhat higher than ours. We believe this is
because software engineering education studies do not have as many guidelines as
empirical studies do. Studies found in our review vary greatly in length, rigor, and
the way they report their research. We also note that much of the information we
required, and that we would suppose basic for a report of an educational experience
(e.g., the number of students), was not included in some of the papers.
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Fig. 2 Quality score for
types of study (number of
studies in parenthesis).

2.4 Content, Methodology and Assessment (RQ3, RQ4)

The most common educational approach was a brief introduction (1 to 3 classes)
followed by a practical assignment (9 studies), although alternating introduction
of concepts and practice or longer lessons and a practical assignment were also
used (see Table 5). None of the studies identified any educational theory used to
underpin their teaching approach.

All initiatives included a practical assignment (see fourth column in Table 5).
In most cases, it involved participating in the execution of secondary study, i.e.
an SLR, a limited SLR, or a mapping study (from now referred to as training
studies). In some cases, it involved performing EBSE steps, that is, identifying a
problem and trying to address it using scientific evidence, practical experience,
and customer’s values. In one study, the students wrote summaries of primary
studies which they later arranged in a summary registration system (S10).

The training studies were conducted individually, in groups of students, or
with the whole class working together. In half of the primary studies, the teachers
limited the scope by setting a specific topic to study, while in others the scope
was limited by omitting some stages (in S6 there is no quality assessment, in S4
the students worked on a subset of recovered articles). In another case (S1), a
semi-built protocol with suggested questions and terms was used.

As presented in Table 6, evaluation approaches included marking student re-
ports, teacher evaluation of EBSE or SLR outcomes, and giving students ques-
tionnaires to describe their experience. There is no indication that one method is
inherently better.

Regarding evaluation approaches, the studies lack the following aspects:

� They did not include analysis of the evaluation methods or their limitations.
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Id University Country Year
of the
study

Number
and type of
studentsb

Program
area

Course focuse

S1 Universidade Fed-
eral do Rio de
Janeiro

Brazil 2010-
2012

7 PhD, 14
MSc (PG)

CS and
not CS

Empirical SE

S2 Polytechnique
Montréal

Canada 2010-
2012

24 PG - SE

S3 Istanbul Kültür
University

Turkey 2013a MSc - Software archi-
tecture

S4 University of Bari Italy 2013 MSc CS EBSE/SLR
S5 The University of

Alabama
USA 2012 8 PhD CS and

not CS
Empirical SE

S6 Keele University UK 2008 44 UG CS and
not CS

Integrated mod-
ules

S7 Durham Univer-
sity

UK 2010a 3 UG, 3
PhD

- Integrated mod-
ules

S8 Teesside Univer-
sity

UK 2008 52 MSc not CS Research meth-
ods

S9 Keele University UK 2008 1 MSc not CS Individual
projects

S10 California Poly-
technic State
University

USA 2007 13 MSc CS SE

S11 University of Bari Italy 2008a MSc - Empirical SE
S12 University of

Hertfordshire
UK 2007 20\12 UG c CS Empirical SE

S13 University of
Hertfordshire

UK 2005 15 UGd CS Empirical SE

S14 Hedmark Univer-
sity

Norway 2003-
2005

30-60 UG not CS EBSE/SLR

a The authors do not specify the year of the study, so the paper publication year is included here.
b PhD: PhD candidate student, MSc: MSc degree student, UG: Undergraduate student, PG: Post-
graduate student

c 37 students, 20 courseworks were studied and 12 students responded the feedback questionnaire.
d 39 students, 7 used to build checklist and 15 courseworks were studied.
e Integrated modules: modules that cover a variety of topics (usability, professional practice, team-
work and empirical methods in S6, or elements of physics and computer science programs in
S7), Individual projects: individual work of medium and broad-scope (e.g., capstone projects).

Table 4 Context of EBSE teaching initiatives

� None of them included individual written tests, nor is it clear if any studies
included theoretical and not only practical aspects in their evaluations.

2.5 Di�culties and Recommendations (RQ5)

The common issues (see Table 7) mentioned by at least two studies are:
The time and e↵ort required are a limitation in the practical work of the students.

The students’ assignment generally involves carrying out an SLR or a mapping
study (see previous section). This is not only a student issue, undertaking a sec-
ondary study is also time/e↵ort consuming when done by non-students as reported
by Kitchenham and Brereton (2013).

Students can do SLRs/Mapping studies. Although only 4 out of the 14 studies
claim that novices can do secondary studies, only two of the rest of the studies
include arguments that might indicate otherwise. In S1, the authors suggested
that novices’ inexperience generates inconsistencies in their protocol, and in the
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Table 6 Evaluation
approaches

Study Student reports EBSE/SLR
outcomes

Student
questionnaire

Not
stated

S1 Team Yes
S2 Yes
S3 Individual
S4 Ind. and Team
S5 Individual
S6 Ind. and Team Yes Yes
S7 Yes
S8 Ind. and Team Yes
S9 Yes
S10 Yes
S11 Yes
S12 Individual Yes Yes
S13 Individual Yes
S14 Yes

Common issues Reported by

Time and e↵ort required in practical assignments is a major problem S5, S6, S7, S12, S14
Novices can do SLRs/Mapping studies S3, S7, S8, S12
Search of studies is di�cult for students S1, S7, S9, S12
An iterative approach to conduct secondary studies can help students S2, S5, S8
Value of teaching SLRs as a team project S4, S6, S11
The research question of practical assignment should be focused S5, S6

Table 7 Common issues and recommendations

execution of their review, they do unnecessary work and omit relevant information
in their report. The authors even conjecture that SLRs are not reliable when
carried out mainly by novices. This analysis seems harsh to us, given their report
of the teaching process. The researchers in this study did not appear to monitor
the novices during the process, nor did they o↵er advice or encourage iteration if
processes were not properly completed. We believe that there needs to be a proper
teaching method to make sure students do not compound misunderstandings or
errors during the SLR process. In addition, the authors of S13, in what they call a
preliminary investigation, obtained inconsistencies between their qualitative and
quantitative results, and suggest that students tend to use EBSE superficially.
However, in a continuation of their research (S12) two years later, they indicate
that students managed to use EBSE e↵ectively although it was a very challenging
activity.

Searching for studies can be di�cult for students. In this issue the researchers of
the di↵erent studies include di↵erent stages of the SLR process, from the elabora-
tion of the search string to the selection of articles, using inclusion and exclusion
criteria. In addition to the clear inexperience of the students, the di�culty in
searching could also be associated with how inappropriate the functionalities of
digital libraries are (or were at the time) to undertake secondary studies, an issue
also found by Kitchenham and Brereton (2013).

An iterative approach can help students. EBSE and domain novices can benefit
from an iterative approach. The protocol can be adjusted as the review progresses
and the students gain better domain perception and improve their EBSE knowl-
edge. Instructors can also measure student progress and adjust their e↵ort by
removing or adding activities or iterations.
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Value of teaching SLRs as a team project. Conducting a secondary study is chal-
lenging and time-consuming, due to this, several authors agree that teamwork
seems like an appropriate approach. In fact, adopting team working is consistent
with normal practice where SLRs require at least two-person teams to cater for
search, select, and extraction validation processes. In addition, students may pay
more attention when carrying out the SLR stages if they know that they have to
present their results to the other members of their team or to the entire class.

Focusing the research questions is a key success factor. An adequate scope is very
important so that the students can successfully complete the practical assignment,
without requiring more e↵ort than stipulated.

2.6 Benefits for Students (RQ6)

As shown in Table 8, on the benefits of an EBSE training there are more claims by
the authors than results. The objectivity of the reported benefits worsens consider-
ably if we consider that only the S7 study has su�ciently rigorous data collection
and data analysis. Despite all this, the most common benefits are: learning how to
search the literature and organizing results, learning about empirical studies, and
learning how to assess the information on a topic.

2.7 Discussion of Findings

The 14 papers were extremely varied in their goals and methodology. This means
that there is little to be gained by trying to aggregate the results into some overall
model. Our approach has been to review the papers from the viewpoint of our
research goal which is to develop a training initiative that can be delivered in a
university environment. Despite this, in this subsection we include a very brief
discussion of some important points.

Context of the training. Only two studies report courses specifically aimed at
teaching EBSE. This may be because there is a lack both of detailed guidelines for
conducting the EBSE steps, and of reports of EBSE use in industry, which makes
EBSE training di�cult. It is also the case that curricula guides for undergraduate
students in CS and SE do not consider the issue of evidence-based practice (Joint
Task Force on Computing Curricula - ACM and IEEE Computer Society, 2013,
2014).

Benefit Claimed as possible
benefits by

Reported as
results by

Learn how to search the literature and organize results S4, S12, S14 S7
Learn (more) about empirical studies S4, S6, S10, S12
Learn how to assess the relevance, validity or quality of
the information on a topic

S6, S14 S3

Acquire or improve research skills S3, S7
Become aware of the value of aggregating evidence S6 S11
Practice the use of digital libraries S6 S3
Improve critical and systematic evaluation of arguments S6, S14

Table 8 Common benefits
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Scope of the training studies. Training was mostly based on giving students
practical assignments, only in the three oldest studies did the student assignment
include working on the EBSE steps. In the rest of the studies, the students par-
ticipated in the execution of all, or part of, a secondary study. Again this might
be due to a lack of detailed EBSE guidelines, but it may also be because many
particpants were post-graduate students, and systematic reviews are a standard
scientific research method which fits well into academic post-graduate training
courses.

Benefits to students. Several studies include potential benefits of EBSE train-
ing, although very few of them are derived from the results obtained. The most
reported benefits are: learning how to search the literature, learning about empir-
ical studies, and learning how to assess information on a topic. These results are
consistent with those of Aglen (2016) who reported that EBP training in nursing
contributed to developing information literacy skills, i.e. the ability to identify the
need for information, how to find relevant information and how to use it (Brettle
and Raynor, 2013). More rigorous research on the real benefits to students after
EBSE training would be very interesting, especially to motivate further training
and to assess the possible inclusion of EBSE in CS and SE curricula.

Students’ challenges and recommendations. Several studies mention di�-
culties encountered or recommendations for future initiatives. In this regard, the
evidence seems to indicate that novice students can undertake secondary studies.
However, the time and e↵ort required are a limitation for the practical assign-
ment, and searching for studies can be di�cult for students. Using a project-based
approach with iterations and well-focused research questions appear to help the
teaching of EBSE.

Negative e↵ects of the training. Although, seven of the papers pointed out
the di�culty of applying the technique (i.e., due to time and e↵ort, or due to
problems searching the literature), none of the studies suggested that EBSE or
SLR training was harmful to students (e.g., causing them to doubt their ability if
they had problems, or to miss the opportunity to take courses more directly related
to developing CS/SE skills). Furthermore, five identified positive benefits. Thus,
we were confident that undertaking a training initiative would not be detrimental
to our students even if they were never in a position to undertake an SLR or
personally adopt EBP.

Recommendations to researchers. Although the quality of most of the stud-
ies qualifies as good, much information necessary to understand the teaching ini-
tiatives, e.g. the number of students or details of the teaching method, was not
included in the publications. We suggest that future studies should try to be clear
about their aims and we also recommend researchers to adopt a well-defined strat-
egy for evaluating the results of the study against those aims. In all cases, student
participants should be asked to assess the value of the training they have received.
Finally, we encourage researchers to consider the ethical aspects involved in re-
search in educational settings. In fact, we recommend including a question about
ethics to any quality evaluations of studies carried out in educational settings to
ensure the educational experience (not solely the anonymity) of participants is
properly safeguarded.
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2.7.1 Impact of the SLR results on our case study

As a result of the information obtained from the SLR, we decided to undertake a
case study to develop and evaluate a proposal for teaching EBSE. The case study
has the following characteristics:

� Program area and type of students. In our own university we have a 5-year de-
gree, this is quite di↵erent from other universities where a 3-year degree is more
common. However, the results of the review suggest that both undergraduates
and postgraduates can be trained in EBSE. So we decided to design an EBSE
course (with emphasis on SLR process) for our undergraduates, who can take
it optionally in the fourth or fifth year of their degree. In this way, we take
advantage of our opportunity to provide more extensive and more intensive
training than is normally possible for postgraduate courses. In addition, de-
signing a course for our undergraduates allows us to ensure that students have
similar prior knowledge, something that we could not verify for our graduate
programs.

� Educational theory. Unlike previous studies, we decided to incorporate learning
outcomes that allow better traceability of both the purpose of the training and
the results of its execution. We present the basic theory and practice of LO in
Appendix II and detail how we used it for our course in Section 4.1.

� Educational approach. Despite the fact that in previous initiatives the most used
educational approach was a brief introduction followed by a practical assign-
ment, we decided to use an alternating introduction of concepts and prac-
tice. We believe that this approach would better monitor student progress and
their learning achievements. It would also allow students to iterate or re-run
previous steps in their assignments if problems arose (an approach explicitly
recommended by three studies, see Table 7).

� Practical assignment. The practical assignment element of our proposal is the
execution of a limited SLR as a team project, a strategy used by several pre-
vious initiatives and also reported as a recommendation (see Table 7). Teams
were allowed to choose their own topic. Working on a topic of their choice
gives students additional motivation throughout the process. Our decision on
this issue was influenced by the fact that the study that reported the worst
outcome from student training imposed a specific topic (S1).

� Teaching materials. The main material of our proposal is the book by Kitchen-
ham et al. (2015). It has not been used in any other reported initiative since
they all were carried out prior to its publication.

� Evaluation approach. In previous initiatives, evaluation approaches included
marking project reports, teacher evaluation of outcomes, and giving students
questionnaires to describe their experience. We have incorporated all those
approaches as well as written tests, a focus group moderated by the course
teachers, and the results of a debriefing meeting held by the course teachers
allowing triangulation of evaluation information from a variety of sources and
perspectives.

� Researcher/Teacher bias. Two studies reported that researchers evaluating their
own students or their own teaching methods was problematic. To minimize
this bias in our study, Otegui and Vallespir, who were not teachers of the
course, helped in preparing the learning outcomes, the course materials, and
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the learning assessments. Additionally, Otegui carried out an analysis of the
results of the learning assessments.

2.7.2 Threats to validity

Our systematic review was undertaken based on a protocol designed to reflect
best practice in the conduction of systematic reviews and thus minimize standard
threats to validity based on missing relevant sources and researcher bias or error.
To mitigate the risk of the protocol being unsuitable, four researchers took part
in its construction and validation. In the context of research bias, we also confirm
that Kitchenham who was a co-author on several of the primary studies was not
involved in either study selection or data extraction.

The only deviation from the initial protocol was the review of the extracted
data and the data presentation tables, both suggested by Kitchenham, to improve
traceability of the SLR results to the course design and case study design. This
involved extracting additional data and classifying the information into new cat-
egories. The reliability analysis was updated taking these changes into account.

The decision to exclude papers written languages other than English could
potentially have meant missing relevant papers. In practice, all candidate primary
studies found by our search process were in English.

Our choice to use a lean peer review of textual data extraction based on a
random selection of half primary studies is not the standard method data valida-
tion used for SLRs. This means that there is a potential threat to data validity.
Although there was no disagreement in this review, the second reviewer asked sev-
eral questions in order to understand each extraction performed and ensure that
they were accurate.

3 Case Study Goals and Context

In order to continue our investigation of the skills needed to use EBSE and pos-
sible training methods, we carried out an embedded case study (Runeson and
Höst, 2009). The case study involved the development, conduct, and evaluation
of a teaching proposal for an undergraduate EBSE course with emphasis on SLR
process and guided by learning outcomes (LOs).

3.1 Case Study Goals

The main goal of our course is to provide an e↵ective method of EBSE training.
This means that the main goal of our case study is to investigate whether the
students have achieved the learning outcomes of the course. We also need to un-
derstand any problems the students had with the course content and structure,
and their opinions about the relevance and value of what they learned.

Thus, our case study had the following research questions:

RQI Does our training proposal enable undergraduate students to explain
EBSE concepts and contribute to the conduct of an SLR?

RQII How suitable were the method and materials used according to the stu-
dents’ perception?
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RQIII What di�culties do students observe?
RQIV What benefits do students observe?

3.2 Case Description

The course we developed is optional for the Computer Science curriculum, of the
Universidad de la República, which is a five-year degree similar to the IEEE/ACM’s
proposal for the Computer Science undergraduate curriculum (Joint Task Force
on Computing Curricula - ACM and IEEE Computer Society, 2013). The pro-
gram consists of 450 credits, and has certain minimums by areas, e.g. 70 credits in
Mathematics, 60 in Programming, 30 in Computer architecture, operating systems
and networks, 10 in Software Engineering, and 140 in non-mandatory courses. One
credit is equivalent to fifteen hours of work required by a course for the adequate
assimilation of its content, including classroom hours, assisted work, and personal
student work. Also, there is a suggested course path but students have certain
freedoms, for example, choosing some courses before others.

As a pre-requisite for entry to our EBSE course, students must have passed
the undergraduate course on software engineering. This means that students would
take this course during the fourth or fifth year of the degree and have approxi-
mately 270 credits.

The purpose of the course is to teach EBSE fundamental concepts and tech-
niques for practical use. Once the course is completed, students are expected to
understand basic EBSE concepts, identify professional activity issues that may be
solved by searching for evidence in the literature, assess published secondary stud-
ies on software engineering, and participate in the planning and implementation
of SLRs.

One important characteristic of our proposal is the definition of learning out-
comes (LOs) to guide both the design of the entire course and the method we use to
evaluate the course. Appendix II presents the theory of LOs together with Bloom’s
levels of cognition domain. Our use of these theoretical concepts is presented in
Section 4.1.

4 EBSE Teaching Proposal for University Students

The course we developed is based on a teaching proposal with a high practical
workload and an alternating introduction of theoretical and practical content.
The design of the teaching proposal and its evaluation process were guided by
the challenges and recommendations of previous research on EBSE teaching (see
Section 2).

4.1 LOs Development for EBSE Training

A central aspect of our work was the creation of LOs that covered the purpose
of the course following the theory outlined in Appendix II. The process used to
create LOs statments included identifying, selecting, and putting them in writing.
This task was performed by Pizard, who has experience using and conducting
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secondary studies, with the help of Otegui, whose research field is education. This
process was iterative and required the involvement of the teachers who reviewed
and adjusted the LOs during the course.

One of the main di�culties in identifying LOs is related to the fact that, as
teachers, we generally think in terms of what students should know. Thinking in
terms of student performance represents an important conceptual change (Barkley
and Major, 2016).

To identify the course’s LOs, we reviewed the results obtained from the SLR
on EBSE teaching initiatives (see Section 2). As a result, the fact that students
could participate in the planning and execution of a secondary study was set as
the purpose of the course. Therefore, LOs that promote the practical application
of EBSE were identified from secondary studies process activities presented in the
reference book by Kitchenham et al. (2015). This selection also considered course
characteristics, for example, the target audience, prior knowledge, and duration.
In this regard, for example, it was necessary to include LOs to cover basic aspects
of scientific publications.

In order to write the LOs, we used the recommendations by Kennedy et al.
(2007) and Stanny (2016). Emphasis was placed on explaining LOs as observable
behaviors, taking into account how it would be possible to assess them during or
after the course. To write the LOs, we chose verbs following the recommendations
of Barkley and Major (2016), and Kennedy et al. (2007) that provide practical
advice. Among other recommendations, they suggest avoiding the terms ‘know’ or
‘understand’ or ‘appreciate’ because these words are open to many interpretations
as well as potential misinterpretations. According to this, we set as a goal that all
LOs correspond to specific things that students can do or achieve. In that way, we
believe that the achievement of the course’s LOs can be measured and compared.

Finally, we identified Bloom’s taxonomy level for each LO in order to clarify
the levels covered in the course, which allowed us to redefine and adjust some LOs
when producing them. In this stage, teachers were able to identify that LOs linked
to higher Bloom’s levels were the most suitable for practical work. Therefore, most
of the LOs corresponding to Bloom’s levels 4 to 6 are linked to some team activity
carried out during the course.

Table 9 shows the course’s LOs with their Bloom’s level, grouped by thematic
unit. We used these LOs as a guide for all aspects of the course, from content and
reading material selection, and classroom work methodology selection, to assign-
ments and assessment methods.

Table 9: Learning outcomes for each of the course’s Thematic units.

Id. Learning outcome Bloom’s
level

LO01 Plan and conduct an SLR on a specific topic of your choice as a team 3
Basic aspects of scientific publications

LO02 Interpret the di↵erent sections of a scientific paper 3
LO03 Access scientific papers through digital libraries and search engines 3
LO04 Distinguish between refereed scientific literature, grey literature, scientific

communication publications, and opinion pieces
2

Evidence-based paradigm
LO05 Describe the role evidence has on knowledge acquisition 2
LO06 Present the benefits and limitations of the evidence-based paradigm 3
LO07 Explain the purpose and context of systematic reviews 2
LO08 Explain the five steps of the process of evidence-based software engineering 2
LO09 Explain the characteristics of the software engineering discipline that have

an influence on the application of the evidence-based paradigm
2
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Table 9: (continued)

Id. Learning outcome Bloom’s
level

LO10 Present the restrictions and limitations of evidence-based software engineer-
ing

3

Systematic literature reviews (SLRs) in software engineering (SE)
LO11 Describe the di↵erent stages of an SLR in evidence-based SE 2
LO12 Compare the di↵erent types of secondary studies (qualitative SLRs, quanti-

tative SLRs, systematic mapping and tertiary reviews)
3

Planning an SLR
LO13 Interpret the aspects that influence the need and feasibility of an SLR 3
LO14 Analyze the role of research questions on an SLR 4
LO15 Participate in the identification of the need for an SLR 4
LO16 Participate in the design of the research questions for an SLR 4
LO17 Participate in the validation of the research questions for an SLR 6
LO18 Describe the protocol sections of an SLR 2

Search for primary studies
LO19 Describe the process to define a search strategy for primary studies, including

resource identification
2

LO20 Analyze the di↵erent search methods for primary studies 4
LO21 Describe the search completeness criteria in the di↵erent types of secondary

studies
2

LO22 Participate in the design and implementation of the search strategy for pri-
mary studies for an SLR

4

LO23 Participate in the definition and adjustment of a string for automatic search
for an SLR

4

Study selection
LO24 Describe the characteristics of predatory publications 2
LO25 Characterize possible primary studies as predatory publications and describ-

ing their processing
3

LO26 Analyze how to process multiple relationships between scientific papers and
studies

4

LO27 Describe the activities involved in the selection of primary studies 2
LO28 Participate in the selection stage of primary articles for an SLR with multiple

reviewers
4

LO29 Participate in the definition of inclusion and exclusion criteria for an SLR 4
Assessing study quality

LO30 Analyze the need to assess the quality of primary studies 4
LO31 Explain the concepts and activities related to the quality assessment of pri-

mary studies
2

LO32 Participate in the definition of quality assessment criteria for primary studies
for an SLR

2

LO33 Participate in the quality assessment of primary studies for an SLR 4
Data extraction from the studies

LO34 Explain the objective and methods of extraction for the di↵erent types of
secondary studies

2

LO35 Participate in the creation of data extraction forms for an SLR 4
LO36 Participate in data extraction for an SLR 4

Mapping study analysis
LO37 Present the objectives and main characteristics of a mapping study (process

stages, classification, presentation)
2

LO38 Analyze the di↵erences between a mapping study and an SLR 4
LO39 Participate in the classification of primary studies and the presentation of

the results of a mapping study
4

Qualitative synthesis
LO40 Describe the purpose of data synthesis 2
LO41 Describe the two main methods used for data synthesis 2
LO42 Analyze the context in which qualitative synthesis is used 4
LO43 Describe the objective and process of narrative synthesis 2
LO44 Describe the objective and process of thematic synthesis 2
LO45 Describe the objective and process of vote counting 2
LO46 Analyze the general issues of qualitative synthesis 4
LO47 Assess the use of a specific qualitative analysis technique in an SLR studied

based on a scientific publication
6

LO48 Participate in the qualitative synthesis of the primary studies of an SLR 4
LO49 Participate in answering the research questions using the results of the syn-

thesis
6

Report a systematic review
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Table 9: (continued)

Id. Learning outcome Bloom’s
level

LO50 Describe the objective and model structure of an SLR report 2
LO51 Participate in the production of an SLR report 4

Knowledge translation and di↵usion
LO52 Analyze the concept knowledge translation 4
LO53 Describe the knowledge translation activities to be performed in the context

of SE
2

LO54 Describe the di↵usion activities to be performed in the context of SE 2

4.2 Course Development Principles

The selection of teaching methods took into account the teachers’ experience and
the results of the previous SLR. In this regard, most of the previous initiatives
reported an initial short instruction followed by the execution of a secondary study
by the students. Our course is also based on the execution of a secondary study but
with some variants. First of all, as it is intended to train novices, we propose an
alternating introduction of theoretical and practical content and a weekly follow-
up of the students’ progress in the execution of their secondary studies. In addition,
based on the di�culties and recommendations reported in previous studies (see
2.5), we organized the course so that:

� Students would be helped to choose their review topic (are assisted by teachers
in choosing topics with enough published evidence).

� The workload would be limited in some stages of the process.
� Students who needed to perform iterations in one or more stages of the process

would be supported.

4.3 Course Structure

The course is 14-weeks long and has one non-compulsory on-site class a week that
is 3.5-hours long. Table 10 shows the course schedule.

Students are advised to study chapters of the reference book by Kitchenham
et al. (2015) for almost all topics of the course. In addition, the materials on
predatory publications (LO24 and LO25) are Beall’s criteria and list (Beall, 2012,
2013); and to introduce a qualitative synthesis technique in a practical manner
(LO47), we recommend the article on thematic synthesis by Cruzes and Dyb̊a
(2011).

Students have to work on a practical team assignment, which consists of defin-
ing and conducting guided activities for an SLR. Each student team chooses the
topic of the SLR and the research questions according to their interests. The
teachers guide this selection so that the scope and complexity of the work can be
addressed in the available time. The practical assignment is carried out in teams
of two or three students, starting on week 2 and finishing with the submission of
the SLR’s report on week 14. Classes are organized in such a way that, each week,
a stage of the SLR is covered from the theoretical point of view, and the teams
carry out that stage on their SLR.
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Week Syllabus Materialsa Assignments

1 Basic aspects of
scientific publica-
tions, Evidence-based
paradigm, SLRs in SE

1-3 Identify the sections of a scientific paper
(LO02).

2 Planning an SLR 4 Define the objective and identify the need
for the review to be performed by each team
(LO15). Pose and validate the research ques-
tions (LO16, LO17).

3 Searching for primary
studies

5 Define the search strategy for your review
(LO22). Define and adjust the string for au-
tomatic search (LO23).

4 Study selection 6 Define inclusion and exclusion criteria for
your review (LO29). Define the selection pro-
cess and implement it, obtaining between 20
and 30 primary studies per student (LO28).

5 Study quality assess-
ment

7 Define the quality assessment procedure
(LO32) and implement it for the previously
selected primary studies (LO33).

6 Data extraction from the
studies

8 Define the extraction form for your re-
view (LO35) and extract data from the pri-
mary studies obtained in the previous stage
(LO36).

7 Mapping study analysis 9 Analyze the data from the primary stud-
ies and classify them according to commonly
used schemes and schemes specific to your re-
search questions (LO39).

8 Introduction to data
synthesis, Qualitative
synthesis

10 Individual midterm testb. Perform a type of
qualitative synthesis on the extracted data
(LO48) in order to answer the research ques-
tions established (LO49), taking into account
the limitations of the review process per-
formed.

9 Reporting a systematic
review

12 Produce a report detailing the entire process
and the decisions made (LO51).

10 Knowledge translation
and di↵usion

14 -

11-12 Work on team assignment
13 Team assignment monitoring
14 Deadline for team assignment and final individual testc

a We suggest chapters from B. A. Kitchenham, D. Budgen, and P. Brereton, Evidence-Based
Software Engineering and Systematic Reviews. Chapman & Hall/CRC, 2015.

b The individual midterm test consists of a written test with open-ended questions on the use
of the thematic synthesis technique established in D. S. Cruzes and T. Dyb̊a, ‘Recommended
Steps for Thematic Synthesis in Software Engineering’, International Symposium on Empirical
Software Engineering and Measurement, no. 7491, pp. 275–284, 2011.

c The final individual test consists of a written test with open-ended questions on topics discussed
throughout the course, chosen by the teachers.

Table 10 Course timetable, including syllabus, materials and student assignments.

Each class has two parts: a lecture by the teachers and some assigned time for
teamwork. During the first hour, teachers explain briefly the main concepts of the
stage of the SLR process to be covered in that class. Students are asked to read
the material for each class (see 3rd column of Table 10) beforehand, which is then
summarized including, for example, questions for the students. Then, the weekly
task assignment is presented, which consists of completing the SLR activities of
the stage of the process discussed.

In the second part of the class, which lasts approximately two hours, each
team works on their SLR, and teachers guide them according to each team’s spe-
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cific needs. Teams can ask questions regarding their projects whether about their
current weekly task assignment or about previous ones. The two teachers in charge
of the course are in the classroom during the entire class. Each team is expected
to devote four hours a week outside the classroom in order to be able to follow the
process.

Students can discuss their problems at any time during the course through a
Moodle platform site (Rice, 2006). Teachers also use this site to publish material
and answer questions.

5 Subjects Selection and Ethical Issues

Our main unit of analysis was each student, although on some occasions it was
necessary to study student teams, e.g. while they were carrying out their practical
assignment.

Regarding the selection of subjects, students were encouraged to take the
course by a typical course information entry on the institutional website of the
university. The course had a maximum capacity of 30 students. In the event that
more students enrolled, the selection would be by lottery, something that in prac-
tice was not necessary.

During the first class of the course, the teachers explained to the students that
they were going to conduct research on the EBSE training, and described the
purpose and data collection procedures that they planned to use. In addition, the
students were told that the information collected was to be treated confidentially
(i.e., reports of the course assessment would not link grades or test scores to
individual students or teams), that participation or not in the study would not
influence their learning experience or evaluation, and that they could withdraw
from the study at any time without leaving the course. All students agreed to
participate voluntarily and signed an informed consent form.

6 Data Sources, Data Collection, and Data Analysis

In order to answer the case study research questions, we collected quantitative and
qualitative data. We particularly considered data triangulation, both regarding
collection methods and the observers’ point of view. The data include the students’
opinion —collected through a survey and a focus group— as well as the marks
each student obtained in the course tests and SLR project. In addition, in order
to present another point of view, the data include a summary of the teachers’
debriefing meeting.

The survey and the focus group were carried out in the last class of the course.
This class was organized in stages. In the beginning, the teachers gave each team
detailed feedback on their work. The feedback for each LO included the following:
the grade achieved by the team, the teachers’ comments on these achievements,
and also the assessment criteria. The teachers answered the teams’ questions.
Then, the individual test was carried out. In the end, although participation was
optional, all the students participated in the survey and in the focus group (Kontio
et al., 2008; Bernard et al., 2015).
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6.1 Opinion Survey

To design and implement the survey, we followed the recommendations by Kasunic
(2005) and Torchiano et al. (2017). The purpose of the survey was to collect
the students’ opinions on learning acquisition and the suitability of the content
and method of the course. We identified two units of analysis: course students
individually and student teams.

The target population was the group of students taking the course. Participa-
tion in the survey was optional and students were reminded that survey reports
would not link scores to individual students or teams. Students signed an informed
consent form when completing the survey.

6.1.1 Survey form construction

We used a form for each unit of analysis as a tool for the survey, all of them
presented in Appendix III. The individual opinion form had four sections (A, B, C,
and D). The first section included each student’s prior experience and knowledge;
the second one included general questions about the course; the third section
grouped questions to survey the opinions on the achievement of the course’s LOs;
and the fourth introduced questions on the benefits and di�culties of the course.
The opinion form for the teams had only one section (E) that included questions on
motivation and di�culties, and each team filled a single form after having reached
an agreement. In those questions, where it was possible, we used the Likert item
format with a five-point agreement scale (Likert, 1932). From now on, the questions
in the forms will be referred to with the SN format, where S corresponds to the
section and N to the question number. Under this nomenclature, B1 is the first
question of section B.

In the interest of improving survey participation, we used the principles listed
by Smith et al. (2013). We applied the principle of reciprocity by o↵ering 10
additional points on top of the 100 points total from the course assessments. We
applied brevity by including questions that avoided open-ended questions and were
as specific as possible. We applied the authority and credibility principles, along
with social benefit, by having the course teachers introduce the survey and explain
to students the benefits that reporting their opinions would bring to future courses.

6.1.2 Survey form analysis

Section A was meant to relate to the students’ knowledge before the start of the
course. Asking students to complete it at the end of the course was a mistake on
our part, so we did not analyze this Section. To analyze responses to section B, we
counted the number of responses in each of the five levels of agreement categories.
For responses to Section C, we used response categories that identified the extent
to which students felt that they had achieved each LO. We counted the number of
responses in each response category. Section C asked students to comment on any
of the LO’s they had not achieved. These comments were collated and listed. The
textual comments were not subjected to any formal content or thematic analysis.
Section D asked students to rate the phases of the SLR in terms of di�culty
using a five-point scale with 1 meaning easy and 5 meaning very di�cult. For
each phase, we counted the number of students assessing the phase in each of the
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response categories. The participants were also asked to identify benefits of the
course in free text format. The textual responses were collated and organized by
the first author into three related concepts: responses that related to learning SLR
skills, responses that related to improving professional practice, responses related
to improving research skills.

For Section E, relating to the team assessments, textual responses were ex-
tracted and listed. The textual comments were not subjected to any formal content
or thematic analysis.

6.2 Focus Group

In the last class, we also carried out a focus group (Kontio et al., 2008; Bernard
et al., 2015). In the focus group, all students talked about and discussed with
the teachers the course’s di�culties, as well as their opinions and suggestions for
improvement. The teachers prepared a list of all the specific issues raised by the
students. The comments were not subjected to any formal content or thematic
analysis.

6.3 Learning assessment

We used the course learning assessments to add a more objective perspective on
student achievement to the opinion survey and the focus group that covered a more
subjective perspective, all within the students’ point of view. During the course,
there were three learning-assessment instances: an individual midterm written test,
a final individual written test, and the practical team assignment.

6.3.1 Course assignments

The midterm test assessed the ability to understand and evaluate the use of a
qualitative synthesis technique (LO47) (Cruzes and Dyb̊a, 2011). A week before
the test, students were asked to read a paper about qualitative synthesis tech-
nique (Cruzes and Dyb̊a, 2011) and were advised on the details of the assessment.
The test included theoretical questions and others regarding the application of the
qualitative synthesis technique to the practical team assignment. For example, two
questions in the midterm test were:

� What do you understand by thematic analysis?
� Do you think it is applicable to your current review? If yes, indicate how you

would apply it.

The final test took place once the course had concluded and consisted of four
open-ended questions on some of the topics covered in the course, including the
practical team assignment. The final test assessed six LOs chosen by the teachers
(LO01, LO12, LO30, LO37, LO38, and LO52). For example, two questions in the
final test were:

� Explain the concept of knowledge translation in EBSE.
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� Discuss the limitations of the SLR undertaken by your team during the course.
You can add reflections that have not been included in the SLR report sub-
mitted.

Finally, the practical team assignment was assessed based on the SLR report
submitted by each team at the end of the course. Both teachers separately marked
(using a five-point achievement scale, from Not achieved to Completely achieved)
each team’s SLR reports using the list of LOs covered by the practical assignment.
For each team, the evaluations were then unified using averages and gathering the
teachers’ comments on the achievement of each LO. In addition, a general average
of all LOs was calculated as the final score of the practical assignment.

All three assessments sought to cover the LOs we consider most relevant to the
course purpose, which is to teach EBSE fundamental concepts and techniques for
practical use. Assessments covered all LOs that correspond to the practical team
assignment, which allows students to learn how to participate in the conduct of
secondary studies. In addition, we randomly selected other LOs that we included
in individual tests to have a sample of the learning achievement of more theoretical
aspects of the course. The individual midterm test had a maximum score of 10
points, the final individual test, 40 points, and the practical team assignment, 50
points. A minimum of 60 points was required to pass the course.

6.3.2 Learning assessment analysis

Each written test question related to a single LO and the mark obtained by each
subject on each LO was allocated to a five-point achievement scale (from Not
achieved to Completely achieved) so that it could be compared the assessment of
personal achievement made by each subject. We counted the number of students
marked in each category for each LO.

For the team assignment, the stages of the SLR were linked directly to specific
LOs and were marked against each of those LOs. The mark obtained by each team
on each LO was again allocated to a five-point achievement scale. We counted the
number of teams on each scale point for each relevant LO.

6.4 Teachers’ Debriefing Meeting

Finally, and with the purpose of having an additional point of view, we present
the opinion of the course teachers. To collect it, the teachers held a meeting a
few weeks after finishing the course in which they discussed the experience and
identified things that could be changed to improve future similar courses.

6.5 Case Study Participants’ Roles

The roles of the authors in the teaching process were as follows: Pizard and Otegui
elaborated the LOs, Acerenza validated them. Pizard and Acerenza designed the
course and learning assessments. They both taught the course. Otegui validated
the course design and learning assessments before its execution.

In the case study: Pizard defined the research objectives and methods with
Vallespir’s validation. The data collection (student learning assessments, survey,
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focus groups) was carried out by Pizard and Acerenza. Pizard and Otegui did the
data analysis and Acerenza validated it. All authors participated in the discussion
of the results and limitations of the study.

6.6 Course Validation

Our study has some characteristics of the participant observation method. In this
method, the researcher, with the aim of gaining in-depth knowledge of a topic or
situation, is both participant and observer in an activity over time (Emerson et al.,
2001). This method, however, though applicable for studying and describing con-
texts like ours, has certain limitations (Ko, 2017): it requires introspection, which
can be subjective, it presents a single perspective, and it is also possible that the
observed subjects modify their behavior. To mitigate the first two limitations, a
researcher (Otegui) who does not share our line of research, and therefore, neither
our expectations of success, collaborated in our study. Otegui validated the course
design and learning assessments prior to its execution. She helped with the data
analysis, giving an external perspective. She also formally validated the assess-
ment of the students’ practical work. In this validation, she found the assessment
satisfactory, with the following strengths: the definition of the evaluation criteria
for each LO prior to the start of the evaluation process, 80% agreement on as-
signed scores, and the feedback to students, that included giving and discussing
with them the evaluation criteria used. The most important points to improve
included: (1) creating more detailed criteria, like the LOs, so they can be clearer
and more specific, and (2) transforming the evaluation guideline into an evaluation
matrix or rubric, see for example Venning and Buisman-Pijlman (2013).

7 Case Study Evaluation Results

This section presents the results of the case study evaluation process. Ten stu-
dents, organized into four teams, enrolled in the course and all passed; all of them
participated in the survey and the focus group. The LO achievement levels de-
rived from analyzing the student opinion forms and marking the student tests are
reported in terms of percentages rather than counts. This means that for student
opinions and test results 10% corresponds to one student, while for team-based
opinions and project assessments, 25% corresponds to one team.

The next three subsections present the answers to the research questions us-
ing the students’ point of view, and for clarity, the teachers’ opinion is included
separately in the last subsection.

7.1 RQI - Teaching Proposal Assessment

To assess whether it was possible to train undergraduate students on EBSE using
our proposal, student achievement of LOs was evaluated by both students and
teachers. In Section B and section C of the opinion form, the students stated
their perception of their achievement using a five-point agreement scale, both in-
dividually and in groups. The teachers assessed the teaching proposal through the
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Fig. 3 LO achievement according
to student opinion survey.

analysis of the learning assessments which were graded on a five-point achievement
scale.

The students’ perceptions of their LOs’ achievement (C1-C54) are summarized
in Figure 3. Sixty-seven percent of the LOs had only positive scores (3 to 5 points),
18% were scored negatively (1 to 2 points) by only one student and 15% were scored
negatively by 2 students.

The LOs with two lack-of-achievement perceptions correspond to: predatory
publications, some topics within qualitative synthesis, and knowledge translation
and di↵usion. The LOs with one lack-of-achievement perception correspond to: ba-
sic aspects of scientific publications, introduction to the evidence-based paradigm,
planning an SLR, study search, study selection, and classification of studies and
presentation of the results of a mapping study.
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Fig. 4 LO achievement according
to learning assessments from team
assignment.

Fig. 5 LO achievement according
to learning assessments from indi-
vidual tests.

In the team assignment assessment performed by the teachers, there is a high
rate of LOs achieved. Figure 4 shows a diverging stacked-bar graph with the learn-
ing assessment of the team assignment.

Only 2 out of the 16 LOs covered in the team assignment have negative scores.
Firstly, one team performed poorly when asked to identify and explain the need
for the SLR (LO15). Secondly, one team completely failed when asked to classify
primary studies and present the results as a mapping study (LO39).

Individual tests assessed di↵erent LOs. The midterm test assessed LO47 and
the final test assessed LO01, LO12, LO30, LO37, LO38, and LO52. Figure 5 shows
the results of the scores normalized according to a 5-grade scale to make it easier
to compare to the preceding figures.

Only half the students properly explained the concept of knowledge translation
(LO52) and also only half the students were able to present the objectives and
characteristics of mapping studies (LO37). We asked students about their SLR’s
limitations (in the context of LO01) and six were able to answer correctly. Also,
six students were able to assess the use of a qualitative synthesis technique on
their SLR (LO47).

7.2 RQII - Course Method and Materials

We analyzed the course method and materials using the opinion survey and the
focus group. The summary results for all Section B questions are shown in Fig. 7.
All comments students wrote on the opinion form relating to Section C are reported
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in Appendix IV. Regarding the overall opinion on the course, all students were
satisfied: on a scale of 1 to 5, six gave it a rating of 4, and four gave it a rating
of 5 (B11). In the focus group, everyone expressed a positive opinion about the
weekly work dynamic, i.e., the introduction in class to theoretical concepts on a
topic followed by the team assignment on the same topic.

In the survey (B6, B1) and in the focus group, students emphasized how useful
the classes were. They also felt the site available on the Moodle platform was a
valuable asset.

Both in the survey (B19) and in the focus group, the students noted that the
book was too complicated or boring to read during the course and that this often
caused them not to follow the readings recommended by the teachers.

All students stated that the assessment process focused on the understanding
of the course (B10) and, during the focus group, they all positively emphasized
the fact that half the course grade rested upon the team assignment assessment.

Regarding the content of the course, only one student included a negative
comment. According to him (C55): ‘the topic of knowledge translation wasn’t enough

for our understanding’. This may also be related to the students’ perceptions about
their understanding of this concept and the fact that only half of the students were
able to explain it in the tests.

The topics chosen by the students for their team assignment were: estimations
in agile development, automatic testing, deep learning in information systems, and
market value prediction using neural networks. In general, the research questions
were quite open and sought to learn more about the chosen topic or make simple
comparisons.

Four students considered the topics of the team assignment related to an engi-
neer’s professional life (B15). On this matter, a student stated the following (C55):
‘I would’ve liked one of the classes to have included a guest that strongly or partially

applies EBSE in their professional practice.’

7.3 RQIII, RQIV - Di�culties and Benefits of the Course

We also assessed the di�culties and benefits of the course based on the opinion
survey and the focus group. All comments students wrote on the opinion form
relating to Section D and Section E are reported in Appendix IV. The students
considered performing an SLR (simplified) to be di�cult or moderately di�cult.
They also stated their greatest challenges were data synthesis and the iterative
dynamics of the process. All teams highlighted that the results of their SLR seemed
to be useful. Regarding the benefits of the course, three believed they are better
prepared for their professional practice, whereas three others believed the course
is only beneficial on an academic level.

Di�culties

Figure 6 shows the results of the survey regarding the di�culty of the EBSE
process (D1).

According to the individual opinion survey (C1), half the students found it
di�cult to conduct an SLR while the other half found it neither di�cult nor
easy. Regarding the SLR stages, the stage that most students scored as di�cult
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Fig. 6 Opinion survey
on the di�culty of con-
ducting an SLR.

to carry out was synthesis (nine students). Secondly, the quality assessment and
review report stages were ranked as di�cult by half the students.

Three teams agreed that the greatest challenge was the data synthesis (E3).
Some believed it was due to a lack of experience, others that the primary studies
were very di↵erent.

All teams thought the results of the SLR conducted could be useful (E5). In
fact, one of the teams stated some members had already used knowledge from
their review results in their professional practice.

As a course organization issue, the students indicated the limit imposed by
the teachers on the number of studies to select presented a problem. Half the
teams reported the need to return to previous review stages in order to obtain
further primary studies for the following stages as a challenge. Also, half the teams
considered there were strong limitations in the usefulness of their SLR results due
to the low number of primary studies considered.

Other course organization issues were the SLR topic and the primary studies’
language. In this regard, all teams agreed that getting to choose the subject of their
SLR was motivating (E1). However, half the teams reported on the complexity
added by choosing a subject they were interested but not experts in. Regarding
language, half the teams found working with primary studies and bibliography in
English di�cult, but the other half said this had no influence on their work (E2).

Course benefits

The students’ opinion on the course benefits (D2) includes three di↵erent points
of view. Firstly, four students had a very pragmatic vision and believed the course
taught them how to conduct an SLR or gain knowledge of EBSE. A student
summarized the benefits of the course in the following way: ‘Becoming aware of a

systematic method, i.e., one that includes steps and procedures that were reviewed by

experts in order to search and synthesize material that can answer questions.’

Three students considered that, after the course, they were better prepared
for their professional practice. One student stated the following as a benefit of the
course: ‘I gained the ability to quickly assess and absorb studies of all kinds, search

and find scientific data that I am already using in other courses and at work.’

Lastly, another three students reported that they had acquired a useful tool
to conduct more reliable research after the course. For example, they considered
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using it for their capstone project. One of these students added: ‘It is eventually

beneficial for a change in technology in the professional practice, though I believe most

local companies in the industry don’t consider this methodology important (yet).’

7.4 Course Assessment by Teachers

From the teachers’ point of view, the course met its objectives: the students were
able to understand the fundamental concepts of EBSE and participate in a limited
SLR. Even so, we noticed that in some cases their performance in practice was
superior to their theoretical learning. Perhaps this is due to the course’s strong
emphasis on practical activities or the di�culties reported when using the book.
In general, it was di�cult for students to understand primary studies. Most of the
students had no experience in reading scientific articles or knowledge of empirical
research methods in software engineering. Although the course has LOs that allow
them to be introduced to scientific reading, we do not have any on empirical
software engineering, something that can be added in future courses. In addition,
we believe it is useful to carry out an initial survey to find out more about the
knowledge that students have before starting the course.

We believe it is necessary to improve communication with students in the
following two points. First, in the first class we must explain better how the course
works, including how the evaluation is carried out and the score assigned to each
activity. Secondly, some students complained that we sometimes gave di↵erent
answers to their questions about the practical assignment. We believe that this is
due to the fact that there is no single criterion to address the challenges that may
arise when applying EBSE and furthermore, students are more used to CS courses
where single or standard solutions are more common. This situation could be
improved by explaining that both teachers will answer their doubts and questions
from their own perspective and that some of their answers could be di↵erent since
there are no perfect solutions.

Some topics were di�cult for students to understand: mapping studies, preda-
tory publications, and knowledge translation. Regarding the first one, we could try
to present and discuss during class the analysis carried out by one of the groups.
Seeing and discussing an example of how to perform the classification of papers and
their presentation could help them better understand that topic. On the other two
topics, perhaps including practical exercises could contribute to increased learning.

Regarding the practical assignment, we should provide more guidance to the
students when they make their topic choice, so they do not select a topic completely
unknown to them. This should make it easier for them to read and understand
the primary studies. We might also consider giving the students advice on what to
read first such as overview papers published in the IEEE and ACM magazines and
existing systematic reviews on their SLR topic. Even if excluded from the SLR
they can give students useful insights into the topic.

Other minor changes could be made: using a tool to facilitate communica-
tion through forums (e.g., Slack), checking that students read the textbook, and
submitting the final report on Moodle.
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8 Discussion

In this section, we include an additional discussion about the results obtained and
their possible meaning in relation to the previous work.

Overall evaluation of our course. Our case study results suggest that our
EBSE teaching proposal is suitable for preparing students with more than 3 years
CS/SE training at university level to participate in the undertaking of secondary
studies. Although the students did not execute a complete SLR during the course,
they showed that they had acquired skills to perform the di↵erent activities of
the process. Their performance in the assigned practical work (see Figure 4) and
their opinion on the achievement of objectives (see Figure 3) are quite similar and
give an account of the acquired skills. However, the evaluation of the individual
tests (see Figure 5) shows only a minor acquisition of EBSE theoretical elements.
This result seems to be in accordance with two aspects of our proposal. Firstly,
the course approach is more practical than theoretical and mainly seeks to train
students in SLRs activities. On the other hand, the students responded to the
survey before knowing the grade of their final individual exam. This might have
made their opinion on the achievement of the most theoretical objectives somewhat
optimistic. This result might also indicate that students may need more time or
instruments to reflect and assimilate the theoretical foundations that support the
activities carried out.

The proposed LOs a basis for future agreements. We believe that the
proposed LOs are suitable for training future participants in the undertaking of
secondary studies. The LOs were prepared using the reference book by Kitchenham
et al. (2015), previous EBSE training initiatives, and our experience conducting
and using secondary studies. This set of LOs is far from being a result of consensus,
as the core competencies in EBP for health professionals proposed by Albarqouni
et al. (2018) actually are. Despite this, we hope that, together with their rigorous
elaboration and validation, they will contribute to further discussions about EBSE
training as a facilitator for its adoption.

About teaching methods. The teaching method used —based on high practi-
cal workload and an alternating introduction of theoretical and practical content—
seems quite adequate. Unlike most previous studies that included a brief theoret-
ical introduction and then a practical assignment based on the execution of a
secondary study (see 2.4), our course is based on a weekly theoretical-practical
advance. This approach allowed detailed monitoring of the progress of each team.
Some of which had to perform iterations at some stages of their review. It is
noteworthy that the choice of the SLR theme by the students was motivating for
many of them, although it demanded an additional e↵ort from the teachers as-
sociated with understanding and following the di↵erent topics chosen. Although
the students were motivated to choose a topic or problem that could arise in their
professional practice, it was not explicitly intended that they seek for relevant
problems in the industry. However, the teachers found the topics quite close to
professional practice.

About teaching materials. All students had di�culties following the text-
book. It is extremely likely that the fact the book is available in English and not
the students’ mother tongue had an influence in its perception as half the teams
stated that using bibliography in English was somewhat di�cult. This might also
be due to the fact that, as it is an EBSE reference book, it contains highly technical
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language and advanced content, thus not making it an appropriate introductory
book to novices. More research is needed to study the challenges students face in
using the book. Also, it may be possible that the text by Kitchenham et al. (2015)
is too focused on obtaining evidence and not su�ciently concerned with using
evidence for decision making. This could also be a barrier to its use by industry
practitioners.

The challenge of learning about SLRs. Half of the students found under-
taking an SLR di�cult. In this regard, and like Rainer and Beecham (2008), we
believe it is a very challenging activity and we also suspect that practitioners
may find themselves in a similar situation. We believe that our methodology, and
mainly the fact of limiting the workload in di↵erent stages of the process, gave the
students su�cient time to execute the SLR. Even so, teachers sometimes had to
help students manage their frustration. For some topics, such as data synthesis,
we believe that it is necessary to find new teaching strategies and tools that allow
a better understanding of the process.

EBSE Training issues and recommendations. After the first experience of
running our course, we agree with most of the reported issues in previous EBSE
training initiatives (see 2.5): conducting a secondary study requires substantial
e↵ort; students can do secondary studies; an iterative teaching approach with the
help of teachers can help students; students may find learning secondary studies as
a team project very valuable; and that the focus and scope of the research questions
must address topic areas where there is a su�cient level of research. However, we
found no evidence that the search for articles was di�cult for the students; in fact,
according to the opinion survey, it was the stage that the students found the least
di�cult. This could be partly explained by the advances made in search engines
and digital libraries.

EBSE Training benefits. There seems to be a certain degree of consensus
among students on the fact that training allowed them to obtain a di↵erent per-
spective (see 7.3); some see that the acquired skills can help them in their profes-
sional life in general, although others only see a certain benefit for their academic
life. Despite their opinions, it is di�cult to assess what actual benefits the stu-
dents obtained from the course. It would be necessary to wait some time and have
other instruments to evaluate, for example, if the course helped them to improve
their critical thinking or if they are more reflective when searching and consulting
scientific literature. In this regard, a few months after completing the course, two
students contacted one of the teachers to tell him that they were doing a limited
SLR to address the state of the art of their capstone project. Their project aimed
to use sensor tools and software to help patients with the freezing of gait (FOG)
in Parkinson’s disease. The students themselves decided to conduct this review
on similar previous initiatives and were already making decisions on the design of
their solution based on the evidence found. This can be taken as a positive con-
tribution of EBSE training. From the results of the case study and the experience
of these two former students, we could agree with Aglen (2016) that training in
EBP seems to contribute to developing information literacy skills, i.e., the ability
to identify the need for information, how to find it, and use it (Brettle and Raynor,
2013).

On the motivation to teach EBSE. In one of the first EBSE-teaching reports,
when reflecting on whether EBSE should be taught, Jørgensen et al. (2005) said:
‘We cannot claim that we have demonstrated that teaching EBSE has a significant
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positive e↵ect on real-world software development work (though it is our hope that it

does)’. Much research has been done since then in both EBSE teaching and in EBP
teaching in general. Currently, several authors and results of systematic reviews
support two statements: the importance of the evidence-based approach in support
of professional practice and in the knowledge transfer from academia to industry;
and the use of EBP training as a facilitator of its adoption. These statements
could account for the positive e↵ect of teaching EBP, and specifically EBSE, in
professional practice.

Training as a facilitator to EBSE adoption. We acknowledge that changing
industry practice is a di↵erent problem than teaching students good practice.
However, it is not possible for practitioners to adopt techniques that they do not
know. In addition, one issue with respect to EBSE adoption is the extent to which
the individual software engineers have control over the techniques and methods
they use for software development. This is possible in small start-up companies
but not usually for new graduates working in companies with established quality
assurance and development practices. However, software engineering methods still
change as technology changes, so even in established companies, the ability to
identify information about new methods and tools may be useful.

EBSE training in industrial settings. We believe that the evidence-based
approach can be very beneficial for the software industry but it needs di↵usion
both in academic and industrial settings. It is also important to consider advances
and initiatives already carried out in other areas. A very interesting study is the
one carried out by Vachon et al. (2010) in which a workshop on EBP for practi-
tioners (occupational therapists) was carried out. These authors used (with good
results) reflective learning, including critical incident analysis and journal writing,
to empower attendees in the use of EBP in their professional practice. The use of
these techniques, along with short workshops, could be an alternative to explore
when training software engineering practitioners. Also using a di↵erent or broader
perspective could help in the training-adoption relationship of EBP, for example,
Beidas and Kendall (2010) use a systems-contextual approach to study the ef-
fects of training not only taking into account the students but also examining the
quality of the training, organizational support, and other additional variables.

9 Threats to validity

The work reported in this article has some limitations. First, since our case study
can also be viewed as a type of field study, it has the limitations of this type of study
(according to the categorization and analysis of Stol and Fitzgerald (2018)): results
that could be strongly linked to the context and may not be generalizable, there
may be no control of events and low precision in measurements. These limitations
can be improved by using other strategies in subsequent complementary studies.
There are also threats to validity in the review of related work submitted in 2.7.2
and in the authors’ participation in the case study presented in 6.5. We discuss
other limitations relevant to our specific study below.

We carried out only one EBSE course, which limited data collection. Moreover,
we had a small sample size since we only had ten students. We hope that the
qualitative results of this study serve as input for more generalizable reflections
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and future studies. Meanwhile, we are repeating the course and collecting data for
future analysis.

The course was not compulsory and students were encouraged to participate in
a survey and a focus group by receiving a bonus. There is some risk that the course
has been taken only by students who like research in SE and EBSE. At the moment,
we cannot mitigate this risk by making the course mandatory, although in future
versions it will be possible to better characterize the students. To minimize the
risk of students not being honest in the survey or focus group, teachers explained
their purpose and the importance of giving accurate and honest answers. We also
confirmed that all the information would be treated as confidential and individual
anonymity in any external research reports would be maintained. We also made it
clear that students were allowed to leave the final course session at any time with
or without completing the surveys or participanting in the group session and that
leaving the session would have no impact on their course mark.

Another specific limitation related to volunteer participation is the possibility
of cooperative student behavior. Rosnow and Rosenthal (1997) refer to this behav-
ior as the ‘good subject e↵ect’. According to them, voluntary participants tend to
be motivated and willing to support the goals of the study in which they agreed
to participate. In our study, this behavior might explain the discrepancy between
the results of the written tests and the results of the subjective assessment

The learning assessments could include the bias of the course teachers. This
type of bias was reduced by defining assessments based on LOs, using previously-
defined qualification criteria, and with both teachers correcting all assessments.

The reference material of the course is not available in the students’ mother
tongue. Thus, we reduced the risk that students did not understand it by includ-
ing activities and materials, such as slides and an introductory EBSE report, in
Spanish.

Finally, another limitation that our course has is the strong emphasis on SLRs
rather than EBSE. The practical assignment consisted of conducting the steps of
an SLR and, in fact, the tests did not evaluate any of the EBSE LOs (LO05 to
LO10). Consequently, our students may be better prepared to aggregate studies
and obtain evidence than to identify problems that can be addressed with EBSE
and use already aggregated evidence. We discuss this issue further in Section 10.

10 Conclusions and Future work

The work reported in this article includes the following novel aspects: a systematic
review of previous EBSE training initiatives, a LOs proposal for EBSE teaching,
the development of a course based on those LOs that incorporates a large practical
content related to undertaking an SLR, and the course’s assessment taking into
account the students and teachers’ perspectives. The LOs include a guide as to
which EBSE concepts and skills are needed to train future users and, although
debatable, they form a basis for future research initiatives.

The evidence collected from the students’ opinions, the learning assessment,
and teachers’ opinion suggests the LOs and the teaching methodology enabled
students to understand EBSE and to apply it through the execution of the steps
of the SLR process. The evidence also shows that, in agreement with the majority
of the previous research, a teaching approach with a strong practical workload
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gives good results. We used an iterative teaching method with each theoretical
class being followed by a practice session using the introduced topic. It was used
only once among the primary studies in our SLR (Lavallée et al., 2014), but our
results confirm it to be both beneficial for, and liked by, students.

Future work should consider how to improve EBSE teaching at university level.
For example, students found data synthesis di�cult (this arose both in percep-
tion of achievement and di�culty by students, and in the teachers’ evaluation),
which implies that training on this topic needs to be improved. Improved training
could include teaching students how to tabulate their results before trying the-
matic analysis. It is often not clear whether thematic analysis is viable without a
good overview of the primary studies. Additionally, in order to improve knowledge
translation learning, which was another topic found di�cult by students, learning
outcomes related to more practical aspects should be included. As a concrete way
to approach that, students could be asked to elaborate the results of their practical
assignment through a one-page summary as suggested by Cartaxo et al. (2016)
and Budgen et al. (2020).

Our course needs a greater emphasis on EBSE and not so much on the SLR
process. This would improve both the learning of topics such as use of evidence and
knowledge translation, and the students’ perception of the usefulness of evidence-
based practice. As a way to achieve this it could be interesting:

1 To include the paper by Kasoju et al. (2013) in the reading list for the EBSE
training.

2 To test knowledge of EBSE (i.e. LO5 to LO10) in one (or both) of the written
examinations.

3 To consider both of the two final EBSE steps at the end of the course covering
issues such as what types of contextual information a↵ect the use of knowledge
(i.e. company size, experience of sta↵, type of applications etc.) and reflections
on how the EBSE process worked, and what this means in practice.

4 To set up an assignment based on some scenario such as starting up a new
company and deciding whether to use test-driven development or conventional
testing, then asking students to find one or more SLRs on the topic and identify
what decision they might make and why.

However, some issues require more EBSE research-based in an industry con-
text. For example, few students believed the course prepared them better for their
professional practice, and many students found knowledge translation di�cult to
understand. Without input from industrial case studies or reports from industry
practitioners, it is di�cult to improve training on these topics.

Future courses should be assessed in order to obtain perspectives from a wider
range of students and teachers. If some of the improvements presented in the
previous paragraphs were carried out, detailed evaluations should be added to
determine their impact.

Another future line of work is EBSE training in the industry, something that
was not been addressed in any of our SLR primary studies. Although adaptations of
the content, methods, and materials of our course could be used, it is also necessary
to include more emphasis on EBSE and the use of evidence by practitioners, as
we discuss above.
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I Complementary Information on the SLR

For the purpose of increasing traceability and reproducibility, this section includes additional
information on the systematic literature review on EBSE and SLR training presented in Section
2.

A Search Strings by Search engines

Table 11 shows the search strings used in the di↵erent search engines, which were adapted
from the original string presented in Table 1.

Search Engine Search String

SCOPUS TITLE-ABS-KEY((teach OR learn OR education OR train OR students)
AND (“evidence-based software engineering” OR “evidence based” OR
ebse OR “systematic literature review” OR “systematic review” OR “lit-
erature review” OR slr OR “systematic mapping” OR “mapping study”
OR “scoping study” OR SMS) AND (“software engineering”))

ACM DL (acmdlTitle:(teach learn education train students) AND
acmdlTitle:(“evidence-based software engineering” “evidence based”
ebse “systematic literature review” “systematic review” “literature
review” slr “systematic mapping” “mapping study” “scoping study” SMS
) AND acmdlTitle:(“software engineering”)) OR (recordAbstract:(teach
learn education train students) AND recordAbstract:(“evidence-based
software engineering” “evidence based” ebse “systematic literature
review” “systematic review” “literature review” slr “systematic mapping”
“mapping study” “scoping study” SMS) AND recordAbstract:(“software
engineering”))

IEEExplore ((teach OR learn OR education OR train OR students) AND (“evidence-
based software engineering” OR “evidence based” OR ebse OR “system-
atic literature review” OR “systematic review” OR “literature review” OR
slr OR “systematic mapping” OR “mapping study” OR “scoping study”
OR SMS) AND (“software engineering”))

Table 11 Adapted search strings

B Papers Obtained by each Search

Table 12 presents the studies obtained from each search carried out. The identifiers of the
studies are those previously presented in Table 3.

Search Total Papers selected

2017 10 S3, S4, S5, S6, S7, S9(2009), S10(2008, 2009), S11,
S14

2018 0 -
2019 2 S8, S12
Snowballing & search by authors 4 S1, S2, S9(2008), S13

Table 12 Papers by search
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C Categorization Scheme and Quality Assessment

The categorization scheme included:

� Main motivation: EBSE/SLR process issues (e.g. analysis of EBSE execution -reproducibility,
e↵ort required, etc.- or proposals for new variants to the EBSE process) / teaching
EBSE/SLR (e.g. EBSE teaching proposals and their results) / attitudes to EBSE/SLR
(e.g. research on whether practitioners perceive EBSE useful or what stages they find most
challenging to execute)

� Summary of aims of the study
� Number of student participants
� Student type: Undergraduate / MSc / PhD / Under and postgraduate / Not stated
� Program area: Computer Science / Another field (not CS) / CS and another field / Not

stated
� Course focus: Integrated modules (i.e. modules that cover a variety of topics) / Empirical

SE / EBSE or SLR / SE / Research methods / Individual projects (i.e. individual work
of medium and broad-scope) / Software architecture / Experimental SE

� Scope of the study (i.e. type of student practical assignment): SLR limited / SLR / Map-
ping Study / Other scope / Not stated

� Educational methodology: Brief introduction (1 to 3 classes) plus practical assignment
/ Longer lessons plus practical assignment / Alternating introduction of concepts and
practice / Not stated

� Type of lessons: Lectures / Lectures and tutorials / Tutorials / Not stated
� Type of training

– Number of classroom hours
– Number of extra hours required of participants
– Proportion of total training time dedicated to practical work
– Elapsed time
– Participation criteria: Mandatory / Optional / Not stated

� Evaluation process used
– Written Tests: Yes/No
– Teacher evaluation of EBSE or SLR outcomes: Yes/No
– Student questionnaire: Yes / No
– Student reports (i.e. reports that describe the experience of students during their

participation in the practical assignment of the course): Individual / Team / Individual
and Team / No

– Not stated: Yes / No
� EBSE/SLR training problems and di�culties
� EBSR/SLR training benefits
� Study limitations

We extracted the data independently using an extraction form, created in Google spread-
sheets, and tested previously with some articles. In a subsequent meeting, we reached an
agreement for each item of data. Each conflict was discussed and an agreement was reached.

Textual data was extracted by Pizard. To validate the extraction Moreno and Pizard
performed a lean peer review as recommended by Garousi and Felderer (2017). This type of
review involves selecting a random set of papers and reviewing them interactively by asking
questions, while the other researcher explains the extraction. We reviewed half of the papers
randomly using this method.

As the primary studies were of di↵erent types, for the quality assessment we used the
same questions as Kitchenham and Brereton (2013). This set of generic questions, originally
used by Dyb̊a and Dingsøyr (2008), can be applied to di↵erent types of studies. Pizard and
Moreno extracted the quality data of each primary study independently. In a meeting, the
disagreements were resolved. Quality extraction was done in parallel to data extraction. The
set of questions was: (questions 3 through 12 admit the following answers: Yes / Partly / No
/ Not applicable. Score as 1, 0.5, 0. Interpolation is permitted for numerical values).

1 Is the paper based on research (or is it a discussion paper based on expert opinion)? Yes
/ No.

2 What research method was used: Experiment, Quasi-Experiment, Lessons learned, Case
study, Opinion Survey, Other (specify)? Note: This is to be based on paper reading, not
the method claimed by the authors.
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3 Is there a clear statement of the aims of the study?
4 Is there an adequate description of the context in which the research or observation was

carried out?
5 Was the research method appropriate to address the aims of the research?
6 Was the recruitment strategy (for human-based experiments and quasi-experiments) or

experimental material or context (for Lessons learned) appropriate to the aims of the
research?

7 For empirical studies (apart from Lessons learned), was there a control group or baseline
with which to evaluate SLR procedures/techniques?

8 For empirical studies (apart from Lessons learned), was the data collected in a way that
addressed the research issue?

9 For empirical studies (apart from Lessons learned), was the data analysis su�ciently rig-
orous?

10 Has the relationship between researcher and participants been considered to an adequate
degree?

11 Is there a clear statement of findings?
12 Is the study of value for research or practice?

To study the reliability of the initial agreement in the quality assessment, and again in
a similar way to the study of Kitchenham and Brereton (2013), Pizard calculated the Kappa
coe�cient for Question 2 and the Pearson correlation coe�cient between the values for each
reviewer both for the number of relevant questions and for the average quality score for each
study.

D Reliability of Data Extraction and Quality Assessment

The extraction agreement with respect to the categories assigned by each author was evaluated
using Kappa statistic (see Table 13).

Disagreement on Educational methodology was due to the fact that reviewers had di↵erent
criteria during the individual extraction. This happened only for papers that reported courses
of a di↵erent focus than EBSE, for example, Empirical Software Engineering. In these cases,
for example, if a paper reported many classes but only one on EBSE, one author classified it
as a ‘brief introduction’ while the other as ‘longer lessons’. At the meeting, reviewers agreed
to use only the information on EBSE teaching to classify the studies.

The zero values of Kappa in the Written tests and Not stated categories of Process eval-
uation are due to the fact that the Kappa is a↵ected by the prevalence of the findings under
consideration and strongly depends on the marginal distributions (Viera and Garrett, 2005;
Feinstein and Cicchetti, 1990). In both cases, the number of observed agreements and the
number of agreements expected by chance coincide in 13 of 14 classified studies.

During the final agreement meeting the following categories were added: ‘seminars’ for
type of lessons (to classify study S10); ‘postgraduate’ for student type (to classify studies S1
and S2), and ‘EBSE steps’ for scope of the study (to classify studies S12, S13, and S14).

Regarding quality assessment, the initial agreement for question 2 about the type of study
was 11 out of 14 studies with a Kappa coe�cient of 0.659. The major disagreements were due
to the fact that one author classified two studies as case studies when they should have been
classified as opinion surveys using the Kitchenham and Brereton criteria (they correspond to
case studies based only on opinion surveys).

The Pearson correlation between the number of questions each of us believed to be relevant
was 0.73 with p=.003. We believe this level of disagreement in the number of questions is related
to the level of disagreement in the classification of article types. In many cases, we considered
the type of study when identifying the relevant questions. Reliability was better for the average
scores for each study, where the correlation was 0.96 with p<0.00001. Both were statistically
significant (p < 0.05).

II Learning Objectives Theory and Practice

In 1991, the Learning paradigm emerged in California (Mulder, 2019). It was a shift from iden-
tification with processes to identification with results or outcomes. Under this approach, edu-
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Data extracted Categories
Agreement (out
of 14 assessed)

Kappa

Main motivation EBSE or SLR process issues / teach-
ing EBSE or SLR / attitudes to
EBSE or SLR

11 0.650

Student type Undergraduate / MSc / PhD / Under
and posgraduate / Not stated

13 0.890

Program field Computer Science / Another field
(not CS) / CS and another field /
Not stated

12 0.810

Course focus Integrated modules / Empirical SE /
EBSE or SLR / SE / Research meth-
ods / Individual projects / Software
architecture / Experimental SE

11 0.736

Scope of the study (i.e.
type of practical assign-
ment)

SLR limited / SLR / Mapping Study
/ Other scope / Not stated

11 0.722

Educational methodology Brief introduction (1 to 3 classes)
plus practical assignment / Longer
lessons plus practical assignment /
Alternating introduction of concepts
and practice / Not stated

7 0.246

Type of lessons Lectures / Lectures and tutorials /
Tutorials / Not stated

12 0.774

Evaluation process used -
Written Tests

Yes / No 13 0.000

Evaluation process used
- Teacher evaluation of
EBSE or SLR outcomes

Yes / No 11 0.588

Evaluation process used -
Student questionnaire

Yes / No 13 0.859

Evaluation process used -
Student reports

Individual / Team / Individual and
Team / No

11 0.700

Evaluation process used -
Not stated

Yes / No 13 0.000

Table 13 Initial agreement in the categorization of studies

cational institutions must focus their mission on student learning instead of teaching. Learning
outcomes represent, or maybe catalyze, the learning paradigm (Schoepp, 2019). They can be
used to evaluate the e↵ectiveness of the teaching initiatives instead of measuring the resources
or processes (Boggs, 1999).

LOs are statements that express what students are expected to know, understand, and/or
be able to demonstrate at the end of the learning period (Kennedy et al., 2007). An example
of LO for software design is: ‘describe a form of refactoring and discuss when it may be
applicable’ (Joint Task Force on Computing Curricula - ACM and IEEE Computer Society,
2013). LOs can be seen as basic educational building blocks because of their impact on other
educative tools (Adam, 2004). They can be used to identify learning achievements but, if well
designed, can also encourage alignment between learning, teaching, or educational activities
and evaluation (Biggs, 2011). Its use motivates curricula development with more content-based
practices since to use LOs it is necessary to specify the expected results before designing a
course.

LOs’ adoption has received strong international support and its defenders find it has sev-
eral advantages (Kennedy et al., 2007). Furthermore, some authors consider its adoption as
an international de facto standard (Schoepp, 2019). By focusing on the student, this approach
promotes the idea of teachers as facilitators of the learning process and also recognizes that
much of it occurs outside the classroom (Adam, 2004). The use of LOs helps teachers to:
communicate to students precisely what is expected of them, design materials more e↵ectively,
select the most appropriate learning strategies for each objective, and help to develop assess-
ments based on delivered materials (Kennedy et al., 2007). Students often have less anxiety
because they have a clear direction, they know the priorities of their instruction, and they can
perceive that the grading process is fair (Barkley and Major, 2016). The adoption of LOs also
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contributes to objectives’ transparency and their compatibility with standards, the consistency
between courses and educational programs, and the mobility of students between educational
institutions by facilitating the recognition of their qualifications (Adam, 2004).

In philosophical terms, the main objection to the adoption of LOs may be that they
do not facilitate an open-ended approach to academic study (Adam, 2004). Another risk is
the oversimplification of the learning process (Havnes and Prøitz, 2016). This happens, for
example, by simplifying the concepts to model programs with LOs too quickly or by carrying
out the LO writing process too mechanically. Many authors agree that the adoption of this
approach takes considerable e↵ort and time.

One of the main success factors in LOs’ adoption is their correct written specification
(Kennedy et al., 2007). To achieve this, there are various guides and recommendations. All of
them agree on the importance of the verb used in each LO. In this regard, Adelman (2015) says
‘the verb is the center, fulcrum, engine of a learning outcome statement’. Di↵erent studies have
been carried out to propose and evaluate verbs to be used. Most of the initiatives are based on
Bloom’s taxonomy as it provides a structure and a list of verbs. It is also recommended that
LOs have a single verb and are simple and concrete, observable, and measurable (Kennedy
et al., 2007).

Each LO can be associated with one of Bloom’s levels of cognitive domain (Bloom, 1956).
The cognitive domain has six levels whose description is as follows:

1 Knowledge. The student can remember or recognize information, concepts, and ideas on a
subject.

2 Comprehension. The student can comprehend, interpret, organize, and relate the general
idea of a topic.

3 Application. The student can use what they have learned to solve a new problem or
situation.

4 Analysis. The student can examine information on a topic, identify causes and infer in
order to substantiate generalizations.

5 Synthesis. The student can find new patterns or combine information to create new pro-
posals.

6 Evaluation. The student can evaluate and validate ideas and make an assessment on a
topic.

An appropriate design of LOs together with their categorization according to Bloom’s
levels allow teachers to better select content, teaching methodology, teaching resources, and
assessment tools for their courses. In particular, they are very useful for guiding the design of
proposals focused on learning, which aim to make student learning more e↵ective (Kennedy
et al., 2007).

Recently, several authors have promoted the use of LOs for the design and teaching of
courses related to software engineering (Joint Task Force on Computing Curricula - ACM and
IEEE Computer Society, 2013; Britto and Usman, 2015) and to empirical software engineering
(Juristo, 2007). In practice, between 2000 and 2014, 26 studies were conducted on the appli-
cation of Bloom’s taxonomy in areas of software engineering education (Britto and Usman,
2015). None of them reported applications related to EBSE or SLR training.

III Student Opinion Survey Form on the EBSE Course

This section presents the survey form used to collect students opinions and described in section
6.1.

A Regarding your Experience and Previous Knowledge

1 If you have a job, indicate the role you occupy:
2 Indicate your level of experience in the following areas (1 = None, 5 = Expert)

– Software Engineering Area
– Requirements Engineering
– Software Design
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– Software Construction
– Software Testing
– Software Maintenance
– Configuration Management
– Project Management
– Software Process
– Software Quality

– Other areas
– On the topic of your SLR
– Reading Comprehension in English
– On scientific articles and, in particular, on the area of software engineering or on

the topic of your SLR (primary studies)
– About Software Engineering Based on Evidence or Systematic Reviews of Liter-

ature (secondary studies)

B About the Course

Indicate your level of agreement with the following statements about the course and about
teamwork (1 = Strongly disagree, 5 = Strongly agree).

1 The spaces for consultations (face-to-face and/or virtual) are useful.
2 Recommended study materials are useful.
3 It is possible to access the recommended study materials.
4 The course’s Moodle website is useful.
5 There is coordination between theoretical and practical classes.
6 Attending class favors the understanding of course topics.
7 The evaluation criteria of the subject were clearly explained.
8 The evaluation process (mid-terms, submissions, etc.) could be carried out with the knowl-

edge developed during the course.
9 The evaluation proposals made were clear and unambiguous.

10 The evaluation process focused on the understanding of the subject.
11 Overall opinion on the course.
12 The techniques provided to develop the practices are clear and unambiguous.
13 There is integration between the theoretical classes and teamwork.
14 Teamwork allows us to integrate knowledge of di↵erent subjects.
15 The topics developed in teamwork are linked to the professional life of an engineer.
16 The time available for the performance of each practice is adequate.
17 The evaluation process (submissions, presentations, mid-terms, etc.) could be carried out

with the knowledge developed during the course.
18 Overall opinion on teamwork.

C Learning Outcomes of the Course

Below are the learning outcomes (LOs) proposed by the teachers for the course. They are orga-
nized according to each thematic unit worked. We ask you to indicate the level of achievement
that you believe you had in each LO during the course. To complete this section you must
work individually and you can consult the course materials.

The scale corresponds to: 1. Not achieved at all — 2. Very little achieved — 3. Successfully
achieved — 4. Almost completely achieved — 5. Completely achieved

– In the original form, all the learning outcomes presented in Table 9 are listed here.

Below is a space available for comments on learning outcomes not achieved.

D Regarding Teamwork and the Benefits of the Course

1 Indicates the level of di�culty of the di↵erent stages of an SLR (1 = very easy, 5 = very
di�cult).



Training students in evidence-based software engineering and systematic reviews 47

– SLR planning
– Search for primary studies
– Study Selection
– Study quality evaluation
– Data extraction from studies
– Mapping studies analysis
– Qualitative synthesis
– Report of a systematic review
– Overall di�culty of the entire SLR

2 Indicate according to your criteria what are the main benefits of the course.

E Questions to Answer as a Team

1 Indicate how it influenced your work to have chosen your subject (motivation, di�culty,
etc.).

2 Indicate how it influenced your work that the bibliography was written in English (1. Very
negatively — 2. It was something that caused some di�culty — 3. It did not influence —
4. It was something that caused some benefit — 5. Very positively).

3 Indicate which were the two biggest challenges or di�culties you had to face during team-
work and how you overcome them.

4 Indicate what comments you can make about the reviewed primary studies (for example,
about quality, completeness, complexity, terminology, etc.).

5 Indicate whether the results of its SLR seem useful, if not explain why.

IV Case Study Additional Data

This section includes additional data collected in the case study described in this paper.

A Student Opinion Survey - Individual Sections

Part B. General questions about the course

– Figure 7 presents the results of the survey on students’ opinions about the course and
teamwork.

Part C - 55. Comments on LOs achievement perceptions

– I think the topic of knowledge translation wasn’t enough for our understanding.
– I would’ve liked one of the classes to have included a guest that strongly or partially applies

EBSE in their professional practice.
– The objectives of the course are satisfactorily achieved. I believe that with the practice

and execution of another SRL we would cement our knowledge and see in which case each
concept applies.

Part D - 2. Benefits of the course
A pragmatic vision

– Becoming aware of a systematic method, i.e., one that includes steps and procedures
that were reviewed by experts in order to search and synthesize material that can answer
questions.

– I gained knowledge about evidence-based engineering, procedures, and scientific papers.
– I learned how a scientific article is composed and how to do an SRL in IS.
– I learned how to perform a complete SRL, became aware of each step, when to apply what

type of review, and also which templates or forms to use.

To improve professional practice
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Fig. 7 Opinion survey on general
aspects of the course and teamwork.

– I learned a lot about literature in our profession, how to look for it, where to find it, the
format it should have. Before the course, I had no knowledge of the area. I believe that
the methodology taught can be applied to each report that I have to deliver to someone
else.

– I learned a new tool that can be used to compare practices, techniques, and processes in
software engineering.

– I gained the ability to quickly assess and absorb studies of all kinds, search and find
scientific data that I am already using in other courses and at work.

To improve research skills

– The main contribution is for academic training. It’s a great help for doing the capstone
projects required to complete our degree. It is eventually beneficial for a change in technol-
ogy in professional practice, though I believe most local companies in the industry don’t
consider this methodology important (yet).

– Mainly, I believe it helps to carry out an investigation and to be based on scientific and
truthful evidence. It will be useful for the capstone project.

– Now I have the necessary tools to carry out research on a topic related to software engi-
neering

B Student Opinion Survey - Team Section (E)

Question 1 - SLR topic selection by students

– It reduces the di�culty since a familiar theme is selected and/or known by the members.
It is motivating since a topic of interest is chosen [by us] and not imposed by others.

– Although it was interesting, we didn’t take into account the di�culty and complexity of
the subject. However, the choice of topic provides motivation. It would be good if [the
teachers] could warn about the complexity and di�culty.

– It had a great influence since, in the professional practice, [the subject of our project] is
being used in a great way, thus strengthening the knowledge that already exists in this
regard.

– We were motivated because it is a subject that we could see at work. On the di�culty of
not having too much experience on the subject, it was a limitation.

Question 1 - SLR topic selection by students

– Regarding the bibliography being in English, two teams indicated that it was something
that caused them some di�culty (2) and two teams indicated that it had no influence (3).
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Question 3 - Biggest challenges during teamwork

– 1) The selection stage was di�cult as we had some di�culties in reaching the number
of items to select. Some [papers] were discarded in advanced stages that led to redoing
previous steps. 2) Data extraction and quality assessment. Both due to our lack of practice
in applying these methods.

– 1) The complexity of the subject. 2) Performing the synthesis was one of the most complex
tasks.

– 1) The teachers seemed not to agree on the suggestions they made. On some occasions, it
was necessary to carry out a rework due to their di↵erent opinions. This was even noticed
in the evaluation of the SLR, whereby it is concluded that the problem was not overcome.
2) [We found it di�cult to] reach conclusions about the synthesis carried out, data crossing,
how it a↵ected quality. There were a few examples, it was necessary to read other reviews
and discuss possible options in the team.

– 1) Synthesis was the most complex [part] since the primary studies were very di↵erent, we
solved it by doing the whole synthesis together. 2) Many of the studies selected by title
and abstract did not pass the second stage (full text) and we had to process new studies.

Question 4 - Comments on reviewed primary studies

– We had expected to obtain articles on tools that are better known to us and in none of
the cases did the analyzed tools coincide. We would have expected more studies on tools.

– Some [papers] required expert knowledge in certain areas.
– One problem encountered was [the di�culty of] being able to understand/find the proposed

methodologies and algorithms in the articles, since they were not explicitly mentioned.
– Many [papers] didn’t comply with basic quality aspects, didn’t evaluate the models pre-

sented (metrics) and it happened to us that we discarded some due to their complexity.

Question 5 - Usefulness of SLR results

– We believe that yes, it provided us with the knowledge that some members have already
used in practice.

– We believe that useful recommendations were obtained in the SLR, but it should be taken
into account that few articles were analyzed.

– The SLR results allowed us to have a general idea about the topics related to the chosen
topics, and to see what is on the market and in what context they are applied.

– Due to time constraints, we processed 10 articles (out of 1700 found) this means that it is
not very valid outside the context of the course.

C Focus Groups Teachers’ Notes

After filling out the course survey, students were asked to discuss among themselves what
improvements or changes could be made to the course. The following ideas emerged from one
or more students:

1 More students per team in order to be able to process more articles.
2 Selection of topics for practical work by teachers in order to minimize the number of articles

and be able to follow the stages more easily.
3 The previous discussion continued and students reported that choosing the practical as-

signment topic was very motivating. But perhaps it would be good to recommend students
to choose topics that they already know something about, in order to avoid upcoming dif-
ficulties

4 The weekly meetings worked well. The modality of the course seems good to them.
5 Some students indicate that it would be good for teachers to promote the reading of the

technical report on the subject in Spanish because they think it was useful, but they read
it too late in the course.

6 It’s proposed (4 out of 11 students raise their hands when asking for confirmation) to
include reading controls and to make it mandatory to read the book chapters before
classes. The proponent argues that he read chapters just before the individual assessment
and they would have helped him much earlier. This reading control could be done on the
Moodle platform before or during the class on the subject to be evaluated.

7 There is a discussion about the use of the book and the students conclude that it was
di�cult for them to follow and somewhat boring.



50 Sebastián Pizard et al.

8 Teachers are asked to indicate the homework on the Moodle platform earlier and not too
near the dates of the next meetings, something that happened a couple of times.

9 Students say it would be nice to have a forum with more participation, although it is not
clear what it would be for.

10 The individual test seemed somewhat ambiguous to some of them, perhaps something
more concrete would have been better. Apparently they didn’t like question 1 very much.

11 They agree with the distribution of the course score, with 50% for practical assignments.
12 Students recommend that teachers post previous tests (in the coming years) or at least

indicate the format that the evaluation will have.
13 A team states that they had to re-run previous steps in their assignments due to a dis-

agreement between teachers when they asked us questions on di↵erent occasions.
14 Students also recommend improving the dissemination of the call to enroll in the course.
15 They also indicate that they find it better to submit the practical assignments on Moodle.
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