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Investigating Evidence-based Software
Engineering Training and Adoption

Sebastián Pizard

Directores de Tesis
Dr. Barbara Kitchenham. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Keele University
Dr. Diego Vallespir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Universidad de la República

Tribunal
Dr. Carolyn Seaman (Revisor) . . . . . . . . . University of Maryland Baltimore County
Dr. Dag Sjøberg (Revisor) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . University of Oslo
Dr. Daniel Calegari. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Universidad de la República
Dr. Guilherme Horta Travassos . . . . . . . . . . . Universidade Federal do Rio de Janeiro
Msc. Omar Viera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Universidad de la República

Director Académico
Dr. Diego Vallespir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Universidad de la República

PEDECIBA Informática
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Abstract

Background: Evidence-based software engineering (EBSE) could bridge the gap between
academia and industry by bringing together academic rigor and research of practical relevan-
ce. However, while Systematic Reviews (SRs) were initially introduced to support EBSE, their
widespread adoption by researchers contrasts with the limited evidence about EBSE adoption
in non-academic contexts. Moreover, the importance of training for embracing evidence-based
practice has been recognized in other fields, yet remains relatively understudied within EBSE.

Objective: This research aims to investigate how the concepts of EBSE and SRs should
be taught to future software engineering (SE) practitioners and to assess EBSE’s role in
supporting industry practice.

Methodology: The first objective was addressed by reviewing EBSE teaching studies, pro-
posing an EBSE course, conducting an empirical evaluation of the course’s effectiveness, and
assessing its impact on the trainees’ working practices. The second objective was approached
by examining attitudes toward EBSE among members of a government agency and conduc-
ting an EBSE-focused project aimed at solving practical issues within a software company.
This project allowed us to assess the outcomes of Rapid Reviews (RRs) —a streamlined form
of SRs— in supporting SE practices and to evaluate the EBSE framework efficacy. Given its
exploratory nature, the research is grounded on qualitative methods.

Results: Our course, that formalizes EBSE teaching through a set of learning outcomes, re-
ceived favorable evaluations and demonstrated a beneficial impact on student work practices.
Government agency staff acknowledged the utility of EBSE, while practitioners without SE
research experience found RR results valuable and reliable than other sources. Nonetheless,
using EBSE necessitated a combination of professional and research skills, and limitations in
SE evidence required formulating broader research questions and tailoring results to actio-
nable recommendations.

Conclusion: This thesis underscores the value of EBSE in fostering collaboration between
academia, industry, and government stakeholders. It delineates strategies for teaching and
adopting EBSE, while also highlighting challenges that required attention in its application.

Keywords: Evidence-based Software Engineering, Training, Rapid Reviews, Government
Agencies, Industry–Academia Collaboration, Qualitative Research.
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Chapter 1

Introduction

This section introduces the motivation, objectives, and contributions of this thesis.

1.1. Motivation
Software engineering (SE) is an engineering field that focuses on every element of soft-

ware development, starting from the initial phases of defining the system requirements to
supporting the system once it’s operational [108]. As in any discipline, knowledge in SE is
mainly supported by evidence, defined by the Oxford Dictionary as “the available body of
facts or information indicating whether a belief or proposition is true or valid.” Evidence
can take various forms, such as anecdotal evidence (based solely on personal observation,
gathered informally and non-systematically) or scientific evidence1 (generated through the
use of hypotheses and investigated using the scientific method). Although all forms of eviden-
ce contribute to knowledge and are used in decision-making, scientific evidence is generally
considered more reliable due to its rigorous methods aimed at minimizing bias [95]. The gro-
wing emphasis on evidence-based decision-making across various fields [70] suggests that the
use of scientific evidence may be an indicator of a field’s maturity.

In SE, research involves the application of scientific principles, techniques, and methodo-
logies to improve the understanding, development, and maintenance of software systems. The
ultimate goal of SE research is to advance the field and provide practical insights and solu-
tions to the challenges faced by software developers and organizations in creating high-quality
software systems.

SE research is complex [7,39,88,111]. This is due to the diverse subject areas it covers, the
constantly evolving technology landscape, the interdisciplinary nature requiring knowledge
from multiple fields, the complexity of modern software systems, practical constraints like
limited access to real-world projects, and the need to balance theoretical advancements with
practical applicability in software development.

To address this complexity, empirical research, based on observation and experimentation,
has been employed since the 1960s [34]. In brief, SE empirical research involves the collection
and analysis of data from real-world software projects, experiments, surveys, case studies,
and other empirical methods.

In the last decades, the use of empirical studies in software engineering research has
seen significant growth. For example, a comparison between the IEEE/ACM International

1Analogous to the approach of Kitchenham et al. [54], this thesis focuses on considering scientific evidence.
Therefore, unless stated otherwise, any reference to ´evidence’ pertains to findings derived from scientific
research.
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Conference on Software Engineering (the most relevant SE conference) in 2002 and 2016
reveals a notable increase in the reporting of empirical studies and the utilization of empirical
models [113]. In 2002, no papers reporting empirical studies were accepted, whereas, in 2016,
this category comprised 30% of the accepted papers. Empirical studies are now an integral
part of the majority of papers published in prominent software engineering venues [112].

The importance of aggregating knowledge from the growing numbers of empirical stu-
dies has become increasingly significant in gaining a deeper understanding of SE [34]. As
highlighted by Shull et al. [106], no individual empirical study can be deemed definitive or
applicable to all contexts. In light of this need to aggregate evidence from research, evidence-
based software engineering (EBSE) was introduced as an adaptation from the health field
in 2004 by Kitchenham et al. [56]. EBSE emphasizes the use of evidence from research to
inform decision-making, improve practices, and advance knowledge in the field of software
engineering. It involves systematically gathering, analyzing, and applying relevant research
findings and empirical data to address software engineering challenges and make informed
decisions.

Systematic reviews (SRs) were introduced as a means to support EBSE. In various fields,
evidence obtained from SRs is considered the most reliable and is used to inform state policies,
regulations, and professional practice decisions. This is because SRs provide a summary of
relevant scientific evidence that has been subject to critical assessment and provides an
overall evaluation of the strength of the evidence. A notable example is in medicine, where
evidence-based practice is widely recognized as successful [33].

In practice, adopting EBSE, that is, at a very high level, aggregating scientific results,
interpreting them, and applying them in professional practice occurs through the interaction
of various stakeholders, within different social processes (e.g., including the interpretation
and discussion of evidence by professional networks and communities of practice) [35]. The
complexity of these processes and the importance of considering different stakeholders were
highlighted in the first EBSE paper, which indicated that it could only be addressed with
“extensive collaboration and long-term commitment” among the various stakeholders of our
field [56]. This collaboration should encourage the different types of stakeholders to contribute
based on their talents and experience. For instance, researchers are better suited to conduct
SRs and interpret the evidence collected, while industry and government practitioners may
have a clearer understanding of the evidence needs that should motivate SRs and how to
integrate their results into professional practice and policy making. Therefore, the degree of
each individual’s participation in the adoption of EBSE depends on their profile but always
seeks to incorporate the best available research evidence into decision-making.

So far, we have more knowledge of EBSE adoption by researchers, who have conducted
a vast number of SRs. To illustrate, Kamei et al. identified 446 SRs published solely in the
top SE journals and conferences before 2019 [48]. Meanwhile, we know very little about the
adoption by other types of stakeholders, especially regarding the incorporation of evidence
into decision-making or policy development. The EBSE and SR book published a decade
after its introduction [54] reported a solitary study on the practical application of EBSE [50].
This suggests that the central goal of EBSE is not being fully realized.

Recent research has been conducted to propose and evaluate mechanisms for transferring
knowledge from SRs to SE practice, using rapid reviews (RRs) (i.e., expedited SRs designed
to promptly provide research evidence) and evidence briefings (i.e., a succinct one-page do-
cument that summarizes relevant research findings) [21, 23]. However, our understanding of
the extent to which EBSE has been adopted beyond academic circles is limited, and there is
a need to explore ways to improve its adoption in practical settings. There is still a need to
investigate what role, if any, EBSE should have in supporting non-academic stakeholders.

2



1.2. Objectives

1.2. Objectives
The goal of my research program is to explore how to train future software engineering

practitioners in EBSE and SRs and to evaluate the role of EBSE in supporting both the needs
of practitioners and the needs of other non-academic stakeholders. To achieve this goal, the
research was divided into three specific objectives:

1. Investigate how to train future SE practitioners in EBSE and SRs. Lack of
adequate training is one of the main barriers to evidence-based practice in other dis-
ciplines [96, 104, 115, 118]. Therefore, the specific objective referred to this area is to
investigate how to provide adequate EBSE training to future SE practitioners. Further-
more, an additional objective is the evaluation of potential effects of this training on
the work practices of trainees.

2. Evaluate the role of EBSE in supporting government agencies. Government
agencies are key players in the adoption of evidence-based practice (see, for exam-
ple, [1]). The lack of studies that report the use or consideration of EBSE by government
agencies or regulatory bodies indicates room for research. Thus, the specific objecti-
ve in this area is to investigate whether EBSE could be considered for adoption by
government agencies (e.g., by commissioning SRs or using existing SRs to inform the
development of IT-related policies and regulations).

3. Evaluate the role of EBSE in supporting software industry practitioners.
Until this thesis, very few SRs conducted in collaboration with the industry were known.
In fact, my colleagues and I only knew two such reviews [21, 50]. Currently, several
published SRs are practice-driven, taking various forms such as RRs or full SRs (see,
for example, [12, 65, 109]). All these collaborative SRs seem to occur together with
practitioners with knowledge in SE research or with experience in the topic investigated.
Furthermore, while SRs are valuable in supporting EBSE, the scope of EBSE goes
beyond mere evidence search and synthesis. It encompasses tasks such as formulating
evidence-based questions, applying evidence within specific contexts while considering
stakeholder input, and evaluating the overall use and effectiveness of such evidence.
Considering this, the latter part of my research aimed to enhance the comprehension
of EBSE applications in industry settings (i.e., the use of evidence from secondary
studies to inform decision-making in professional practice). Specifically, this comprises:
(1) evaluating the broader value of the EBSE framework within an industry application,
and given the recent trend to employ RRs in collaborative academic-industry endeavors,
(2) assessing the efficacy of RRs in supporting SE practice of industry practitioners.

1.3. Methods and Context
Considering my limited prior knowledge and experience in the three areas described above,

the research strategy heavily relied on existing work in the field of SE when applicable,
or on prior evidence-based practice (EBP) research in other fields. An exploratory research
approach was predominantly employed, with a focus on qualitative methods. The achievement
of the specific objectives was pursued through five empirical studies conducted in diverse
settings (henceforth S1, S2, S3, S4, and S5).

Firstly, to investigate how EBSE and SRs could be taught to future SE practitioners the
following activities were carried out: (1) Reviewing previous publications on EBSE teaching.
(2) Proposing an undergraduate EBSE course that can lay the groundwork for future agree-
ments. (3) Conducting an empirical evaluation of the course’s effectiveness. (4) Assessing

3
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the impact of EBSE training on the work practices of the trainees. This research on EBSE
training was undertaken at the Faculty of Engineering of the Universidad de la República. In
this context, I proposed an EBSE course for undergraduate students in the Computer Science
curriculum and, along with other instructors, delivered it on several occasions. The SR of
EBSE teaching reports, the proposal for an EBSE and SRs course, and its first empirical
evaluation were reported in the study S1 (introduced in Chapter 3 and detailed in the first
part of Appendix A). Meanwhile, the evaluation of three consecutive courses as well as an
investigation of the effects of EBSE training on former students’ work practices is presented
in study S2 (introduced in Chapter 3 and detailed in the second part of Appendix A).

Secondly, I sought to explore whether EBSE could be considered for adoption by go-
vernment agencies by studying the attitudes towards EBSE among members of a particular
government agency and assessing the effects of learning about EBSE on their subsequent
work practices. For this, I partnered with the Agency for the Development of Electronic
Government and Information Society and Knowledge (AGESIC, by its Spanish acronym)
of Uruguay to introduce EBSE to the agency’s staff members and examine their attitudes
towards EBSE. This research is reported in study S3 (introduced in Chapter 3 and detailed
in Appendix B).

Thirdly, to improve the understanding of EBSE applications in industry settings I led an
EBSE-based project to address a practical problem of a software company. This involved co-
llaborating with practitioners to diagnose the problem, conducting an RR to gather evidence,
and subsequently disseminating the findings to the company. I used this project to (1) repli-
cate the original study of RRs in SE [21] and assess their utility in supporting SE practices
in an industry setting (introduced in Chapter 3 and detailed in the first part of Appendix
C) and (2) evaluate the value of the broader EBSE framework, identifying benefits, barriers
and enablers (introduced in Chapter 3 and detailed in the second part of the Appendix C).

1.4. Main Contributions
The contributions of this thesis are related to the study of the adoption of EBSE from the

perspectives of its training, its use in government agencies, and its application in industry
settings. These contributions can be summarized in the following points:

Publication of an evidence-informed and validated EBSE and SR course suitable for
Computer Science students, which is freely available in both English and Spanish.

Providing evidence that an EBSE and SR related course can be of benefit to students
in their subsequent careers.

Reporting on the introduction of EBSE in an IT-related government agency, which
confirmed its value for government agencies and regulatory bodies and also provided
insights into the benefits of, and barriers to, its adoption.

Offering an analysis of the RRs reported in SE and presenting evidence that RRs can
support SE industry practice, even when the practitioners utilizing the evidence lack
prior experience in SE research.

Presenting a comprehensive evaluation of the EBSE steps in an industry application,
identifying issues, barriers, and facilitators that arose during the process.

4
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1.5. Publications
Part of the research and its results have been validated by several peer-reviewed publi-

cations. In particular, two articles have been published in international journals indexed in
ISI-JCR and another article has been accepted and presented at the main software enginee-
ring conference. Below is a summary of the publications related to this thesis.

The S1 study, which reports the SR of EBSE training reports, the proposal for an EBSE
course and SRs for undergraduates, and the conducted case study for its evaluation,
has been published as “Pizard, S., Acerenza, F., Otegui, X., Moreno, S., Vallespir, D.,
Kitchenham, B. 2021. Training students in evidence-based software engineering and
systematic reviews: a systematic review and empirical study. Empir Software Eng 26,
50.” [81]. The article, as published in the Empirical Software Engineering Journal, is
presented in Appendix A.

The S2 study, which sought to validate the effectiveness of our training and assess the
impact of EBSE training on trainees’ attitudes and behaviors, particularly in their work
practices across various time periods, was published as “Pizard, S., Vallespir. D., and
Kitchenham, B.. 2022. A longitudinal case study on the effects of an evidence-based
software engineering training. In ACM/IEEE International Conference on Software
Engineering: Software Engineering Education and Training (ICSE-SEET). Pittsburgh,
PA, USA.” [86]. The article, as published in the International Conference on Software
Engineering, is presented in Appendix A.

The S3 study, which aimed to explore the attitudes of stakeholders within a govern-
ment agency (GA) towards evidence-based software engineering (EBSE) and evaluate
the influence of EBSE knowledge on their work practices, was published as “Pizard,
S., Acerenza, F., Vallespir, D., Kitchenham, B., 2023. Assessing attitudes towards
evidence-based software engineering in a government agency, Information and Soft-
ware Technology, 154” [83]. The article, as published in the Information and Software
Technology Journal, is presented in Appendix B.

The S4 study, which reports a systematic review of published SE RRs and the repli-
cation of the original study proposing RRs for SE (i.e., [21]), has been accepted for
publication in the Empirical Software Engineering journal. The preprint is available
at [85].

Additionally, another article has been submitted to software engineering journal and is
currently under review.

The S5 study, which includes a report on the evaluation of the broader EBSE frame-
work, identifying its benefits, barriers, and enablers, has been submitted to the IEEE
Transactions on Software Engineering and is under review. The preprint is available
at [87].

1.6. Other Outcomes & Dissemination Activities
I made available the updated materials of our EBSE and SRs course both English and
Spanish, which can be openly accessed and used [82].

I recorded a talk for the 2022 Uruguayan Software Engineering Program (IS.Uy) online
channel presenting two EBSE application cases conducted in Uruguay [79].

5
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Together with Juliana Herbert, I gave a talk at the 2018 Uruguayan Software Engi-
neering Sessions (Jornadas de Ingenieŕıa de Software del Uruguay) on EBSE and its
application to improve agile practices in software development [84].

I led a small group of researchers in the preparation of a technical report to bring the
main concepts of EBSE and SRs closer to Spanish-speaking readers [80].

1.7. Authorship Statement
The papers included in this thesis are the result of collaborative work among researchers.

All co-authors have reviewed and approved the final versions of these papers. The contribution
of each author is described in detail within the report of each study, as required in empirical
qualitative research. However, I provide a brief summary of my contribution below.

Study S1: I participated in the conduct of the SR on EBSE training. Subsequently,
I developed the learning objectives and designed the EBSE course for undergraduate
students. I was one of the teachers of the EBSE courses taught in 2017, 2018 and 2019.
I led the data analysis and wrote the first version of the report.

Study S2: Together with the other co-authors, I designed and distributed a question-
naire to evaluate the impact of EBSE knowledge on former students of the 2017-2019
courses. I was primarily responsible for the data analysis and report.

Study S3: To prepare the work with AGESIC, I planned and conducted a rapid review
on the adoption of evidence-based practice in other fields. I designed and conducted
a workshop to disseminate EBSE at AGESIC and also led the focus group to gather
participants’ opinions. Subsequently, I participated in the elaboration of a questionnaire
to evaluate the impact of EBSE knowledge on the participants. I led the data analysis
and reporting of the study.

Study S4: As the first author, I led the project team in collaboration with a local
company. I led the data collection and analysis. To study related work, I participated
in the conduct of a mapping study of previous SE research using RR. I wrote the draft
of the report.

Study S5: As the first author, I proposed the idea for the empirical study. I conducted
the preliminary data analysis. To assess the state of practice-driven adoption of EBSE,
I reviewed and analyzed a subset of SE SRs. I wrote the first version of the report.

1.8. Document Structure
As stated above, the thesis is organized as a compilation of studies, with some already

published. It consists of two main parts. The first part provides a comprehensive overview,
presenting the background, research objectives, methods employed, a summary of the con-
ducted studies within the broader strategy, and a general conclusion. The three appendices
contain detailed information about the compiled studies included in this thesis.

Below is a brief overview of each chapter.

Chapter 1 introduces the work done in this thesis. It presents the motivation, the
objectives of the research, and the structure of this document.

6



1.8. Document Structure

Chapter 2 gives an overview of evidence-based software engineering. It describes its
foundations, its role in software engineering research, and some known insights into its
adoption status.

Chapter 3 presents a summary of the research conducted in this thesis. It provides
an overview of the studies included, outlining their objectives, methods employed, and
key findings and reflections.

Chapter 4 includes a general discussion of the studies of this thesis.

Chapter 5 includes final remarks and establishes lines of future research.

Appendix 1 presents the studies carried out to investigate the training in EBSE and
SRs. It encompasses an SR of teaching reports on EBSE and SRs, a comprehensive
description of our proposed course for EBSE and SRs, including an evaluation of its
adequacy. Furthermore, it includes a study on the impact of training on the work
practices of former students.

Appendix 2 presents the study conducted to assess the possibility of adopting EBSE
within government agencies. The study took place in a Uruguayan government agency
and involved introducing EBSE, conducting a focus group to explore the initial attitudes
of participants, and subsequently circulating a survey to understand the changes in their
work practices after being exposed to EBSE concepts.

Appendix 3 presents the research carried out to evaluate the application of EBSE
in an industry setting. It presents two studies conducted within the context of an
EBSE-based project aimed at resolving an industry problem. Firstly, it provides an
in-depth examination of the RR conducted during the project, including collaboration
with practitioners and their feedback. As related work its include an analysis of the
RRs reported in SE. Secondly, it offers an evaluation of the broader application of the
EBSE framework, encompassing each of the EBSE steps.

7





Chapter 2

Background

This chapter introduces two relevant areas that underpin this thesis. Firstly, Section
2.1 presents key aspects of evidence-based software engineering and its adoption. Secondly,
Section 2.2 provides a brief description of the most significant methodological approaches
and lessons learned from applying them.

2.1. Evidence-based Software Engineering
This section provides an overview of the motivation behind introducing evidence-based

software engineering (EBSE), its key characteristics, and a brief discussion of its adoption by
researchers and other stakeholders.

2.1.1. Motivation
Software engineering (SE) stands out from other engineering disciplines due to its uni-

que characteristics [8]. It involves creative development processes rather than manufacturing,
with each software product being a creation rather than a replication. Software’s intangibility
poses challenges in understanding its structure and processes, requiring learning from diverse
situations and abstract thinking. Developing models for future use requires additional resour-
ces and, without explicit support, quality improvements in the development process may not
occur.

In the early days of SE research, the predominant focus was on theoretical models and fra-
meworks for software development [13]. However, as software systems became more complex
and larger in scale, for some researchers it became evident that understanding and improving
SE practices required a more empirical approach [34]. Empirical refers to a methodology or
approach that relies on observation, experimentation, or data collection to gain knowled-
ge and draw conclusions. It emphasizes the use of evidence from real-world observation or
experiences as the basis for understanding and analyzing a subject or phenomenon.

Although many believe that SE is still governed by folklore that has been accepted as
facts [13], empirical research is now widely adopted by researchers and has confirmed or re-
futed part of the previous knowledge. As pointed out by Méndez Fernéndez et al. [69], one
example is grounded in the well-known essay by Dijkstra titled “Go To Statement Consi-
dered Harmful”from 1968 [30]. This essay sparked a public exchange among scholars who
published notes expressing their views on the topic. However, this debate relied primarily on
argument-based reasoning and remained within the scholarly community. In 2015, almost 50
years later, Nagappan et al. conducted a large-scale study analyzing C code from GitHub
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repositories [72]. Their study concluded that the practical use of goto statements does not
appear to be harmful, providing evidence from research to support their findings. However,
this does not imply that Dijkstra was wrong about coding problems in the 1960’s. It is possi-
ble that Dijkstra’s article influenced programming practices in the subsequent years, leading
programmers to use goto statements less frequently and more carefully. Nonetheless, evidence
from research has allowed us to conclude that there is now no systematic problem with the
use of the goto command.

Although the first empirical studies on SE date back to the 1970s, it was in the mid-1990s
that there was a growing trend in its use [8, 54]. By this time, some researchers began to
consider how to find, select, and aggregate the results of various empirical studies to obtain
evidence that could be used to improve practice. This was prompted by various concerns,
e.g. the difficulty or inadequacy of applying results from a single empirical study due to its
specific context or limitations, or the bias in the selection of studies in classic reviews.

2.1.2. Evidence-based Software Engineering & Systematic Reviews
In 2004, Kitchenham et al. introduced the concept of evidence-based practice from the

healthcare field to SE. [56]. Evidence-based software engineering (EBSE) was proposed to
improve decision-making related to software development and maintenance by integrating
the best current evidence from research with practical experience and human values.

The five steps of EBSE are the following.

1. Converting the need for information into an answerable question.

2. Finding the best evidence with which to answer that question.

3. Appraising evidence validity, impact, and applicability.

4. Integrating the appraised evidence with expertise and stakeholders’ values and circums-
tances.

5. Evaluating effectiveness and efficiency in executing previous steps and seeking ways to
improve.

Medical researchers recommend using systematic reviews to support evidence-based prac-
tice, whether by utilizing existing systematic reviews or by applying the systematic review
method to aggregate information from individual empirical studies. Systematic reviews (SRs)
are a form of secondary study that aggregate evidence from primary studies, including con-
trolled experiments, case studies, and surveys, among others. SRs provide a rigorous and
transparent approach to searching and synthesizing the existing research evidence on a par-
ticular topic or research question. SRs allow to collect and synthesize evidence from different
sources. They are the core tool of the evidence-based approach, as they usually support steps
1-4 of the EBSE process. The key feature that distinguishes them from traditional (or clas-
sical) narrative reviews is their explicit attempt to minimize the chances of reaching wrong
conclusions, which may result from the bias in the primary studies or in the review process
itself [32]. To achieve this, a protocol must be established with all the activities to be carried
out and criteria to be used specified prior to the conduct of the SR. Figure 2.1 summarizes
the stages of an SR.

The stages of conducting an SR in SE typically include [55]:

1By Centre for Health Communication and Participation La Trobe University, Australasian Cochrane
Centre [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia Commons
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Figure 2.1: Process of a systematic literature review1.

1. Formulating Research Questions: Clearly define the research questions or objectives
that the SR aims to address.

2. Planning and Protocol Development: Develop a detailed plan and protocol for the
SR. This includes defining the inclusion and exclusion criteria for selecting studies,
determining the search strategy, specifying the data extraction process, and outlining
the synthesis and analysis techniques.

3. Literature Search: Conduct a comprehensive search to identify relevant studies. This
may include automatic searching across multiple databases, such as IEEE Xplore, ACM
Digital Library, Scopus, and others, manual searching in one or more journals or con-
ferences, or a combination of both.

4. Study Selection: Apply the predefined inclusion and exclusion criteria to screen the
retrieved studies. This could include a multi-stage selection procedure. Typically inclu-
ding, first, screening of titles and abstracts to eliminate irrelevant studies and, second,
conducting a full-text review of the remaining studies to determine their eligibility for
inclusion in the SR.

5. Data Extraction: Extract relevant information from the selected studies, such as study
characteristics, research methods, software engineering topics, and key findings. This
process involves designing data extraction forms and ensuring consistency in data ex-
traction across the included studies.

6. Quality Assessment: Evaluate the quality and validity of the included studies. This step
may involve using specific assessment criteria or tools to assess the methodological rigor
and relevance of each study.

11
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7. Data Synthesis and Analysis: Analyze and synthesize the extracted data from the in-
cluded studies. This can be done using various techniques, such as qualitative analysis,
quantitative meta-analysis, or mixed-methods approaches, depending on the nature of
the research questions and the available primary studies.

8. Reporting and Dissemination: Document the entire SR process, including the search
strategy, study selection process, data extraction forms, analysis techniques, and fin-
dings. Write a comprehensive report and establish mechanisms to transfer knowledge to
practice. Additionally, following established guidelines can help ensure a high-quality
SR report [57].

These stages can be iterative, and adjustments might be necessary based on the outcomes
of each stage.

This report of the stages of the SR process and their descriptions are based on earlier SE
guidelines [54,55], and were the foundation of the research in this thesis.

However, the SE guidelines for reporting secondary studies (SEGRESS) [57], published
this year, can be considered as the latest iteration of guidance for the SR process. The SE-
GRESS guidelines introduce several changes aligned with the evolving standards of evidence-
based practice (EBP) and SRs in medicine. Two important modifications refer to certainty
assessment in SRs, a concept initially introduced to SE by Dyb̊a and Dingsøyr [32]. These
changes involve: (1) adopting the terminology “Risk of Bias” in place of “Quality assess-
ment”, and (2) emphasizing the evaluation of the “Certainty of evidence”, which relates to
a set of studies rather than individual primary studies. This is particularly relevant for large
SRs that encompass multiple findings, each of which may rely on a distinct set of individual
studies. These changes appear highly pertinent for enhancing the maturity of SRs in SE.
They also underscore the need to consider current medical terminology and changes to the
medical SR process. It is both reasonable and essential to monitor changes in SRs proposed
in the health field, where EBP is more developed, and integrate significant ones into the SE
community to improve our research and practice.

Systematic reviews can be classified into the following different categories, which seek to
answer different types of questions (descriptions of the first three were adapted from [18]).

1. Mapping studies. They seek to answer questions such as “What studies have investi-
gated...?”. These reviews not only seek to identify relevant studies but also offer some
level of analysis, often categorizing the studies (e.g., by types of research methods, par-
ticipant demographics, and other relevant criteria). Mapping studies provide a valuable
overview of a particular subject area and can assist in determining gaps in research on
which further work can be done.

2. Qualitative Systematic Reviews. Its primary purpose is to gather and synthesize
data from studies that examine the advantages, disadvantages, and stakeholder pers-
pectives concerning the utilization of SE technologies. Furthermore, it aims to prioritize
the most critical issues identified in these studies. This type of review often involves
the aggregation of findings derived from thematic analyses of case studies and/or in-
dustry opinion surveys. Consequently, it can provide valuable guidance on matters to
contemplate when embracing new technologies, including the identification of potential
obstacles.

3. Quantitative Systematic Reviews. As the name suggests, these reviews aggrega-
te quantitative findings, often presented as statistical data. Whenever possible, they
employ statistical techniques like meta-analysis to provide numerical information. For
instance, a quantitative SR may yield outcomes such as a ranking of various techniques
based on their effectiveness.

12



2.1. Evidence-based Software Engineering

4. Rapid Reviews. They are designed to expedite the traditional SR process by sim-
plifying or eliminating certain steps, enabling the efficient generation of evidence with
limited resources [41]. Some key characteristics of RRs in SE, slightly adapted from [21],
are: timely results and reduced costs, collaboration with practitioners, and appropriate
dissemination of its results.

Although SRs support EBSE, they are not synonymous [9]. As stated above, EBSE en-
compasses more than just the process of searching for and synthesizing evidence. To recap, it
involves: (1) Transforming practical problems into well-formulated questions that can be ad-
dressed using evidence, (2) applying the evidence derived from SRs while taking into account
the specific context, preferences, and expertise of stakeholders, and (3) evaluating both the
utilization of evidence and the overall performance of the EBSE process itself.

2.1.3. Adoption of SRs and EBSE

Ever since the introduction of EBSE and SRs in 2004, researchers have extensively embra-
ced SRs as a valuable tool for exploring and synthesizing research on numerous SE subjects.
It is estimated that in only the first ten years, over 200 systematic reviews have been pu-
blished [54]. More recently Kamei et al. identified 446 SRs published before 2019 only in the
top SE journals and conferences (i.e., a minimum h5-index of 20 for conferences and 25 for
journals) [48].

Several SRs yielded highly significant results that have influenced research to the point
of reshaping common understanding within the field. For example, in 2004, Jørgensen [44]
found no evidence that estimation models are better than experts’ estimation (a common
assumption at the time). They noted that there are situations in which models do not include
important information about the application domain that is actually considered by experts.

Within the comprehensive definition of its five steps, EBSE aims to enhance decision-
making processes in software development and maintenance by integrating the best available
research evidence, practical experience, and human values. This ambitious objective recog-
nizes the significant gap that often exists between research and practice. To bridge this gap,
EBSE promotes a stronger emphasis on methodological rigor while prioritizing the relevance
of research to practical applications [33]. Considering this, several authors suggest that EB-
SE has the potential to yield more practical outcomes and enhance collaboration between
academia and industry [29,62].

Thus far, there is a dearth of evidence showcasing the implementation and acceptance of
the broader framework of EBSE. Moreover, the lack of EBSE adoption has been acknowledged
by multiple authors [22,23,28,42,54]. Some of these authors have specifically pointed out that
the limited adoption could be attributed to SRs not adequately addressing practice-relevant
issues [23,101] or lacking practical recommendations for practitioners [28].

While these studies offer valuable insights, they primarily focus on examining SRs (or
RRs) and their characteristics rather than directly exploring the adoption of EBSE. It is
worth considering the significance of investigating barriers to evidence-based practice in other
domains. For instance, the role of appropriate training, potentially formalized like in the field
of medicine [3], emerges as a crucial factor [96, 104, 115, 118]. Additionally, Kitchenham et
al. suggest that the widespread implementation of EBSE necessitates interest and broad
collaboration from not only academics but also industry practitioners, government agencies,
and regulatory bodies [56]. Research that considers these factors can provide further insights
into facilitating EBSE adoption.
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2.2. Key Methodological Aspects and Takeaways
This thesis summarizes multiple studies, and each study includes a report of the adopted

research methodology. In this section, I discuss specific methodological aspects which influen-
ced much of my research program,specifically: the use of RRs and SRs as a research starting
point, the application of qualitative research methods, and my role in managing the research
teams.

2.2.1. Using RRs and SRs as Starting Points for Research Activities
Secondary studies (i.e., RRs or SRs) were used as the starting point of all the research

that is part of this thesis. In particular:

With Silvano Moreno we conducted an SR to gather previous experiences of teaching
EBSE and SRs. With Fernando Acerenza and Ximena Otegui we used the SR outputs to
design our EBSE and SRs course. For example, to choose suitable teaching methods or
considering the common challenges beforehand. Both SRs and the course are reported
in study S1 (reported in Appendix A).

I conducted an RR to better understand the adoption of EBP in other disciplines. In
particular, three aspects were analyzed: the perceived value of EBP, the main barriers
to the adoption of EBP, and the mechanisms to improve its adoption. Understanding
the challenges and facilitators of EBP supports our analysis and interpretation of the
results of our assessment study of attitudes toward EBSE in a government agency. Both
the RR and the study with the government agency are reported in study S3 (reported
in Appendix B).

In the research carried out to support a software company improving its knowledge
management practices, together with Joaqúın Lezama and Rodrigo Garćıa I conducted
an RR to gather information and approaches to support the company. This collabora-
tion with a software company served as the basis for two studies, as mentioned before,
one to study in greater detail the value of RRs and another to evaluate the application
of EBSE and all its steps, which are reported in S4 and S5 respectively (reported in
Appendix C).

Regarding the use of RRs and SRs to support research, my experience confirms that:

SRs and RRs are very useful as starting points for research activities. Their results
are useful especially when researchers do not have much knowledge or experience on
the subject. However, there is some inherent difficulty in reviewing studies from other
domains (knowledge of those disciplines is often required). As a way of addressing this
problem, S3 including the conduct of an RR of secondary studies in EBP adoption. This
strategy allowed for learning about the topic without the necessity of reading primary
studies from unfamiliar areas.

RRs are useful for providing relatively quick answers to specific problems (e.g., S3, and
S4-S5). However, researchers must evaluate whether they are an appropriate method
for their information needs and fully identify the limitations imposed by the decisions
made in their conduct.

Researchers can also use existing catalogs of SRs. Currently, in SE we do not have a
recognized catalog of secondary studies as happens, for example, in Medicine2. As a

2In healthcare, the Cochrane Database of Systematic Reviews (CDSR) is considered by its proponents to be
the foremost database for systematic reviews in the field. https://www.cochranelibrary.com/cdsr/about-cdsr
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Table 2.1: Several characteristics of Focus Group (FG) application in SE [60]

Research
Objectives

- Is a good method for gathering preliminary input on new concepts, crafting ques-
tionnaires, brainstorming ideas, identifying and ranking potential issues, receiving
input on the presentation of models, and uncovering underlying motivations.
- Not suitable for hypothesis testing, making conclusive decisions, gathering quan-
titative assessments, addressing sensitively charged topics, or examining complex
subjects that cannot be adequately explored in one session.

Planning The focus group sessions follow a predetermined schedule and structure, aiming to
cover a manageable number of topics (allowing participants sufficient time to unders-
tand the issues and engage in meaningful discussions and interactions). However,
the time constraint also limits the depth at which complex issues can be explored.

Participant
Selection

The effectiveness of this method depends significantly on the experience and insights
of its participants. Therefore, recruiting representative, perceptive, and motivated
individuals is paramount for the successful conduct of a FG study.

Conduct
and role
of the
moderator

The nature of discussion and interaction within a focus group session can vary
widely. It may involve structured discussions or employ brainstorming techniques
such as affinity grouping, teamwork methods, or even role-playing scenarios. Various
methods can be employed for data capture during the session, including additional
observers taking notes, audio or video recording, among others. The moderator’s
primary responsibility is to guide the discussion without imparting personal opinions
or biases.

Analysis
of data

It includes transcribing the recorded sessions if necessary, and then analyzing the
data using qualitative analysis methods (e.g., [14, 71])

useful approximation, we can use the lists of secondary studies surveyed in tertiary
studies (if they include the primary studies’ full list). Personally, two catalogs that I
find useful are:

• Kamei et al. [48] paper reports a tertiary study on the use of grey literature in SE,
in which the search strategy is open to all secondary studies in SE. The authors
identified 446 secondary studies published in reputable venues spanning from 2011
to 2018 (for a comprehensive list, see [49]).

• Budgen et al. [17] paper compiles 49 secondary studies featuring practical re-
commendations published through 2015. It offers concise summaries of each SR,
highlighting their topics and key findings. This resource is valuable for practitio-
ners seeking evidence from secondary studies on specific subjects and for educators
looking to introduce EBSE using relevant SR examples.

2.2.2. Emphasis on Qualitative Research Methods
The primary objectives of the research in this thesis are exploratory in nature. The main

focus has been the examination of attitudes and opinions within the SE community regarding
EBSE. Thus, the research methodology has primarily centered on qualitative methods. In
particular, I have employed the following methods:

Focus groups. Focus groups are meticulously organized meetings aimed at gathering
the viewpoints of participants regarding a specific topic or subject of interest [60]. Focus
groups typically comprise 3 to 12 participants and are led by a moderator who main-
tains focus during discussions. Participant selection is based on their specific attributes
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Table 2.2: Some characteristics of using Case Studies in SE [93,94]

Selection of
a Case

- The deliberate and intentional selection of the case and the units of analysis
(e.g., projects, individuals, groups) is essential.
- The case could be a specific software project, an organization’s software deve-
lopment process, or a unique software-related problem.
- This selection should align with the research objectives and questions.

Data Collec-
tion

- Various sources can be used, including interviews, surveys, documents, source
code, logs, and observations.
- Multiple data sources are often used to provide a comprehensive view of the
case.
- Data collection techniques cover various levels of engagement. First Degree (or
Direct Methods): Researchers directly engage with subjects in real time to collect
data using methods like interviews. Second Degree (or Indirect Methods): Resear-
chers collect raw data without direct interaction with subjects, such as making
observations through video recording. Third Degree (or Independent Analysis of
Work Artifacts): Researchers use pre-existing and often compiled data sources,
such as analyzing documents like failure reports.

Triangulation Refers to the use of multiple viewpoints to develop a comprehensive understan-
ding of phenomena. There are several forms such as: Using multiple data sources
(Data triangulation), utilizing more than one observer (Observer triangulation),
Combining diverse data collection methods (Methodological triangulation), and
Incorporating alternative theories (Theory triangulation).

Ethical Con-
cerns

Ethical considerations play a pivotal role in designing a case study in SE, where
sensitive, confidential information is often involved. Clear protocols must be es-
tablished upfront to address key ethical factors, including the following. Ensuring
that all parties involved are informed and provide voluntary consent to participa-
te in the study (Informed Consent). Safeguarding sensitive information, especially
within organizations (Confidentiality) and Responsible management and dissemi-
nation of sensitive findings or data.

Data Analy-
sis

Analysis methods may include qualitative techniques like thematic analysis or con-
tent analysis, as well as quantitative methods like statistical analysis, depending
on the research goals.

relevant to the session topic. This group dynamic fosters the exchange and elabora-
tion of ideas among participants, enhancing the depth and quality of the information
obtained. Table 2.1 presents some other important characteristics of Focus Groups in
SE.

Case studies. Runeson et al. define case studies in the following terms [94] “Case study
in SE is an empirical inquiry that draws on multiple sources of evidence to investigate
one instance (or a small number of instances) of a contemporary SE phenomenon within
its real-life context, especially when the boundary between phenomenon and context
cannot be clearly specified.” Table 2.2 describes other important characteristics of Case
Studies in SE.

Action Research. Action research aims to contribute to both the practical concerns of
practitioners in an immediate problematic situation and to the goals of researchers th-
rough ethical joint collaboration [90]. It involves the application of a process that inclu-
des diagnosing, planning, intervening, evaluating, and reflecting, allowing for iterations
to achieve results incrementally [31]. Table 2.3 describes other important characteristics

16



2.2. Key Methodological Aspects and Takeaways

Table 2.3: Several key attributes of Action Research [31,90]

Problem-
Centered

The primary focus of action research is addressing specific problems or challen-
ges within a particular context. It aims to bring about practical solutions and
positive change in real-world situations.

Context-
Specific

It is contextually grounded, meaning it is conducted within a specific environ-
ment or setting. The findings and interventions are tailored to the unique cha-
racteristics and needs of the particular situation.

Participatory It involves active participation of the researcher within the context of the study.
Researchers work collaboratively with stakeholders, such as practitioners or com-
munity members, to address issues and implement changes.

Collaborative
Inquiry

It emphasizes collaboration and shared inquiry. It often involves a collective effort
among researchers, practitioners, and other stakeholders to generate knowledge
and enhance understanding.

Reflective
Practice

Reflection is a key element of action research. Researchers continually reflect
on their actions, observations, and experiences to gain insights and refine their
approaches. This reflective practice is essential for the learning and improvement
process.

Flexible
Design

It is known for its flexible and adaptive design. Researchers can adjust their stra-
tegies based on ongoing observations and feedback, allowing for responsiveness
to changing circumstances.

Qualitative
and Quanti-
tative Data

It typically employs a combination of qualitative and quantitative data collec-
tion methods. This mixed-methods approach provides a comprehensive unders-
tanding of the research problem.

of Action Research in SE.

Participant observation. Is a qualitative research method commonly used in various
fields, including SE, to gain an in-depth understanding of human behavior and social
phenomena within a specific context. It involves the observer remaining in a social
situation for the purpose of scientific research [103]. It has the “unique strength of
describing complex aspects of cognition, social interaction, and culture over time” [58].
Table 2.4 highlights some other important aspects of this research method.

The main issues faced when using qualitative methods were the following:

1. Minimizing bias resulting from the personal viewpoints, preferences, and expectations
of researchers. To address this challenge, with my tutors we defined several activities. I
maintained a personal diary in which I documented issues and decisions. Transparency
was pursued by discussing intentions and research objectives with other researchers and
participants. Additionally, I sought guidance from recognized sources on each research
method or technique used, particularly adhering to guidelines for reporting qualitative
research.

2. Need for ethical treatment of human subjects. This involves taking care of several as-
pects. For example, treating participants and their opinions with appropriate respect,
informing them and being transparent about the research objectives and methods used,
informing them when collecting their data (e.g., indicating that a discussion will be re-
corded in audio), requesting their consent, and use mechanisms to anonymize sensitive
or confidential data. Two interesting resources on this topic have recently been pu-
blished: The ACM Publications Policy on Research Involving Human Participants and
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Table 2.4: Several key attributes of Participant Observation [4]

Research Ob-
jective

Good for studying social issues or behaviors that remain unclear or insufficiently
understood. Particularly relevant for capturing the direct perspectives of the in-
dividuals involved. The definition of the research objective is tied to the selection
of the setting in which the investigation will take place. This setting could en-
compass various contexts within SE, such as a specific project team, a software
company, or an open-source community.

Role of the
Researcher

The researcher becomes an active member of the group being studied and may
take on various roles, such as a developer, tester, project manager, or even an
observer.

Data Collec-
tion

Participant observation do not stand as a data collection method on its own;
instead, it represent the role an ethnographer assumes to facilitate the data
collection process. Data collection techniques can be categorized into three areas:
Observation (i.e., researchers perceiving and recording activities and interactions
of individuals in the field setting), Interviewing, and Archival Research (i.e.,
analyzing materials that have been preserved for research). Triangulation (a
technique explained above) is also used in this method.

Reliability,
validity, and
bias

Three critical aspects to consider are the following.
- Reliability hinges on the consistency and accuracy of data collection methods
and the ability to replicate observations consistently.
- Validity is a crucial factor in determining the authenticity and truthfulness
of research findings. It can be assessed through multiple means, including the
involvement of multiple observers to cross-verify findings.
- Bias Mitigation: Observer bias is a potential challenge in observational research,
but it can be mitigated through specific approaches. Observational research often
benefits from its natural and emergent nature, which reduces the risk of precon-
ceived biases. Combining observational research with other research techniques
can help triangulate findings and minimize the impact of any observer bias that
may exist.

Subjects 3 and a Checklist for reporting the process for obtaining informed consent,
achieving confidentiality and anonymity 4.

3. Organizing comprehensive, reliable data collection. This process entails the utilization
of one or more data collection techniques based on the nature of the study. In this
thesis, I employed self-administered questionnaires that included open and closed ques-
tions (S1-S2, S3, S4-S5), conducted focus group sessions (Study 3), recorded meetings
with participants and the research team, and gathered artifacts and communications
produced during the studies.

4. Data analysis. This involves organizing, synthesizing, and interpreting the data to ans-
wer the research questions. Several methods were used, although the most significant
was thematic analysis. Thematic analysis works by systematically examining qualitative
data to identify recurring themes or patterns within the content. Researchers start by
collecting or organizing data, then they code segments of the data, group related codes
into themes, refine and name those themes, and provide supporting evidence from the
data. The final step involves reporting the identified themes and offering insights into
the data’s meaning. [14].

3https://www.acm.org/publications/policies/research-involving-human-participants-and-subjects
4https://www.e-informatyka.pl/index.php/einformatica/volumes/volume-2022/issue-1/article-9/
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Throughout this research, various tools were employed to facilitate the analysis. Google
Spreadsheets supported several data analyses (S1-S2), but for more intricate qualitative
assessments, I turned to specialized software. In particular, saturateapp.com was used
for the analysis of some data from S1-S2 and for analyzing the focus group transcripts
(S3) and employed Atlas.ti5 for managing the extensive dataset in the participant-
observation study (S4-S5).

5. Reporting the analysis and its results in an appropriate manner (i.e., providing sufficient
information for the readers to know what was done at a level suitable for reproducibi-
lity, including the actions taken to avoid personal biases) and reporting in a way that
supports the interpretation of results (e.g., including quotes, summaries or snippets of
related discussions).

6. Identifying the limitations of qualitative studies. This process entails a critical exa-
mination of the research, with the aim of identifying and transparently reporting any
factors that could limit the results or their interpretations. It is particularly relevant
to reflect on the role of researchers and their backgrounds, as these factors can exert
significant influence on various aspects, most notably the analysis and interpretation
of the data.

Some lessons learned that I highlight from the use of qualitative methods are:

Working with human participants and companies requires flexibility. They will not
have the same objectives as the researchers. Although it is necessary to define how to
work with other stakeholders, in practice it will often be necessary to adapt to their
requirements and restrictions.

Whenever possible, plan for follow-up evaluations. In our research, it was useful to
ask participants who had little prior experience with EBSE whether they subsequently
found any of the concepts to be useful. It was also worth sending them a summary of
the results for validation or clarification (this technique is called member checking [11]).

In SE there is a lack of well-known standards for assessing the quality of qualitative stu-
dies. In this thesis, the most recognized guidelines for each research method or technique
were used (e.g., [59, 60, 93, 94]). When there were no guides or references in SE, guides
from other disciplines were considered. Of the latter I highlight the following resources:
Thematic Analysis [14], member checking as a tool for improving trustworthiness [11],
reporting qualitative research [77], qualitative research quality [109]. The last three
proved highly valuable, particularly in enhancing the quality of our reports. However,
the current page limits of journals and conferences in SE pose a challenge to reporting
qualitative studies with the rigor that these guidelines recommend.

I would note that qualitative research entails a steep learning curve. Assisting to The
International Advanced School on Empirical Software Engineering (IASESE) in 2019,
during which Carolyn Seaman delivered a session titled “Observation as a Data Co-
llection Technique for SE Research,” significantly contributed to improving my unders-
tanding of qualitative research.

Based on my experience, the tools that support qualitative analysis prove to be valua-
ble. However, it is important to keep in mind that these tools are meant to aid the
analysis and not substitute for it. They also come with varying learning curves and, in
most cases, involve license costs. In our particular situation, the ability to collaborate

5https://atlasti.com/
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among researchers was highly advantageous, as the versions of Google Spreadsheets
and Saturateapp.com used were web-based and supported multiple users.

Our engineering school lacks an ethics committee. Despite this, my colleagues and I
made explicit efforts to adhere to best practices recommended in the literature regarding
ethical issues. I acknowledge the importance of handling these concerns with care and
responsibility. In discussions with other teachers at our school, I have found that they
share similar opinions. I hope my research can help emphasize the importance of these
matters and even contribute to the establishment of an ethics committee.

Our experience highlights the value of employing focus groups in SE research. Howe-
ver, it is important to acknowledge certain peculiarities in their application in our field.
In contrast to marketing focus groups, where participants typically represent different
interest groups and are often unfamiliar with each other, SE researchers often have
less control over participants. In many SE focus groups, it is preferred that participants
either know each other or belong to specific groups, such as our focus group in a govern-
ment agency. Another distinction lies in the focus of marketing groups on immediate
reactions and opinions, considering questions like preferences for the ending of a film
or the sales promotion video most likely to generate interest in a new product. Unlike
marketing focus groups, SE focus groups may have an interest in their impact on par-
ticipants, necessitating follow-up activities. Initial papers on focus groups in SE tended
to be more exploratory, with little reflection on these differences [59, 60]. However, a
more recent study includes one FG evaluating participants’ perceptions of new method
applications [36]. One of the focus groups was part of a longer observational study on
the use of planning guidelines for simulation experiments. Despite the differences with
their application in the marketing field, my research confirms that focus groups can be
valuable in SE. In particular, integrating focus groups into larger studies offers certain
advantages. For instance, in our study with the government agency applying FG not
only provided a deeper understanding of participants’ initial opinions but also esta-
blished connections and mutual understanding. This, in turn, facilitated the effective
use of a follow-up questionnaire some months later.

In software engineering, assigning labels to qualitative studies can be challenging be-
cause many methods lack agreed-upon definitions, and sometimes multiple definitions
with varying scopes exist. Furthermore, different researchers may define these labels
differently. In my research, I also faced this challenge leading to the following observa-
tions:

• Participant observation seems to be one of the most recently adopted methods
(two notable studies are [58,105]), lacking specific guidelines and not being inclu-
ded in ACM SIGSOFT Empirical Standards for Software Engineering [89]. Given
the absence of clear definitions in SE and limited discussions on this method, one
might question whether participant observation is a form of case study. Personally,
I believe it is not, with the most significant distinction being that in participant
observation, the researcher is also subject of study. This unique aspect alters the
research design compared to a typical case study. For instance, participant obser-
vation involves collecting data that allows for a deep reflection on the role and
participation of the researcher, such as maintaining a research diary documenting
decisions, and also including in the report the researcher’s position on the studied
topic.

• Recently, Wohlin proposed a new definition of a case study [117], stipulating that
the researcher(s) should not take an active role in the case under investigation. This
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restriction is introduced to clearly differentiate case studies from action research.
In the former, the researcher has no active involvement in the phenomenon studied
beyond observation and analysis. This characteristic can serve as a distinguishing
feature between case studies and both action research and participant observation.

• To differentiate participant observation from action research, I understand the fo-
llowing: Participant observation primarily aims to gain an in-depth understanding
of the phenomenon being studied, while action research focuses on creating posi-
tive change and improvement within a specific community or organization. In the
former, maintaining a neutral stance regarding the project’s outcome is necessary,
while in the latter, a positive impact is anticipated and actively pursued.

Finally, Lenberg et al. [63] suggest that SE qualitative research could benefit from uti-
lizing a broad set of empirical methods, placing a stronger emphasis on reflexivity, and
adhering to qualitative guidelines and quality criteria. Although this study was pu-
blished after much of my research had already been conducted and was being reported,
I have certainly adhered to these principles and also recommend them. Specifically, I
recognize that reflexivity is an underemphasized aspect in SE qualitative research. Re-
flexivity involves the process by which researchers critically examine their own biases,
assumptions, values, and experiences that may influence the research process and fin-
dings. In the studies included in this thesis, explicitly efforts were made to incorporate
reflexivity. Specifically, I endeavored in all stages to be transparent about our inten-
tions and personal backgrounds regarding the objects of study. My colleagues and I
have openly discussed the limitations associated with our roles as researchers and have
maintained an ethical research process, including considering the relationship between
participants and researchers. Finally, I have kept a chronological and personal research
diary and explicitly considered the ethical aspects of all interactions with participants.

2.2.3. Managing a Research Team
The collaboration with stakeholders involved three distinct EBSE course modules for

undergraduate students, a workshop with government agency staff, and an EBSE project
conducted in partnership with an industry collaborator. Each required the active participa-
tion of a research team as well as me as the main researcher. I was responsible for organizing
the team members, both to do their required tasks in each project and to support the re-
search effort (e.g., data collection, and debriefing meetings). Although the most significant
effort was made in studies S4-S5 all studies required organizing the research in collaboration
with a research team.

In general, the issue of management is relevant for any project that involves large-scale
empirical research beyond the scope of a single researcher. However, in qualitative research,
there are some specific issues.

First, the following opportunities offered by collaborating with other researchers are iden-
tified:

Qualitative studies often necessitate on-the-fly decision-making since they are frequently
exploratory, and unforeseen events or opportunities for enhancing the research may ari-
se during their execution. Having multiple researchers enables us to deliberate on these
decisions before implementing them.

There are several aspects of qualitative research methods that remain ill-defined within
our community and the involvement of multiple researchers allows for a more objective
assessment of the study’s limitations throughout the research process.
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Qualitative research entails interpreting results, which can be influenced by various
factors, including the contextual elements, education, and experience of the researcher,
as well as their stance regarding the investigated topic. Collaborative teamwork reduces
reliance on the interpretation of data by a single individual. This not only helps improve
or rectify the interpretation of data but also ensures that the results are reported
accurately, facilitating comprehension by other researchers and practitioners.

Secondly, I also recognize some potential challenges:

Motivating other researchers to participate in the research can often be a daunting
task, especially when involving researchers who also have industry commitments. It
proved immensely helpful to clearly define and agree upon their specific roles and
responsibilities in advance as a condition for their participation.

Managing the assigning and scheduling of tasks among multiple participants was another
significant challenge. As previously mentioned, flexibility was essential, and research
plans had to be adapted to accommodate the availability of other researchers and par-
ticipants.

While other researchers may be interested in collaboration, especially when their con-
tributions are acknowledged, becoming a co-author can introduce conflicts between
maintaining objectivity and the desire to publish. In such cases, I recommend making
concerted efforts to uphold research rigor and encourage reflection on each researcher’s
position.

The validation of the research, its findings, and the reporting process by other resear-
chers can help mitigate researcher bias. However, in other fields, there is some con-
troversy surrounding how other researchers should be integrated into the validation of
qualitative synthesis. While some suggest involving different researchers in data coding
and using measures like intercoder reliability [78], others, such as Braun and Clark,
the proponents of the thematic analysis method, argue that reliability is an inappro-
priate criterion for assessing qualitative work [15,26]. They argue that interpretation is
invariably influenced by the researcher’s epistemological approach, their position, and
their experience. Additionally, they argue that the use of quantitative measures can
pose challenges; for instance, it could lead to a more extroverted researcher or one with
a hierarchical relationship to convincing others of their arguments. Some take a more
categorical stance, such as Stenbacka [110], who asserts that ‘reliability has no rele-
vance in qualitative research, as it is impossible to distinguish between the researcher
and the method.’ Personally, I believe it is essential to introduce this discussion within
the SE community, in which qualitative research predominantly relies on a positivist
epistemological approach that often oversimplifies both the issues under investigation
and the role of the researcher.
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Chapter 3

Summary of Research

This chapter presents a summary of the studies included in this thesis, outlining their
objectives, methods employed, key findings, and reflections.

3.1. Overview
As mentioned above, the purpose of this thesis is to contribute to the understanding

and potential improvement of EBSE adoption. It has been suggested by several authors that
EBSE could help bridge the gap between industry and academia [29,62]. Extensive research
exists that aims to enhance EBSE methods and techniques (see for example [5, 37, 52, 57]),
alongside efforts to find mechanisms for improving the transfer of evidence to industry, such
as rapid reviews and evidence briefings [21,23].

However, there seems to be a gap in the literature, as no studies directly address the
question of whether non-academic adoption of EBSE is worthwhile. In this thesis, this gap is
addressed by presenting studies that explore the issue from three different angles: the role of
training as a facilitator of EBSE adoption and its effect on trainees’ further working practices,
the significance of EBSE in government agencies, and the utilization of EBSE by the software
industry.

Figure 3.1 provides an overview of this thesis and its constituent studies. The green
boxes represent the areas investigated, while the yellow boxes denote the empirical studies
conducted. By delving into these topics, I aim to shed light on the practical value and
significance of non-academic adoption of EBSE.

Below is a summary of the studies conducted in this thesis.

3.2. EBSE Training
Other disciplines, in which EBP is implemented, have recognized the critical relevance of

appropriate training. Several systematic reviews have highlighted the lack of knowledge and
skills as one of the most commonly reported barriers to the adoption of EBP [96,104,115,118].
In fields like medicine, EBP training has a higher level of formalization and consensus, with
proposals for core skills in EBP (see for example [3]).

Since EBSE’s introduction, some studies reporting teaching initiatives have been pu-
blished (see for example [6, 16, 24, 43, 46, 53, 74]). However, there has been a lack of a com-
prehensive review that encompasses all the existing work in this area. Furthermore, no one
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Figure 3.1: Overview of the thesis.

has yet presented a detailed proposal for teaching EBSE, which could serve as a foundation
for core skills.

In S1, the initial study on EBSE training (presented in Appendix A), I tried to address
these two gaps by (1) reviewing previous publications on EBSE teaching, (2) proposing an
undergraduate EBSE course, and (3) conducting an empirical evaluation of the course.

3.2.1. SR on EBSE Training
Firstly, an SR was conducted to examine the previously reported EBSE teaching initiati-

ves thoroughly. The aim was to gain a comprehensive understanding of these initiatives. The
research questions addressed through this SR were as follows:

1. Which EBSE teaching initiatives have been reported?
2. In what context (academic program/courses/etc.) is it taught?
3. What is the content taught and what are the methodologies used to teach it?
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4. What are the assessment tools used?
5. What are the difficulties found and what are the recommendations provided?
6. What are the benefits for students?

Fourteen reports of EBSE and SRs training experiences were found, with half of the
studies focusing on teaching EBSE and the rest examining the EBSE process or attitudes to-
wards it. Although our SR was conducted in 2017 and last updated in December 2019, all the
studies found were conducted before 2014. Furthermore, the studies were conducted by uni-
versities in seven countries, primarily the UK. The training initiatives involved postgraduate
and undergraduate students across various program areas.

The most common educational approach included a brief introduction followed by a prac-
tical assignment, although other methods were also used. None of the studies mentioned
specific educational theories guiding their approach. All initiatives incorporated a practical
assignment, such as participating in a secondary study (SR, limited SR, or mapping study)
or performing EBSE steps. The assignments were conducted individually, in groups, or as a
whole class, with some studies limiting the scope or providing guidance. However, none of
the studies reported using any pedagogical method to support their training method.

Evaluation methods varied and included marking student reports, teacher evaluation of
outcomes, and student questionnaires. No specific method appeared to be inherently better.

Common issues reported by multiple studies included the time and effort required, stu-
dents’ ability to conduct SRs or mapping studies, challenges in literature searching, the value
of an iterative approach, the benefits of working on team projects, and the importance of
focused research questions.

The most common benefits reported were learning literature search and organization skills,
gaining knowledge about empirical studies, and developing the ability to assess information
on a particular topic.

3.2.2. EBSE and SRs Course for Undergraduate Students

Secondly, my colleagues and I developed an EBSE course, with emphasis on the SR
process. I adopted the learning outcome approach as a specific pedagogical method based on
codifying the knowledge and skill required of future EBSE users [51,102].

The course focuses on teaching fundamental EBSE concepts and techniques for practical
use. By the end of the course, the goals included students having a comprehensive unders-
tanding of essential EBSE concepts, the ability to identify SE issues addressable through
evidence, the skills to assess published secondary studies, and active participation in the
conduct of SRs.

Learning outcomes (LOs) were used to guide the course design and assessment. In sum-
mary, I established over fifty LOs that formed the basis of a syllabus focused on promoting
the practical application of EBSE. The course covered topics such as scientific publications,
the evidence-based paradigm, SRs in SE, and the process of conducting an SR.

The course followed a structure of alternating theoretical and practical content, with
weekly monitoring of students’ team assignments focused on conducting a secondary study. To
address challenges and recommendations from previous EBSE training studies, I incorporated
principles like limiting the workload during certain stages of the EBSE process, providing
teacher guidance in topic selection, and offering support to students requiring iterations in
their team assignments.
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3.2.3. Evaluation of our EBSE and SRs Course
Thirdly, I conducted a case study to deliver and evaluate our EBSE course, considering

students’ performance and opinions as key factors. The case study’s primary goal was to
assess whether students achieved the intended learning outcomes of the course, while also
gathering insights into any challenges they encountered with the course content and structure.
Additionally, the objective was to understand students’ perceptions of the method and ma-
terials used and their opinions regarding the relevance and value of the acquired knowledge.
Hence, the case study was driven by the following research questions:

1. Does our training proposal enable undergraduate students to explain EBSE concepts
and contribute to the conduct of an SR?

2. How suitable were the method and materials used according to the students’ perception?
3. What difficulties do students observe?
4. What benefits do students observe?

To address these research questions, I collected both quantitative and qualitative data,
employing data triangulation to include multiple perspectives. The data encompassed stu-
dents’ opinions gathered through a survey and a focus group, as well as their marks in course
tests and teams’ SR projects. Additionally, insights from a teachers’ debriefing meeting were
incorporated to present another viewpoint. The survey and focus group were conducted du-
ring the final class of the course, which was organized in stages. Initially, teachers provided
detailed feedback to each team on their work, including the grade achieved, comments, and
assessment criteria for each LO. Subsequently, students participated in an individual test.

The study results suggested that the EBSE teaching proposal effectively prepares students
with more than 3 years of Computer Science/Software Engineering training at university le-
vel to participate in the conduct of secondary studies. While the students did not complete
a full SR during the course, they demonstrated the acquired skills to perform various acti-
vities within the process. Their performance in practical assignments and their opinion on
the achievement of the objectives aligned well, reflecting the acquired skills. However, the
evaluation of individual tests showed only a minor grasp of EBSE theoretical elements. This
outcome is consistent with the course approach, which emphasizes practical training in SR
activities rather than theoretical concepts.

The teaching method, featuring a high practical workload and an alternating introduction
of theoretical and practical content, proves to be effective. Students faced difficulties with the
textbook, likely due to its English language and technical content. Undertaking an SR was
challenging for half of the students, and teachers provided support to manage frustration.

In the initial course experience, I identified common issues in previous EBSE training
initiatives. Conducting an SR requires significant effort, but students can succeed with an
iterative teaching approach and guidance from teachers. Learning the conduct of secondary
studies as a team project is valuable, but research questions should align with available
research.

Training provided students with a different perspective, though the actual benefits are
challenging to assess. Some students see potential professional benefits, while others focus on
academic gains. Two former students conducted a limited SR for their capstone project that
sought to create a prototype to help patients with the freezing of gait in Parkinson’s disease,
giving preliminary confirmation of the positive impact of EBSE training.

3.2.4. Impact of our EBSE Training
In the subsequent study S2 (presented in Appendix A), I conducted a further evaluation of

our training method. The study aimed to confirm the adequacy of our training and evaluate

26



3.3. EBSE Use by a Government Agency

its impact on the attitudes and behaviors of the trainees, particularly in their work practices,
over different time periods. The investigation was driven by the following research questions:

1. Is our EBSE course adequate to train undergraduate students?
2. Does our EBSE course have any impact on the working practices of the students?

Following the initial course, the EBSE course was delivered two more times and used
the same evaluation process, consisting of surveys, focus groups, and teacher assessments.
To analyze the training’s impact, I conducted two surveys with the students who took our
course, one after 7 months after finishing the third course, and a second after 21 months.

In the three courses, a total 44 students took our training course. The course received
positive feedback from both the teachers, who assessed the students’ teamwork assignments,
and the students themselves. At the end of each course and after applying the knowledge
gained in practice, the students considered the training to be satisfactory. Notably, all 33
students who reported applying what they learned, acknowledged the training was suitable
for their needs and requirements.

The results confirm that EBSE training has enabled more than half of the students to
improve their work practices by enhancing their information-gathering and analysis skills
and increasing awareness of evidence and research. The findings suggest, for the first time,
that training in EBSE enhances practitioners’ confidence in the significance of evidence from
research and encourages its utilization for informed decision-making. Additionally, the study
suggests that the benefits of teaching EBSE are comparable to those observed in other dis-
ciplines that teach EBP. Furthermore, the findings indicate that EBSE training positively
impacts the performance of novice industry practitioners, not just individuals in traditional
decision-making roles such as senior software engineers or project and quality managers.

Key Findings

The systematic review found no defined formalized EBSE training program.

The EBSE course was based on current educational theory with 50 learning out-
comes and a strong practical component.

The course was run three times, training a total of 44 undergraduate students.

Teachers and students judged the course to be acceptable.

33 students reported training positively impacted their work practices.

English and Spanish versions of the course are available [82].

3.3. EBSE Use by a Government Agency
Government agencies and regulatory bodies are key players in the adoption of evidence-

based practice, since they support the conduct of SRs, promote good practices, and define
quality levels. So far there is no research on EBSE and stakeholders from these types of
organizations.

Thus, in study S3 (presented in Appendix B), the aim was to investigate the attitudes
of stakeholders working in a government agency (GA) towards EBSE and assess the impact
of EBSE knowledge on their working practices. The research questions addressed were the
following:
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1. Is EBSE a method that should be considered for adoption by GA stakeholders?
2. Does EBSE awareness have any impact on the working practices of GA stakeholders?

To address these questions, I conducted a multi-stage field investigation within AGESIC,
a Uruguayan national GA responsible for digital policies. AGESIC’s involvement in policy-
making and legislation in SE is of great importance. They support government initiatives,
define software requirements, and influence purchase conditions. This study aims to contri-
bute to AGESIC’s understanding of EBSE and assess its potential usefulness in achieving its
goals.

In the first stage, I organized an EBSE awareness lecture in the agency and collected
through a focus group participants’ perceptions about the value and limitations of EBSE.
Sixteen months later, in the second stage, I reached out to the agency and inquired whether
the participants had applied the EBSE information presented to them.

Initially, participants expressed that EBSE appeared useful for addressing challenging
problems, particularly considering the agency’s responsibilities. Perceived barriers to adopting
EBSE included the need for institutional support, the lack of government practice reports,
insufficient skills or motivation, the cost associated with conducting SRs, and the scarcity of
evidence on emerging issues.

In the follow-up survey, although the participants were not conducting SRs themselves,
many reported improvements in their information search and evaluation methods to support
their work. These findings confirm the potential value of evidence within the context of IT
regulatory and government bodies.

Participants indicated using a diverse range of literature, with a particular emphasis
on grey literature, including government reports and white papers. This finding suggests the
need to tailor the presentation of EBSE concepts and techniques in future similar studies. For
instance, incorporating quality assessment checklists specifically designed for grey literature,
such as the one proposed by Garousi et al. [38], could be beneficial.

Key Findings

EBSE was perceived useful for tackling challenging problems and appropriate given
agency’s role.

Identified barriers include lack of: institutional support, evidence about government
practices, and research skills.

Participants’ information literacy skills improved with knowledge of EBSE.

Barriers to adopting EBSE align with those observed in other fields.

3.4. EBSE Application in Industry
In the final part of this thesis, I study the application of EBSE in industry, with a

particular focus on RRs, which has been promoted as a type of secondary study explicitly
created for direct collaboration with practitioners.

Specifically, I led a review team that conducted an EBSE-based project in collaboration
with a software company to address industry-specific issues. I worked closely with practi-
tioners to diagnose the problem at hand, employed an RR to gather relevant evidence, and
ultimately transferred the findings to the company. This project resulted in two interconnec-
ted yet distinct empirical studies and a literature analysis on RRs in SE.
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3.4.1. Rationale
Two factors influenced the final part of my research program:

Given the current trend where the limited number of practice-driven SRs conducted
are primarily in the form of RRs, I find it compelling to investigate more about this
method. This was the rationale of the next study (S4) which involved: (1) studying
previously conducted RRs in SE and (2) conducting an external replication of the first
study that proposed the use of RRs in SE [21].

Only a small number of SRs incorporate non-academic stakeholders and include addi-
tional EBSE activities. For instance, out of the 169 SRs identified by Kamei et al. [48]
published in 2011, 2014, and 2018, I found only three SRs that were jointly conducted
with industry [20,47,107]. While some practice-driven SRs have addressed practical pro-
blems, provided evidence to practitioners, and evaluated the benefits of EBSE adoption
(e.g., [12, 21, 109]), none of them comprehensively examined the overall application of
EBSE or explored the challenges associated with its implementation. Thus, the project
was utilized as an opportunity to evaluate the broader EBSE framework, aiming to
identify challenges, barriers, and facilitators encountered during its application (S5).

Table 3.1: Comparison of steps of EBSE & Action Research

EBSE Steps Action Research

1. Converting the need for information into an answerable question. 1. Diagnosis

2. Finding the best evidence with which to answer that
question.

2. Planning

3. Intervention
3. Appraising evidence validity, impact, and applicability.

4. Integrating the appraised evidence with expertise and stakeholders’
values and circumstances.

5. Evaluating effectiveness and efficiency in executing
previous steps and seeking ways to improve.

4. Evaluation

5. Reflection

3.4.2. Methodological Complexities
In the context of S4, I employed Action Research, replicating the same research method

as in the original study. The action taken was the conduct of an RR to provide evidence to
practitioners aimed at addressing their problems. However, from the company’s perspective,
their involvement was in an EBSE project (i.e., an application of all EBSE steps). EBSE can
be defined as a form of action research, where the goal is to adopt evidence-based actions to
address a problem (refer to Table 3.1 for comparison of the steps of both). This consideration
allows us to utilize the Participant Observation method to evaluate the project as an example
of EBSE. This assessment is presented in S5.

It was necessary to reconcile the application of both these methods. As mentioned in
Section 2.2.2, Participant Observation seeks to understand the phenomenon being studied,
while Action Research focuses on creating positive change. In this case, the aim was to assist
the company while also conducting a fair evaluation of the EBSE application. To reconcile
these objectives, the project focused on applying EBSE steps as they are defined. This meant
explaining in advance to practitioners that our objective, in addition to trying to assist them,
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was to evaluate EBSE and that the suggestions for process improvements would be grounded
on evidence from research collected through an RR. I was also clarified several times to the
participants that both their positive and negative feedback was useful. Furthermore, a detai-
led record of the activities undertaken and any deviations (such as requests for clarifications
or examples for the recommended actions) was maintained. I personally maintained a re-
search journal, and my colleagues and I also used reflexivity on multiple occasions, including
meticulously analyzing the studies’ limitations, among other aspects.

The two components of the S4 study (i.e., the systematic review of published SE RRs
and the replication of the original study proposing RRs for SE) and the S5 study involving
the evaluation of EBSE in an industry application are introduced in greater detail below.

3.4.3. A systematic Review
of SE Research Using RRs
In order to assess take-up of RRs in SE, I lead a systematic review of RR research based

on citation analysis of two of Cartaxo’s papers [21,22]. The research questions were:

1. What is the extent of take-up of RRs in the SE domain?
2. What was the scope of these studies?
3. What are the methodological characteristics of the reported RRs?
4. Which studies contributed to assessing the value of RRs and what have they found?

We found 23 papers reporting RRs in SE, although one of them analyzed the process used
by two previously published RRs [91]. These studies involved researchers from 13 different
countries, and more than half of them were published in the first 11 months of 2023.

Of these, 13 studies focused on RRs aimed at acquiring knowledge within specific fields,
while nine studies conducted RRs and supplemented or compared their findings with sta-
keholders’ opinions. The majority of RRs primarily relied on white literature sources.

In many instances, adequately understanding the RR process or its outcomes proved cha-
llenging due to insufficiently reported information. Only two studies provided comprehensive
details crucial for reproducibility, such as the search date, primary study list, and synthesis
methods employed. In addition, only five explicitly mentioned utilizing a protocol to guide
the process.

Six studies validated the value of RRs by corroborating their findings (or derived artifacts)
through collaboration with stakeholders external to the review team. Stakeholders across all
studies exhibited a positive attitude towards the results. With the exception of one study
involving undergraduates, the remaining studies enlisted practitioners with at least a degree-
level educational background.

In three studies, researchers collaborated with companies throughout the RR process,
engaging technology experts specializing in topics relevant to the RR questions. This research
confirmed that RRs can support collaborations between industry and academia, but, like
the RR conducted by [21], the industry collaboration was in the context of advanced R&D
projects and involved practitioners with experience in SE research.

3.4.4. Industry Practitioners’ Perceptions of RR Evidence
The mapping study confirmed that there was little research aimed at increasing the un-

derstanding of RRs in SE. Thus, I considered it important to replicate the original study of
RRs in SE [21] and examine their utility in supporting SE practice within a software com-
pany. The specific focus was to assess the significance of the evidence derived from an RR for
practitioners lacking familiarity with SE research, which represents a novel aspect compared
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to prior research. In study S4 (presented in Appendix C), the investigation was guided by
the following research question:

1. What are the perceptions and attitudes about using a rapid review to support software
engineering practice in a software company?

2. Are there any problems using RR information when collaborator have no SE research
experience?

To investigate this, like Cartaxo [21], I adopted action research, a method that combi-
nes research with proactive interventions to drive change. I led a small review team that
conducted an RR for an agile software development team seeking to enhance their knowled-
ge management practices. Employing action research, the RR conduct, collaboration with
practitioners, and their feedback were analyzed. Comparing the results with previous RR
evaluations in SE, I collected data on the organization, participant roles, actions taken, and
outcomes of the action research process. These data allowed my colleagues and I to assess
the reception of the RR recommendations by the practitioners.

Participants generally viewed RR results positively, considering them more reliable than
other sources and effective for addressing identified problems. Despite our requesters lacking
academic backgrounds and SE research experience, the findings align with Cartaxo’s study
where participants were from an applied research institute with master’s degrees [21]. This
underscores that RR’s value extends beyond research-background practitioners, emphasizing
its usefulness in bridging academia and industry collaboration.

Collaborating in the RR process also improved practitioners’ problem understanding and
knowledge. Additionally, they expressed appreciation for timely results. Subsequently, some
months later, they reported implementing some of the recommendations.

Following Cartaxo et al.’s recommendation, result discussions were incorporated into dis-
semination activities. In addition to an evidence briefing, a workshop was conducted where
attendees engaged in discussing the evidence. This approach effectively disseminated our fin-
dings. Both studies suggest that a single-page evidence briefing is insufficient for the practical
utilization of results.

The main challenges faced by the review team were the lack of guidelines and examples of
using an RR in industry and the difficulty in finding adequate evidence. Presently, the former
challenge appears less problematic due to the growing number of RR publications. However,
the latter issue suggests that the absence of explicit recommendations and the necessity for
qualitative aggregation might jeopardize the rigor of the RR process in SE, particularly when
only one researcher is typically involved.

Finally, I found some aspects that deserve reflection about the RR process.

Although none of the RRs that I surveyed included quality assessment of the primary
studies (refer to Section 3.4.3), my experience indicates that it is not advisable to rule
out this activity before assessing whether this information is required.

While RR offer a valuable tool for minimizing effort and timescales, I recommend re-
searchers utilize secondary studies if relevant ones are available. A high-quality and
pertinent SR or mapping study may resolve requesters’ issues directly or identify rele-
vant primary studies.

Reporting an RR. Published RRs reports fail to provide necessary information for a
thorough understanding of the RR process or its outcomes (refer to Section 3.4.3).
However, without comprehensive reporting of the RR process, the value of the results
to other researchers or practitioners will be limited, regardless of their significance.
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Key Findings

More RRs are being reported in SE, with some conducted collaboratively with
practitioners knowledgeable in SE research.

Reporting practice for RRs is inadequate, reducing the scientific value of their
results.

The replication study addressed a limitation of the original study of RR in SE by
collaborating with participants lacking SE research experience.

Practitioners without SE research experience valued and utilized RR results.

Researchers and practitioners considered that RR provided more reliable content
than other sources.

3.4.5. Evaluation of a Practice-driven Application of EBSE
Despite the widespread adoption of SRs for academic purposes, the broader framework

of EBSE has not been thoroughly evaluated. In study S5 (presented in Appendix C), I
evaluated the application of EBSE in an industry setting, which included collaborating with
practitioners to diagnose the problem, collect evidence through an RR, and transfer the
results to the company.

The following research question guided the investigation:

1. What issues, barriers, and facilitators arise when using EBSE in an industry setting?

To answer it, and as a means of assessing the value of the EBSE framework, I intended
to identify potential barriers and facilitators to EBSE use, reflecting the viewpoints of both
the EBSE team members and the company staff members. My evaluation considered the five
steps of the EBSE process in terms of how the steps were performed and any difficulties that
were encountered. Specifically, I conducted a thorough examination EBSE application using
participant observation and qualitative data analysis of meeting recordings, correspondence,
and personal notes. Furthermore, the findings were compared with early concerns raised by
the researchers who initially proposed EBSE two decades ago [33,56].

Practitioners used some of the evidence-based recommendations obtained. However, se-
veral barriers to the practice-driven use of EBSE were encountered .

Difficulty in obtaining relevant evidence. I struggled to find evidence that directly ad-
dressed the company’s specific problems. Existing evidence was either too general or
non-existent, requiring us to formulate a broad research question.

Complexity of applying evidence. Applying the evidence I found was challenging because
it consisted primarily of high-level recommendations rather than actionable guidelines.

Lack of guidelines and examples of using EBSE in industry. This lack of guidance
hindered our EBSE process, and I had to adapt my approach based on the project’s
circumstances. For example, I adjusted our selection criteria based on discussions with
requesters after they validated some of the evidence from the studies obtained in the
search stage.
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These issues highlight the need for more guidance in the EBSE framework, particularly
in addressing broad questions, effectively reporting SE evidence to practitioners, developing
practical and context-appropriate recommendations, and evaluating EBSE activities.

Factors that contributed to the success of my project included:

Close collaboration and addressing industry partner’s needs.

Comprehensive dissemination strategies. In my case, holding a knowledge transfer workshop
in which participants carried out hands-on activities to discuss the recommendations
and their implementation was very valuable.

The company’s commitment to process improvement facilitated their openness to re-
flection and acceptance of recommendations.

The use of an RR provided valuable results within the resources constraints without
compromising scientific rigor.

External expert validation played a crucial role in improving the study’s quality during
the RR process and results analysis and reporting.

Despite the recognition of barriers to EBSE for over 20 years, my study confirmed that
many of these barriers persist. The lack or inadequacy of evidence remains a significant
challenge in adopting EBSE, as identified in previous research [17, 82, 109]. Collaboration
between academia and industry also remains a challenge for the community, indicating that
EBSE has not fully achieved its goal of bridging the gap between industry and academia.

On a positive note, my study reports the effective utilization of EBSE for enhancing
industry-academia collaboration, even when practitioners lack of SE research experience. No-
netheless, applying EBSE presents various hurdles, requiring a diverse skill set that includes
academic knowledge and professional experience.

The results suggest that, for effective adoption of EBSE, it is likely to be necessary
to use relatively high-level questions, due to limitations of the available research, and we
should provide improved guidelines for EBSE steps 2 to 4. Additionally, defining procedures
in advance to monitor and evaluate the process changes specified in Step 4 is crucial to
effectively completing step 5.

Key Findings

Limitations of SE evidence led to using broad questions and tailoring results to
specific recommendations.

Implementing EBSE process demanded a combination of professional and research
skills.

Key enablers included close collaboration, effective dissemination, and practitio-
ners’ commitment to process improvement.
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Chapter 4

Discussion

This section provides a summary of the main findings across all studies, reflects on the
applicability and value of evidence-based practice applied to SE, and analyzes the potential
role that EBSE can play in relation to the ongoing global changes.

4.1. Key Findings on EBSE Adoption Across Studies

Going beyond the precise aims of each study, they can be considered as interventions
wherein participants were introduced to the principles of EBSE through different approa-
ches. To illustrate, in the course, students were immersed in both the theoretical concepts
and practical techniques of EBSE (S1 & S2). Likewise, in the study involving the govern-
ment agency several IT area members were introduced to EBSE concepts through a lecture
(S3). Finally, during the EBSE-based project researchers collaborated with practitioners to
conduct RR and participate in knowledge dissemination activities (S4 & S5). Considering
this viewpoint, below I comparatively interpret the results seeking to identify patterns in the
benefits of knowing/using EBSE, perceived/experienced barriers to its adoption, and factors
that support its use.

4.1.1. Benefits of Knowing or Adopting EBSE

The results of my research suggest that gaining an understanding of EBSE allows parti-
cipants to improve information literacy skills (S2 and S3). This can be attributed to several
reasons, but it could be probable that after becoming familiar with EBSE, participants gain
an awareness that it is both possible and often advisable to consider the quality of the
information underlying decision-making in SE, as well as the level of rigor applied in its
generation.

Both industry and government practitioners considered the evidence from the SRs to be
more reliable than the sources of information they usually used (S3 and S4). In addition,
industry practitioners felt that the RR evidence was problem-oriented and that there would
be benefits to its application (S4).

Finally, participating in an EBSE-based project seems to have improved the problem
understanding of the staff of the industry partner and allowed them to learn new concepts
(S4).
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4.1.2. Barriers to EBSE Adoption
One of the most challenging barriers faced in the project with the industry partner (S5)

was the lack or inadequacy of evidence (S5), which was also perceived as a barrier by the
members of the government agency (S3).

Another related issue is the current incompleteness of the reports of SE RRs (S4). The
lack of information about the RR process makes it difficult to assess the evidence generated
by RRs and under what circumstances it can be applied.

The high cost (in time and effort) of conducting SRs was identified as a barrier by the
teachers of the EBSE course (S1) and was perceived as a barrier for the members of the
government agency (S3). Furthermore, having short response times was valued as important
by the industry partner (S4).

Other difficulties experienced when working with the industry partner (S5) were the
complexity of applying the evidence, the lack of guidelines and examples of use of EBSE, and
practical problems of working with an industry partner.

Finally, the government agency staff perceived as obstacles the lack of skills and motiva-
tion to use EBSE as well as the possible lack of institutional support (S3).

4.1.3. Facilitators to EBSE Adoption
First, my research about the effects of the EBSE training suggests that training signi-

ficantly facilitates the adoption of EBSE practices (S2). Undoubtedly, possessing sufficient
training represents the optimal approach for overcoming the skill gap barrier. The training
proposal has predominantly targeted undergraduate students1, so I would like to investigate
training approaches for industry and government practitioners in the future2.

Second, several factors contributed to the successful achievement of the EBSE-based pro-
ject (S4, S5). These factors included: (1) Establishing close collaboration with the industry
partner and considering their needs throughout the project. (2) Considering an appropriate
disseminating of the evidence to facilitate its practical application, a non-trivial task. (3) Uti-
lizing an RR appears particularly appropriate when collaborating with an industry partner
due to its flexibility and the capacity to generate results in low-resource settings (in the study
of this thesis, limited effort and use by non-experts) while maintaining scientific rigor. (4)
The commitment of the industry partner to process improvement, and (5) the involvement
of external researchers who validated the progress and rigor, were also noteworthy.

Finally, the brief introduction of EBSE in a government agency (S3) suggests that emplo-
ying knowledge brokers might aid in introducing EBSE to audiences unfamiliar with scientific
literature usage. Furthermore, observing the agency members’ substantial reliance on grey
material leads to believe that they could benefit from guidance or recommendations on ef-
fectively utilizing this type of material (matters that have been previously considered within
EBSE).

4.2. Practicality and Worthiness of EBSE
All the studies on EBSE adoption of this thesis show the same consistent pattern of main

barriers to evidence-based practice as identified in secondary studies across various discipli-
nes, including medicine. These barriers encompass a lack of relevant research in the literature,

1Some postgraduate students participated in the EBSE courses, but their experience was not empirically
evaluated.

2The intervention with AGESIC could be considered as an introduction to EBSE rather than formal
training.
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insufficient research skills among stakeholders, and limited time/resources available to sta-
keholders. Despite the apparent significance of these barriers, there remains a question: why
are researchers convinced that evidence-based practice is effective? This conviction appears
to stem from the success of Evidence-Based Medicine (EBM).

In the view of my colleagues and me, EBM is deemed successful primarily because it is
highly effective in drug testing, owing to the following factors:

Evaluation Based on Comparative Studies: The efficacy of EBM is grounded in compa-
rative studies, with drug trials typically adopting well-understood methodologies such
as randomized controlled experiments, often incorporating double (and preferably tri-
ple) blinding. These trials are meticulously controlled formal field experiments with
established protocols.

Passive Recipients of Treatment: The subjects in these studies are typically passive
recipients of the treatment.

Passive Role of Doctors: While doctors are required to diagnose the cause of a patient’s
illness, they usually act as passive recipients of the results from comparative studies,
guiding them on one treatment over another. In the majority of cases, little to no
additional training is necessary for them to administer a new drug treatment.

Medical Ethics: Medical ethics dictate that doctors must “do no harm”, creating an
inherent incentive for proven treatments to be adopted. Additionally, doctors often need
to make a formal ethical statement before being licensed to practice.

Regulation as a Key Enabler: The major contributing factor to the success of EBM in
drug testing appears to be stringent regulation. Pharmaceutical companies are required
to conduct extensive trials before a treatment is approved. Moreover, in many coun-
tries, government agencies produce mandatory treatment guidelines, further ensuring
adherence to standardized and proven practices.

In the field of software engineering, several challenges shape the research landscape:

Conducting Field Studies is Challenging: Conducting formal field experiments is vir-
tually impossible, and achieving blinding is often infeasible in software engineering
contexts. Moreover, comparing two well-known and well-understood methods is the
exception rather than the norm. Thus, SE faces hurdles in conducting field studies,
with limited industry motivation or established practices for thoroughly evaluating
new methods or technologies before implementation. Consequently, major technologi-
cal changes can lead to unforeseen side effects. For instance, the adoption of object-
oriented programming unintentionally resulted in increasing code duplication, which is
identified as one of the major sources of defects [97]. Another example is the oversight
or deliberate neglect of knowledge management practices in agile software development
methodologies. Such oversights can lead to deviations from the company’s strategy,
wastage of resources, and the acquisition of irrelevant knowledge [76]. The use of ar-
tificial intelligence as the foundation for self-driving cars is also under scrutiny, the
concerns include at least 25 deaths and issues such as several traffic jams [27].

Active Involvement of Subjects: Subjects are rarely passive recipients of improved
methodologies, especially since human-based problem-solving methods are prevalent
in SE. Even if the solution is simply a new tool, it often involves a process of product
or process migration, along with the need for personnel training. When applying EB-
SE this becomes even more complicated. The need to use broad questions arises with
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various high-level recommendations. Many industry practitioners, apart from large soft-
ware engineering companies with extensive R&D departments, lack the knowledge to
choose the most suitable approaches for their circumstances. Furthermore, they may
lack the experience required to implement necessary changes to their processes. Prac-
titioners need to understand the problems SRs aim to address, considering symptoms
and context. They also need to know the solutions that address these problems, the
context in which these solutions are effective, and how to implement them successfully,
which may involve training, adopting new tools, and incorporating new QA practices.
Given these complexities, the direct utilization of SRs results by practitioners remains
the exception.

Ethical Statements Not Required: Unlike some other fields, software engineers are not
required to make any ethical statements before employment.

Lack of Regulation: There is a lack of formal regulation for software products and
software production practices.

Considering these circumstances, is EBSE worthwhile? Several ongoing societal changes
suggest EBSE could become more important. These global shifts are linked to the widespread
dissemination of unrealistic information, the rise of generative artificial intelligence, and the
consequential transformations. In the following section, an overview of these challenges is
provided, along with a discussion of the potential role of EBSE and empirical SE research.

4.3. Current Global Challenges and the Role of EBSE
The Information Age is the historical period that began in the mid-20th century in which

societies are profoundly influenced by technological advancements, particularly in informa-
tion and communication technologies. Castells, a prominent researcher in the fields of so-
ciology, communication, and technology, underscores the pivotal role of information in this
era, emphasizing its significance not merely as data but as a crucial resource [25]. When
information is processed and transformed into knowledge, it becomes a driving force shaping
economic, social, and cultural structures.

Previously, information and knowledge were scarce; now, they are abundant. However,
their abundance does not shield them from manipulation and distortion. Information pollu-
tion refers to “false, misleading, and manipulated online and offline content, created, produ-
ced, and disseminated intentionally or unintentionally, with the potential to cause societal or
physical harm” [114]. Manifestations of information pollution include, among others [68,114]:
disinformation (false information deliberately created to harm a person, social group, orga-
nization, or country), misinformation (false information not created with the intention of
causing harm), malinformation (information based on real facts but manipulated to inflict
harm on a person, organization, or country), fake news (false information spread under the
guise of being authentic news, usually disseminated through news outlets or the internet
with the intention to gain political or financial advantage), and clickbait (the deliberate use
of misleading headlines to encourage visitors to click on a particular webpage).

Information pollution presents a significant challenge for societies across various levels
[114]. On a broader scale, access to quality information plays a crucial role in cultivating
public trust, sustaining transparency of governments, and enhancing social cohesion. Par-
ticularly noteworthy are its potentially detrimental effects on professional decision-makers
whose performance relies on the quality of the information they receive [75].

Moreover, information pollution spans all types of information. Two illustrative examples
of this are fake product endorsements and paper mills. Firstly, fake product reviews, such as
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those that can be found on Amazon, can significantly impact perceptions of product quality,
making their study one of the primary agenda items in social and digital media marketing
research [98]. At the other end of the spectrum, scientific literature also faces contamination
through fake manuscripts orchestrated by paper mills— “the process by which manufactured
manuscripts are submitted to a journal for a fee on behalf of researchers with the purpose of
providing an easy publication for them, or to offer authorship for sale” [2]. An unpublished
analysis shared with Nature, estimates that between 1.5 and 2% of all scientific articles
published in 2022 exhibit many similarities to content generated by paper mills [116].

In this general context, the following societal changes suggest that EBSE could become
more important:

Need for Information Literacy Skills. The software engineering community, inclu-
ding academia, industry, government, social actors, and professional communities, is also
susceptible to the impacts of information pollution. A recent instance of this is the article re-
leased by the consulting giant McKinsey on developer productivity [40]. The article, aimed at
comprehending software productivity and suggesting a measurement approach, sparked sig-
nificant controversy, primarily due to the numerous unsupported statements it contained [73].
The findings of this thesis indicate that undergoing training in EBSE or possessing a founda-
tional understanding of its principles enhances the information literacy skills of practitioners,
irrespective of whether they are employed in industry or government. This suggests that they
are potentially better equipped to consume information thoughtfully, reducing susceptibility
to the impacts of information pollution. This is further emphasized by the observation that
EBSE training also appears to promote the utilization of evidence from research to support
professional practice. Several authors advocate empowering individuals as a primary strategy
to mitigate the effects of information pollution [61]. It seems that the knowledge and training
in EBSE may contribute to this empowerment within the SE community.

Generative AI Regulation. Lately, there have been several concerns about the impacts
of artificial intelligence (AI). Over the past year, generative AI has brought up some serious
questions in policies, especially regarding the copyright of the data they use for training (see,
for example, [99,100]). It is crucial for government organizations to consider how to regulate
AI. A recent move in this direction was the 2023 AI Safety Summit3, where 28 countries
united to start discussing the safety and regulation of AI. However, some argue that too
much attention is paid to big tech companies and not enough to academia [67]. This should
prompt us to reflect on what we might be doing incorrectly. It could be that we are not
sufficiently dedicated to investigating issues within professional practice, or perhaps we lack
the skills to effectively communicate our findings beyond academic spheres or advocate for
a more empirically grounded approach to practice. In order to ensure it is fit for purpose,
we need better ways to provide evidence of good practice when developing AI systems and
we need processes for evaluating the performance of deployed systems. So government bodies
need to understand how to use evidence to make decisions about certification. SE researchers
need to consider what sort of evidence is needed, how it can be collected, and how to ensure
that evidence is fair and unbiased.

Generative AI & Nature of Evidence. AI systems themselves also raise issues about
the nature of evidence. In the presence of systems capable of generating fake news and
manufactured research, ensuring the authenticity of submitted evidence becomes a critical
concern. Consequently, there is a pressing need to further investigate methods for assessing
the credibility of all published reports and Internet materials. The focus should not only be
on evaluating the quality of primary studies but also on establishing the trustworthiness of all
information sources supporting SE practices. The process of achieving this goal is yet to be
thoroughly explored. While guidelines for assessing the quality of grey literature (e.g., [38])

3https://www.aisafetysummit.gov.uk/
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provide a reasonable starting point, tackling the challenges posed by deep fakes is more
complex than identifying invalid arguments or unfounded assertions.

Regulation of software products. As mentioned earlier, the issues linked to deployed
AI systems are raising significant concerns, leading to an escalating demand for regulations.
SE researchers would need to consider the issues involved in the formal evaluation of software
products such as protocols for field trials, independent auditing of the product development
and maintenance process as well as the detection of fake evidence. Thus, regulation of soft-
ware products might increase the importance of EBSE and empirical software engineering in
general.
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Conclusions

In this chapter, I bring this thesis to a conclusion by summarizing the primary contri-
butions and elucidating their significance for the software engineering community. Lastly, I
present my view on potential future research directions within the scope of the topics of this
thesis.

5.1. Concluding Remarks
The initial conclusion drawn from this thesis is that the non-academic application of

EBSE is complex. This complexity, coupled with the ambiguity surrounding its value, has
the potential to foster significant skepticism among researchers and practitioners alike. It is
conceivable that these factors have contributed to the scarcity of practice-driven uses of EBSE
reported over the two decades following its inception. My research addresses both of these
aspects in distinct manners: by presenting certain findings regarding the value and benefits of
EBSE utilization, and by making an effort to comprehend its complexity. The latter includes
an exploration of barriers encountered during its application, as well as an investigation into
the factors that could potentially facilitate its successful adoption. Specifically, I studied the
value and complexity of EBSE by (1) investigating the effects of an EBSE training on the
work practices of former students, (2) evaluating the attitudes towards EBSE of members
of a government agency and the effects of their working practices, and (3) conducting and
evaluating a practice-driven application of EBSE to address a software company problem
and studying the practitioners’ feedback.

The second noteworthy conclusion is that EBSE appears to hold significant value for the
SE community. My own research confirms the use of evidence is essential for SE researchers,
all stages of this thesis were based on the results of an SR or a RR. Furthermore, acquiring
knowledge of EBSE, whether through a brief introduction or a more comprehensive training,
has the potential to enhance participants’ work practices. This is achieved by fostering an
awareness of research and evidence, as well as refining skills related to information gathering
and information literacy. The findings of this thesis suggest that, both within government
and industry contexts, the insights obtained from SRs are considered more reliable compared
to other forms of information utilized for decision-making. Furthermore, EBSE awareness
and application appear to foster a positive disposition towards evidence from research, even
among individuals who were previously unfamiliar with it.

Effectively utilizing EBSE (i.e., applying all of its steps) requires the ability to translate
academic recommendations into practical process changes and proficiency in devising and
utilizing effective mechanisms to disseminate knowledge. Consequently, EBSE appears to be
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more appropriate as an approach for researchers to enhance collaboration with practitioners,
rather than a freely accessible mechanism for all stakeholders as initially expected [33]. The
primary obstacle to EBSE adoption seems to be the limitations of evidence within the SE
domain. This reinforces the viewpoint of many researchers who emphasize the necessity for
research more aligned with the industry’s needs.

Akin to the lack of skills being a major barrier to adopting EBSE, training stands out as
one of its primary facilitators. In this thesis, previous teaching initiatives related to EBSEs
and SRs were compiled, culminating in the formulation of a set of learning outcomes tailored
for training both undergraduate and graduate students. The evaluation of the proposal, as
well as the assessment of the course built around it, indicates its suitability. Furthermore, its
comprehensive nature enables replication and adaptation in different contexts. The educa-
tional materials have garnered interest from teachers at different universities, who are keen
to incorporate them into their teaching. My colleagues and I are actively receptive to this
interest, aiming to provide assistance and incorporate other researchers’ feedback. I believe
that the proposal presented in this thesis has the potential to serve as a foundational frame-
work for fostering future consensus on EBSE training, akin to the style of EBP training core
skills defined in other disciplines (e.g., [3]).

Despite being introduced in SE in 2018, RRs publication has experienced a substantial
increase, particularly evident in 2023 compared to previous years. Notably, many of these
RRs involve collaborations with industry partners, marking a difference from the predomi-
nantly academically motivated nature of SRs. However, my exploration of RRs in SE revealed
numerous risks and challenges. Reports are often incomplete, making it difficult to assess
their outcomes adequately. Furthermore, the method itself remains relatively understudied,
with various aspects remaining unexplored, such as effective strategies for dissemination and
knowledge transfer of its results.

Finally, over the course of this research, I have endeavored to explore a closer connec-
tion between EBSE and diverse stakeholder groups, primarily those outside of the academic
community. This represents a novelty within EBSE research, coupled with the emphasis on
assessing the value of EBSE itself, rather than solely focusing on SRs. My findings underscore
the potential value that EBSE could bring to regulatory and governmental bodies, as well as
to the software industry. However, further exploration in this direction is imperative to gain
a deeper comprehension of their specific needs and to identify modes of collaboration with
academia that could yield more productive outcomes.

5.2. Future Agenda
Throughout the work presented in this thesis, I have pinpointed various issues that could

serve as potential directions for future research. The following list outlines and elaborates on
the key or most promising of these lines for future work.

Enhancing the EBSE training. While the EBSE and SRs course for university stu-
dents has been deemed adequate, there is room for improvement. Specifically, the course
requires a stronger emphasis on EBSE and less focus on the SR process. This shift would
enhance both the comprehension of topics such as evidence utilization and knowledge trans-
lation, along with fostering a more positive perception among students regarding the value of
evidence-based practice. To facilitate this improvement, several approaches could be conside-
red: (1) Incorporating a practice-driven EBSE application report (e.g., [50]) into the reading
materials. (2) Considering both of the final two EBSE steps, encompassing discussions on
contextual factors that influence knowledge utilization (e.g., company size, staff experience,
application types, etc.), as well as reflections on the efficacy of the EBSE process and what
this means in practice. (3) Introducing an assignment that challenges students to apply evi-
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dence for addressing a professional practice problem. For instance, students could be tasked
with examining the application of evidence when dealing with a scenario like establishing
a new company and deciding between test-driven development and conventional testing ap-
proaches. To facilitate this, EBSE training could adopt the approach of teaching through
evidence-based scenarios co-created with practitioners (as recommended by Manns and Da-
rrah [66]).

Research and develop EBSE training for industry and government. Up to this
point, I have not encountered any reports of EBSE training extended to companies or other
non-academic stakeholders. Considering the advantages identified, it becomes compelling to
consider implementing interventions aimed at increasing awareness and imparting EBSE trai-
ning. In doing so, special attention must be paid to the requirements and circumstances of the
trainees, necessitating the customization and creation of user-friendly resources. Additionally,
in line with my research findings, it would prove highly beneficial to place a distinct emphasis
on EBSE and the utilization of evidence from research (as opposed to its generation). This
emphasis should include guidelines or recommendations for effectively assessing grey material
(e.g., blog or chatGPT outcomes). Also, as Jørgensen suggests [45]1, it seems advisable to
teach and encourage practitioners to make the processes for creating local evidence2 explicit
and somewhat rigorous, thus enhancing the quality and availability of this type of evidence.

Using theories and models to support the investigation of EBSE adoption.
Gaining deeper insights into enhancing the adoption of EBSE requires a comprehensive un-
derstanding of the decision-making dynamics within the SE domain, as well as the distinct
roles various types of information play in the decisions of practitioners. A potential avenue
for exploration involves conducting surveys amongst software company managers and other
practitioners, delving into queries about the stakeholders responsible for SE methodology
and tool decisions, as well as the processes underlying such choices. Notably, it has been
proposed that shedding light on and dissecting the decision-making process can significantly
bolster the uptake of EBP [10]. Moreover, integrating theoretical frameworks to better un-
derstand the decision-making procedures used in SE (e.g., [19]) could significantly contribute
to this investigative endeavor. Lastly, using theories or models engineered to facilitate a more
nuanced comprehension of the adoption of evidence-based practices (for example, Rogers’
diffusion of innovations theory [92]) might provide valuable insights in steering this direction.

Study and promote experiences of practice-driven use of EBSE. Finally, given
the scarcity of reports on EBSE applications oriented to practice, it seems advisable to further
investigate the existing reports and consult their authors seeking to identify challenges faced
and lessons learned. In addition, material such as guides or more detailed recommendations
could be generated to apply all the EBSE steps. In our research group, we also intend to
continue using EBSE to improve the collaborations with companies and government agencies
in Uruguay. In this way, we will also have more opportunities to better study the non-academic
use of EBSE.

1keynote slides in https://web-backend.simula.no/sites/default/files/publications/files/fse-keynote-
2014.ppt.pdf

2Local evidence refers to “evidence that is available from the specific setting(s) where a decision or action
will be taken.” [64] This type of evidence is typically generated by companies, organizations, or agencies
and is often produced informally or without a systematic approach. Although local evidence may be more
directly relevant than studies conducted elsewhere, it can also be less reliable due to significant limitations
in its creation process [64].
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[50] Kasoju, A., Petersen, K., and Mäntylä, M. Analyzing an automotive testing process
with evidence-based software engineering. Information and Software Technology 55, 7
(2013), 1237–1259.
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Abstract
Context Although influential in academia, evidence-based software engineering (EBSE)
has had little impact on industry practice. We found that other disciplines have identified
lack of training as a significant barrier to Evidence-Based Practice.

Objective To build and assess an EBSE training proposal suitable for students with more
than 3 years of computer science/software engineering university-level training.

Method We performed a systematic literature review (SLR) of EBSE teaching initiatives
and used the SLR results to help us to develop and evaluate an EBSE training proposal.
The course was based on the theory of learning outcomes and incorporated a large practical
content related to performing an SLR. We ran the course with 10 students and based course
evaluation on student performance and opinions of both students and teachers. We assessed
knowledge of EBSE principles from the mid-term and final tests, as well as evaluating the
SLRs produced by the student teams. We solicited student opinions about the course and its
value via a student survey, a team survey, and a focus group. The teachers’ viewpoint was
collected in a debriefing meeting.

Results Our SLR identified 14 relevant primary studies. The primary studies emphasized
the importance of practical examples (usually based on the SLR process) and used a variety
of evaluation methods, but lacked any formal education methodology. We identified 54
learning outcomes covering aspects of EBSE and the SLR method. All 10 students passed
the course. Our course evaluation showed that a large percentage of the learning outcomes
established for training were accomplished.

Conclusions The course proved suitable for students to understand the EBSE paradigm and
to be able to apply it to a limited-scope practical assignment. Our learning outcomes, course
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structure, and course evaluation process should help to improve the effectiveness and com-
parability of future studies of EBSE training. However, future courses should increase EBSE
training related to the use of SLR results.

Keywords Evidence-based software engineering · Learning outcomes · Training
evaluation · Systematic literature review

1 Introduction

Evidence-based software engineering (EBSE) aims to improve decision-making related 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 rec-
ommendations for professional practice. As main tools to achieve this, EBSE proposes
secondary studies such as systematic literature reviews (SLR) and systematic mapping
studies (Kitchenham and Charters 2007).

At present, different initiatives suggest that EBSE can contribute to generating more
applicable research results and improving the transfer of knowledge to the industry. Sev-
eral 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; 2019b; 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 bar-
riers 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
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to be done, for example, teaching how evidence is used, and 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 learning
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’ performance 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 Sections 7 and 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 relat-
ing 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 Decem-
ber 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. guide-
lines (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?
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?
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RQ4 What are the assessment tools used?
RQ5 What are the difficulties found and what are the recommendations provided?
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 differences 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 ini-
tial 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 differences 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 available.

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 primary
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 searched on the site where they
were published (if available), and in both SCOPUS and Google Scholar. After complet-
ing 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.

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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Table 2 Results of selection process

First Stage Second Stage

Papers Agreed Papers Papers Kappa Papers Papers

Search Include Exclude Disagreed Total Selected Selected

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

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 categoriza-
tion scheme (see Appendix 1) 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 spreadsheets that was tested on some of
the primary studies. Pizard then performed 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 difficulties and
benefits (RQ5 and RQ6 respectively).

To validate the extracted data, Moreno and Pizard performed a lean peer review as recom-
mended 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. Reliability analysis of the data extraction process is included in
Appendix 1.

Fig. 1 Surveyed literature flowchart
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2.2.3 Quality Assessment Process

Kitchenham proposed a quality assessment of all the identified studies. Because the primary
studies were of different types, we used the same questions as Kitchenham and Brereton
(2013), which were originally used by Dybå and Dingsøyr (2008), see Appendix 1. 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 1.

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 experiences 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 ana-
lyzing the quality by type of study (see Fig. 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 guide-
lines 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.

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 lim-
ited 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 set-
ting a specific topic to study, while in others the scope was limited by omitting some stages
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Table 4 Context of EBSE teaching initiatives

Id University Country Year
of the
study

Number and type
of studentsb

Program
area

Course focuse

S1 Universidade Federal
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 architecture

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 modules

S7 Durham University UK 2010a 3 UG, 3 PhD – Integrated modules

S8 Teesside University UK 2008 52 MSc not CS Research methods

S9 Keele University UK 2008 1 MSc not CS Individual projects

S10 California Polytechnic
State University

USA 2007 13 MSc CS SE

S11 University of Bari Italy 2008a MSc – Empirical SE

S12 University of Hert-
fordshire

UK 2007 20\12 UG c CS Empirical SE

S13 University of Hert-
fordshire

UK 2005 15 UGd CS Empirical SE

S14 Hedmark University Norway 2003-2005 30-60 UG not CS EBSE/SLR

aThe authors do not specify the year of the study, so the paper publication year is included here
bPhD: PhD candidate student, MSc: MSc degree student, UG: Undergraduate student, PG: Postgraduate
student
c37 students, 20 courseworks were studied and 12 students responded the feedback questionnaire
d39 students, 7 used to build checklist and 15 courseworks were studied
eIntegrated modules: modules that cover a variety of topics (usability, professional practice, teamwork 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)

(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 reports, teacher
evaluation of EBSE or SLR outcomes, and giving students questionnaires 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.
– 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 Difficulties and Recommendations (RQ5)

The common issues (see Table 7) mentioned by at least two studies are:
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Fig. 2 Quality score for types of study (number of studies in parenthesis)

The time and effort 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 pre-
vious section). This is not only a student issue, undertaking a secondary study is also
time/effort 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 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 offer 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 pro-
cess. 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 effectively although it was a very
challenging activity.

Searching for studies can be difficult for students In this issue the researchers of the dif-
ferent studies include different stages of the SLR process, from the elaboration of the search
string to the selection of articles, using inclusion and exclusion criteria. In addition to the
clear inexperience of the students, the difficulty 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).
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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

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 stu-
dents gain better domain perception and improve their EBSE knowledge. Instructors can
also measure student progress and adjust their effort by removing or adding activities or
iterations.

Value of teaching SLRs as a team project Conducting a secondary study is challenging
and time-consuming, due to this, several authors agree that teamwork seems like an appro-
priate 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 effort than stipulated.

Table 7 Common issues and recommendations

Common issues Reported by

Time and effort 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 difficult 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

(2021) 26:Empir Software Eng 5050 Page 12 of 53



Table 8 Common benefits

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 argu-
ments

S6, S14

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 considerably if we
consider that only the S7 study has sufficiently rigorous data collection and data analy-
sis. 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 difficult.
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).

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 participated 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 training, although
very few of them are derived from the results obtained. The most reported benefits are:
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learning how to search the literature, learning about empirical 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 difficulties encoun-
tered or recommendations for future initiatives. In this regard, the evidence seems to indicate
that novice students can undertake secondary studies. However, the time and effort required
are a limitation for the practical assignment, and searching for studies can be difficult
for students. Using a project-based approach with iterations and well-focused research
questions appear to help the teaching of EBSE.

Negative effects of the training Although, seven of the papers pointed out the difficulty
of applying the technique (i.e., due to time and effort, 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 studies qualifies
as good, much information necessary to understand the teaching initiatives, e.g. the num-
ber 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 recom-
mend researchers to adopt a well-defined strategy 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 ethi-
cal aspects involved in research 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.

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 degree,
this is quite different 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
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courses. In addition, designing 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 out-
comes 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 2 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 edu-
cational approach was a brief introduction followed by a practical assignment, we
decided to use an alternating introduction of concepts and practice. 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 execu-
tion of a limited SLR as a team project, a strategy used by several previous 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 Kitchenham 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 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 categories. The reliability analysis was updated
taking these changes into account.
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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 selec-
tion of half primary studies is not the standard method data validation 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 several 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 possible 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 under-
graduate 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 effective 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 understand 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 con-
cepts and contribute to the conduct of an SLR?

RQII How suitable were the method and materials used according to the students’
perception?

RQIII What difficulties 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 Univer-
sidad 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 Curric-
ula - ACM and IEEE Computer Society 2013). The program 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 under-
graduate course on software engineering. This means that students would take this course
during the fourth or fifth year of the degree and have approximately 270 credits.
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The purpose of the course is to teach EBSE fundamental concepts and techniques 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 studies on software engineering, and participate
in the planning and implementation of SLRs.

One important characteristic of our proposal is the definition of learning outcomes (LOs)
to guide both the design of the entire course and the method we use to evaluate the course.
Appendix 2 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 2. 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 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 difficulties 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. There-
fore, 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
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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 mate-
rial selection, and classroom work methodology selection, to assignments and assessment
methods.

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 difficulties and recommendations reported in previous
studies (see Section 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 qual-
itative synthesis technique in a practical manner (LO47), we recommend the article on
thematic synthesis by Cruzes and Dybå (2011).

Students have to work on a practical team assignment, which consists of defining 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.

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 specific needs. Teams can
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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 different 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

LO10 Present the restrictions and limitations of evidence-based software engineering 3

Systematic literature reviews (SLRs) in software engineering (SE)

LO11 Describe the different stages of an SLR in evidence-based SE 2

LO12 Compare the different types of secondary studies (qualitative SLRs, quantitative
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 different search methods for primary studies 4

LO21 Describe the search completeness criteria in the different types of secondary
studies

2

LO22 Participate in the design and implementation of the search strategy for primary
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 describing
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
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Table 9 (continued)

Id. Learning outcome Bloom’s level

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 primary
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 different 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 differences 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 synthesis 6

Report a systematic review

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 diffusion

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 diffusion activities to be performed in the context of SE 2

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

Week Syllabus Materialsa Assignments

1 Basic aspects of scientific publi-
cations, 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
questions (LO16, LO17).

3 Searching for primary studies 5 Define the search strategy for your review
(LO22). Define and adjust the string for
automatic search (LO23).

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

5 Study quality assessment 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 review
(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 studies
and classify them according to commonly
used schemes and schemes specific to your
research 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
questions established (LO49), taking into
account the limitations of the review process
performed.

9 Reporting a systematic review 12 Produce a report detailing the entire process
and the decisions made (LO51).

10 Knowledge translation and diffusion 14 –

11-12 Work on team assignment

13 Team assignment monitoring

14 Deadline for team assignment and final individual testc

aWe suggest chapters from B. A. Kitchenham, D. Budgen, and P. Brereton, Evidence-Based Software
Engineering and Systematic Reviews. Chapman & Hall/CRC, 2015
bThe 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. Dybå, ‘Recommended Steps for Thematic Synthesis
in Software Engineering’, International Symposium on Empirical Software Engineering and Measurement,
no. 7491, pp. 275–284, 2011
cThe final individual test consists of a written test with open-ended questions on topics discussed throughout
the course, chosen by the teachers
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Students can discuss their problems at any time during the course through a Moo-
dle 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 typ-
ical 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 practice 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 col-
lection 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 qualita-
tive 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).

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. Participation in the
survey was optional and students were reminded that survey reports would not link scores
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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 3. 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 opin-
ions on the achievement of the course’s LOs; and the fourth introduced questions on the
benefits and difficulties of the course. The opinion form for the teams had only one section
(E) that included questions on motivation and difficulties, 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 ques-
tions 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 offering 10 additional points on top
of the 100 points total from the course assessments. We applied brevity by including ques-
tions 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
difficulty using a five-point scale with 1 meaning easy and 5 meaning very difficult. For
each phase, we counted the number of students assessing the phase in each of the 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 extracted 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
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difficulties, as well as their opinions and suggestions for improvement. The teachers pre-
pared 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 Dybå 2011). A week before the test, students were
asked to read a paper about qualitative synthesis technique (Cruzes and Dybå 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.
– 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 submitted.

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.
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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’ DebriefingMeeting

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 elab-
orated 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, 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 par-
ticipant and observer in an activity over time (Emerson et al. 2001). This method, however,
though applicable for studying and describing contexts 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 assessment 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 evalua-
tion process, 80% agreement on assigned 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
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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 students, orga-
nized 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 derived 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 using the stu-
dents’ 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 pro-
posal, 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 individually and in groups. The teachers assessed
the teaching proposal through the 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 Fig. 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 publica-
tions, some topics within qualitative synthesis, and knowledge translation and diffusion.
The LOs with one lack-of-achievement perception correspond to: basic 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.

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 learning 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 different 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).
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Fig. 3 LO achievement according to student opinion survey
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Fig. 4 LO achievement according to learning assessments from team assignment

7.2 RQII - Course Method andMaterials

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 in Appendix 4. 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.

Fig. 5 LO achievement according to learning assessments from individual tests
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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 under-
standing’. 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 engineer’s pro-
fessional 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 - Difficulties and Benefits of the Course

We also assessed the difficulties 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 4. The students considered performing an SLR
(simplified) to be difficult or moderately difficult. 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.

7.3.1 Difficulties

Figure 6 shows the results of the survey regarding the difficulty of the EBSE process (D1).
According to the individual opinion survey (C1), half the students found it difficult to

conduct an SLR while the other half found it neither difficult nor easy. Regarding the SLR
stages, the stage that most students scored as difficult to carry out was synthesis (nine stu-
dents). Secondly, the quality assessment and review report stages were ranked as difficult
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
different.

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.
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Fig. 6 Opinion survey on the difficulty of conducting an SLR

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 difficult, but the other half said this had no
influence on their work (E2).

7.3.2 Course Benefits

The students’ opinion on the course benefits (D2) includes three different 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 bene-
fits 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 pro-
fessional 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 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 theoret-
ical learning. Perhaps this is due to the course’s strong emphasis on practical activities or
the difficulties reported when using the book. In general, it was difficult for students to
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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 different 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 different since there are no perfect
solutions.

Some topics were difficult for students to understand: mapping studies, predatory pub-
lications, 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 communication through
forums (e.g., Slack), checking that students read the textbook, and submitting the final report
on Moodle.

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 univer-
sity 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 different activities of the process. Their performance in the assigned practical
work (see Fig. 4) and their opinion on the achievement of objectives (see Fig. 3) are quite
similar and give an account of the acquired skills. However, the evaluation of the individual
tests (see Fig. 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

(2021) 26:Empir Software Eng 50 Page 31 of 53 50



individual exam. This might have made their opinion on the achievement of the most the-
oretical 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 train-
ing 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 practical workload
and an alternating introduction of theoretical and practical content— seems quite adequate.
Unlike most previous studies that included a brief theoretical introduction and then a practi-
cal assignment based on the execution of a secondary study (see Section 2.4), our course is
based on a weekly theoretical-practical advance. This approach allowed detailed monitor-
ing 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 motivat-
ing for many of them, although it demanded an additional effort from the teachers associated
with understanding and following the different 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 difficulties following the textbook. 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 difficult. This might also be due to the fact that, as it is an EBSE ref-
erence book, it contains highly technical language and advanced content, thus not making
it an appropriate introductory book to novices. More research is needed to study the chal-
lenges 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 sufficiently 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 undertaking an SLR dif-
ficult. 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 different
stages of the process, gave the students sufficient time to execute the SLR. Even so, teach-
ers 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
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Section 2.5): conducting a secondary study requires substantial effort; students can do sec-
ondary 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 suf-
ficient level of research. However, we found no evidence that the search for articles was
difficult for the students; in fact, according to the opinion survey, it was the stage that the
students found the least difficult. 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 different perspective (see 7.3.2); some see
that the acquired skills can help them in their professional life in general, although others
only see a certain benefit for their academic life. Despite their opinions, it is difficult to
assess what actual benefits the students 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 contribution 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 reflect-
ing on whether EBSE should be taught, Jørgensen et al. (2005) said: ‘We cannot claim that
we have demonstrated that teaching EBSE has a significant positive effect 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 effect of teaching EBP, and specifically EBSE, in
professional practice.

Training as a facilitator to EBSE adoption We acknowledge that changing industry practice
is a different 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.
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EBSE training in industrial settings We believe that the evidence-based approach can be
very beneficial for the software industry but it needs diffusion both in academic and indus-
trial 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 practitioners (occupational therapists) was carried out. These authors
used (with good results) reflective learning, including critical incident analysis and jour-
nal 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 different 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 effects 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 Section 2.7.2 and in the authors’ participation in the case study
presented in Section 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 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 coop-
erative student behavior. Rosnow and Rosenthal (1997) refer to this behavior as the ‘good
subject effect’. 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 behav-
ior 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.
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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 including 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 FutureWork

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 under-
taking 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 teach-
ers’ 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 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 difficult (this arose both in perception of achieve-
ment and difficulty 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 thematic analysis. It is often not clear whether the-
matic analysis is viable without a good overview of the primary studies. Additionally, in
order to improve knowledge translation learning, which was another topic found difficult by
students, learning outcomes related to more practical aspects should be included. As a con-
crete 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 affect the use of knowledge (i.e. company
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size, experience of staff, 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 context. For
example, few students believed the course prepared them better for their professional prac-
tice, and many students found knowledge translation difficult to understand. Without input
from industrial case studies or reports from industry practitioners, it is difficult 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.

Appendix 1: Complementary Information on the SLR

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

1.1 Search Strings by Search engines

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

1.2 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.

1.3 Categorization Scheme and Quality Assessment

The categorization scheme included:

• Main motivation: EBSE/SLR process issues (e.g. analysis of EBSE execution -
reproducibility, effort 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
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Table 11 Adapted search strings

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 “literature review” OR slr OR “system-
atic 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” “system-
atic 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 engi-
neering” “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 “systematic literature review” OR “sys-
tematic review” OR “literature review” OR slr OR “systematic mapping” OR “mapping
study” OR “scoping study” OR SMS) AND (“software engineering”))

• 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) / Empir-
ical 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 /
Mapping 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

Table 12 Papers by search

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
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– 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 difficulties
• 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 per-
formed 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 ask-
ing questions, while the other researcher explains the extraction. We reviewed half of the
papers randomly using this method.

As the primary studies were of different types, for the quality assessment we used the
same questions as Kitchenham and Brereton (2013). This set of generic questions, originally
used by Dybå and Dingsøyr (2008), can be applied to different 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.

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 sufficiently
rigorous?

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?

(2021) 26:Empir Software Eng 5050 Page 38 of 53



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
coefficient for Question 2 and the Pearson correlation coefficient between the values for
each reviewer both for the number of relevant questions and for the average quality score
for each study.

1.4 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 dif-
ferent criteria during the individual extraction. This happened only for papers that reported
courses of a different 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

Table 13 Initial agreement in the categorization of studies

Data extracted Categories Agreement (out
of 14 assessed)

Kappa

Main motivation EBSE or SLR process issues / teaching
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 methods / Individual
projects / Software architecture / Experimen-
tal SE

11 0.736

Scope of the study
(i.e. type of practical
assignment)

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

11 0.722

Educational method-
ology

Brief introduction (1 to 3 classes) plus prac-
tical assignment / Longer lessons plus practi-
cal 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 evalu-
ation of EBSE or SLR
outcomes

Yes / No 11 0.588

Evaluation pro-
cess 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
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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 affected 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 coefficient 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 rele-
vant 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).

Appendix 2: Learning Objectives Theory and Practice

In 1991, the Learning paradigm emerged in California (Mulder 2019). It was a shift
from identification with processes to identification with results or outcomes. Under this
approach, educational 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 effectiveness 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 effec-
tively, select the most appropriate learning strategies for each objective, and help to develop
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assessments 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 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 over-
simplification 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 effort 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’. Different
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
proposals.

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 effective
(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 engi-
neering (Juristo 2007). In practice, between 2000 and 2014, 26 studies were conducted on
the application 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.
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Appendix 3: 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.

3.1 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
– 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

Literature (secondary studies)

3.2 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

knowledge 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.
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14. Teamwork allows us to integrate knowledge of different 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.

3.3 Learning Outcomes of the Course

Below are the learning outcomes (LOs) proposed by the teachers for the course. They are
organized 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.

3.4 Regarding Teamwork and the Benefits of the Course

1. Indicates the level of difficulty of the different stages of an SLR (1 = very easy, 5 =
very difficult).

– 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 difficulty of the entire SLR

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

3.5 Questions to Answer as a Team

1. Indicate how it influenced your work to have chosen your subject (motivation,
difficulty, 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 difficulty — 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 difficulties you had to face during
teamwork 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.
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Appendix 4: Case Study Additional Data

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

4.1 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.

Fig. 7 Opinion survey on general aspects of the course and teamwork
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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

– 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 tech-
nology 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
engineering

4.2 Student Opinion Survey - Team Section (E)

Question 1 - SLR topic selection by students

– It reduces the difficulty since a familiar theme is selected and/or known by the mem-
bers. 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 difficulty 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 difficulty.

– 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 difficulty
of not having too much experience on the subject, it was a limitation.
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Question 1 - SLR topic selection by students

– Regarding the bibliography being in English, two teams indicated that it was something
that caused them some difficulty (2) and two teams indicated that it had no influence
(3).

Question 3 - Biggest challenges during teamwork

– 1) The selection stage was difficult as we had some difficulties in reaching the number
of items to select. Some [papers] were discarded in advanced stages that led to redo-
ing 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 different 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 difficult to] reach conclusions about the synthesis carried
out, data crossing, how it affected 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 different,
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 difficulty 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 mod-
els presented (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.
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4.3 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

assignment 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 difficulties

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 assess-
ment 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
difficult for them to follow and somewhat boring.

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 assign-
ments.

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
disagreement between teachers when they asked us questions on different 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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ABSTRACT
Context: Evidence-based software engineering (EBSE) can be an
effective resource to bridge the gap between academia and industry
by balancing research of practical relevance and academic rigor. To
achieve this, it seems necessary to investigate EBSE training and
its benefits for the practice. Objective:We sought both to develop
an EBSE training course for university students and to investigate
what effects it has on the attitudes and behaviors of the trainees.
Method:We conducted a longitudinal case study to study our EBSE
course and its effects. For this, we collect data at the end of each
EBSE course (2017, 2018, and 2019), and in two follow-up surveys
(one after 7 months of finishing the last course, and a second after
21 months). Results: Our EBSE courses seem to have taught stu-
dents adequately and consistently. Half of the respondents to the
surveys report making use of the new skills from the course. The
most-reported effects in both surveys indicated that EBSE concepts
increase awareness of the value of research and evidence and EBSE
methods improve information gathering skills. Conclusions: As sug-
gested by research in other areas, training appears to play a key
role in the adoption of evidence-based practice. Our results indicate
that our training method provides an introduction to EBSE suitable
for undergraduates. However, we believe it is necessary to continue
investigating EBSE training and its impact on software engineering
practice.

KEYWORDS
Evidence-based software engineering, evidence-based practice, train-
ing, longitudinal case study

ACM Reference Format:
Sebastián Pizard, Diego Vallespir, and Barbara Kitchenham. 2022. A lon-
gitudinal case study on the effects of an evidence-based software engi-
neering training. In 44nd International Conference on Software Engineer-
ing: Software Engineering Education and Training (ICSE-SEET ’22), May
21–29, 2022, Pittsburgh, PA, USA. ACM, New York, NY, USA, 13 pages.
https://doi.org/10.1145/3510456.3514150

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than ACM
must be honored. Abstracting with credit is permitted. To copy otherwise, or republish,
to post on servers or to redistribute to lists, requires prior specific permission and/or a
fee. Request permissions from permissions@acm.org.
ICSE-SEET ’22, May 21–29, 2022, Pittsburgh, PA, USA
© 2022 Association for Computing Machinery.

https://doi.org/10.1145/3510456.3514150

1 INTRODUCTION
Evidence-based software engineering (EBSE) aims to improve decision-
making related to software development and maintenance by in-
tegrating the best current evidence of research with practical ex-
perience and human values [35]. EBSE has been widely adopted
by researchers. For example, Budgen et al. report having found
178 systematic reviews (SRs) published only in the most highly
ranked software engineering journals between 2010 and 2015 [9].
In contrast, little is known about the adoption of EBSE by other
stakeholders (e.g., government or industry practitioners). Although
lack of EBSE adoption is known to be a problem [13, 14, 18, 22, 34],
to our knowledge, there are only three studies that report the ap-
plication of EBSE in non-academic settings [11, 30, 42].
Other disciplines where the adoption of evidence-based practice

(EBP) is being studied and promoted, have identified the critical
relevance of appropriate training. In particular, several systematic
reviews placed the lack of knowledge and skills as one of the most
commonly reported barriers to adoption [55, 56, 61, 64].
Motivated by these findings, we have undertaken a research

program intended to contribute to improving EBSE adoption by
developing and evaluating an EBSE training initiative appropriate
for delivery in a university environment and assessing its possible
effects on professional practices.
The initial stage of our research [48], involved undertaking a

systematic review (SR) aimed at assessing previous EBSE training
initiatives, developing an EBSE course using the learning outcome
approach aimed at codifying the knowledge and skill required of
future EBSE users, and the delivery and evaluation the EBSE course
based on students’ performance and initial opinions after the course.
The research reported in this paper provides (1) further evalua-

tion of our training method, and (2) an assessment of the impact
that the training had on the attitudes and behaviors of students,
particularly those related to their working practices. After the first
couse, we delivered the EBSE course two more times and used the
same initial evaluation process as we did for the first course which
was based on surveys, focus groups, and teacher assessments un-
dertaken as part of the training module. Subsequently, to analyze
the impact of training, we conducted two surveys of the course
participants (one after 7 months of finishing the last course, and a
second after 21 months).
The remainder of this paper is structured as follows. In Section 2

we briefly summarize work related to EBSE training and the effects
of EBSE use in industry. Section 3 presents our proposal for teaching
EBSE and SRs and the context in which it was delivered. In Section
4, we specify our research objectives and questions, and describe
the research strategy that was used to address them. Section 5
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Table 1: Reported benefits of academic EBSE trainings

Benefit Reported as
results in

Acquire or improve research skills [17, 33]
Become aware of the value of aggregating evidence [5]
Learn how to search the literature and organize results [33]
Learn how to assess the relevance, validity or quality of
the information on a topic

[17]

Practice the use of digital libraries [17]

Catal [17] did not indicate how he obtained these results.

presents the data collection and analysis processes. The results
are presented and discussed in Section 6. Finally, we present our
concluding remarks in Section 7.

2 RELATEDWORK
Our study seeks to evaluate the impact of an EBSE training module
on the subsequent work practices of the trainees. So in this section,
we provide an overview of EBSE training research, and also of uses
(or proposals for use) of EBSE aimed at improving collaboration
between industry and academia.

2.1 EBSE training
Unlike other disciplines in which evidence-based practice training
is widely studied (see, for example, [23, 36, 37, 40]), there are not
many studies of EBSE training. In a recent SR [48], we found only 14
investigations of teaching EBSE (reported in 16 articles: [5, 7, 8, 15–
17, 25, 26, 29, 33, 38, 45, 49, 50, 52, 60]). The studies reported EBSE
training courses with postgraduates and undergraduate students
that took place before 2014 and were carried out by universities
in seven countries (i.e., Brazil, Canada, Italy, Norway, Turkey, UK
& USA). The main purpose of half the studies was related to the
teaching of EBSE, while the rest attempted to study either the EBSE
process or attitudes towards EBSE.
All studies included a practical assignment. Typically, it involved

participating in the conduct of a secondary study, i.e., an SLR, a
limited SLR, or a mapping study. Only three studies focussed on
teaching EBSE rather than on the conduct of SRs [29, 49, 50]. None
of the studies reported any subsequent evaluation of possible im-
pacts of the training on the professional practice of those trained.
However, three studies report benefits obtained by graduate

students from taking EBSE courses [5, 17, 33]. Table 1 summarizes
their results. Two of them reported having used questionnaires that
the students answered after finishing their practical work [5, 33].
The reported benefits were acquiring research skills, being aware
of the value of the evidence, and learning to search and organize
information. However, Catal does not indicate how he obtained his
results [17], so, despite being included in Table 1, we do not use
them in the discussion of our own results in Section 6.3.

2.2 Effects of EBSE in practice
Although EBSE explicitly includes within its steps the transfer of
knowledge to professional practice, until now more emphasis has
been placed on conducting secondary studies than on transferring

its results to practice. To our knowledge, there are only three EBSE
application reports in non-academic contexts.
First, Kasoju et al. tried to analyze and improve an automotive

testing process using among other things EBSE (which included
conducting a systematic review) [30]. The improvement propos-
als received positive comments from practitioners, although their
implementation is not reported.
Second, Cartaxo et al. reported the conduct of a rapid review (a

limited systematic review) in search of practical recommendations
that would help an agile development organization with customer
collaboration issues [11]. Although the focus was the evaluation of
rapid reviews in software engineering, it is also an application of
EBSE. Some of the study recommendations were implemented with
good results. The results of the rapid review seemed more reliable
to the practitioners than the information they usually used, which
increased their confidence in their decisions.
Finally, Lewowski & Madeyski reported the conduct of an SR

commissioned by a software development company [42], which
sought to learn about advances in predicting code smells using AI
to improve its platform for automated code review. The SR was
an initial stage in a joint research & development project between
practitioners and researchers. The use of the results by the company
is not discussed in the paper.
Two other initiatives proposed approaches to transfer knowl-

edge from scientific evidence to SE practice using EBSE as a key
practice. First, Cartaxo et al. proposed a model that uses rapid re-
views and evidence briefings (one-page reports of evidence) [12].
Second, Badampudi et al. proposed and evaluated a framework for
knowledge transfer based on: identification of knowledge (which
can be done through secondary studies), transfer to the medium
(e.g., using evidence briefings), and contextualization of evidence
(for this the authors propose the use of Bayesian synthesis) [3, 4].

Finally, another two recent publications have explicitly suggested
or proposed that EBSE may be a valuable resource to bridging the
gap between industry and academia.
Devandu et al. investigated the beliefs of Microsoft programmers

and how these were related to current empirical evidence [19]. To
achieve this, they conducted a survey of 564 Microsoft workers
and a case study. They reported that practitioners placed more
importance on personal experience and the experience of colleagues
than on empirical evidence. Therefore, the authors suggest that,
given its successful application in medicine, knowledge of EBP
might help practitioners to place more trust on verified evidence.
In an opinion article, Le Goues et al. argued that it is possible

to improve the use of research in SE, and to obtain better practical
benefits, by better organizing and synthesizing its results [39]. In
summary, they suggest the use of EBSE associated with (1) achiev-
ing consensus on a formal framework of levels of evidence (i.e.,
outcomes from secondary and primary studies) and mechanisms to
determine the level of confidence in the research results (taking into
account types of methods, execution of studies and strength of evi-
dence), (2) clearly identifying the methods and results of studies, (3)
encouraging the publication of secondary studies and (4) educating
software engineers on how to use the proposed framework.
To summarize, although there are several proposals to use EBSE

to better connect academia with industry, we do not know of any
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that propose EBSE training as the main strategy nor have we found
any studies of the impact of EBSE training on professional practice.

3 EBSE TRAINING MODULE FOR
UNIVERSITY STUDENTS

In our university, Universidad de la República, we have a Com-
puter Science (CS) curriculum (a five-year degree comparable to the
IEEE/ACM’s proposal for the CS undergraduate curriculum [27]).
The program comprises 450 credits with certain minimums by areas,
e.g. 70 credits in Mathematics. One credit corresponds 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.
In 2017, we introduced a non-mandatory EBSE and SR course.

To take our EBSE course, students must have passed the mandatory
course on SE. So, students would take this course during the fourth
or fifth year of their degree (270 credits approx). In addition, the
EBSE course gives students 7 credits upon approval.
We aimed to teach EBSE fundamental concepts and techniques

for practical use. After the course, students should understand fun-
damental EBSE concepts, identify SE issues that may be addressed
by using evidence, assess published secondary studies on SE, and
participate in the conduct of SR. A limitation of our course was that
it emphasized conducting SRs more than EBSE [48].
We used learning outcomes (LOs) to guide both the design of the

course and themethodwe use to assess it. LOs specifywhat students
are expected to know, understand, or be able to demonstrate after
the course [32]. Due to this paper’s focus, we do not discuss the LOs
in detail, instead, we describe the course, and the results, in terms
of topics (which group several LOs). The details of the LOs used for
the course can be found in our previous study [48]. However, we
present two LOs as an example (they should be read as knowledge
or skills that the student will achieve by the end of the course).

• Describe the protocol sections of an SLR.
• Participate in the selection stage of primary articles for an
SLR with multiple reviewers

In summary, we specified more than fifty LOs that defining a
syllabus that aims to promote the practical application of EBSE,
this includes:

• Basic aspects of scientific publications (e.g., how to distin-
guish between scientific papers from other types of publica-
tions) and introduction to research in SE (e.g., what research
methods are commonly used in SE and for what purpose).
These topics are necessary to understand EBSE and it is nec-
essary to include them because many students do not know
them when taking our course.

• Introduction to the evidence-based paradigm and character-
istics of SRs in SE. Based on chapters 1 to 3 of the reference
book on EBSE and SRs [34].

• The process of an SR and characteristics of each of its stages.
Namely, SR planning, search for primary studies, study selec-
tion, study quality assessment, data extraction from primary
studies, analysis in mapping studies, qualitative syntheses,
reporting of an SR, and knowldege translation and diffusion).
Based on chapters 4-10, 12 and 14 of the EBSE book [34].

The course was organized as an alternating introduction of theo-
retical and practical content and a weekly follow-up of the students’
progress in their team assignment (i.e., the conduct of a secondary
study). In addition, based on the difficulties and recommendations
reported in previous EBSE training studies [5, 7, 15, 16, 29, 33, 38,
45, 49], we chose the following principles to develop the course:

• The students’ team assignment workload would be limited
in some stages of the EBSE process.

• Students would be assisted by teachers to choose their review
topic.

• Students who needed to perform iterations in some stages
of their team assignment would be supported.

The course was 14-weeks long and had one non-compulsory
on-site class a week that is 3.5-hours long. Table 2 shows the top-
ics of the classes and the team assignments scheduled for each
week. During weeks 11-13 students work on completing their team
assignments.
As a practical team assignment, students were required to define

and conduct guided activities for an SR. Each team chooses the
topic of their SR and the research questions, according to their
own interests. The teachers guided them in their selection so that
the work, both in scope and complexity, could be tackled in the
time available. The teams were made up of two or three students
who worked together throughout the course and delivered the
final report of their SR in week 14. The weekly class covered the
theoretical content of a stage of the SR, which the students then
applied to their own SR before the next class.
Most classes had two main parts: a lecture by a teacher and a

reserved time for teamwork and questions to teachers. The lectures
usually took less than an hour during which the teacher explained
the main concepts of the SR stage that were studied that week.
Students were asked to pre-read the material, which was made up
of chapters from the EBSE book [34]. Subsequently, the teacher pre-
sented the weekly assignment task, which consisted of completing
the activities of the SR stage previously discussed.
Students could ask questions or present problems they had about

the assignment for the current or previous weeks. The two teachers
answered questions and were present in the classroom for the entire
class. Students were expected to spend four hours weekly outside of
the classroom to complete the required assignment. To discuss their
problems during the course, students could use a Moodle platform
site, where teachers published material and answered questions.
The basic format of the course was unchanged through all three
years. In 2018, the course content was extended to introduce rapid
reviews and evidence briefings, but otherwise unchanged.
Sebastián Pizard was not only responsible for the design and eval-

uation of the course, but he was also lead researcher of the course
evaluation and one of the two teachers on each of the three courses.
During 2017 and 2018 he was accompanied by Fernando Acerenza
and in 2019 by Cecilia Apa. All three are active researchers with
completed master’s degrees and eight years (or more) of experience
of conducting lectures and tutorials.

4 RESEARCH GOALS AND METHOD
The overall objective of our research program is to contribute to the
understanding of training as a facilitator for the adoption of EBSE.
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Table 2: Course timetable, including class topics and student assignments.

Week Topics Team assignments

1 Basic aspects of scientific publications, Introduc-
tion to SE research, Evidence-based paradigm,
SRs in SE

Classify the sections of a scientific paper.

2 Planning an SR Establish the purpose and the need for the SR to be performed by each team. Propose and
validate the research questions.

3 Searching for primary studies Define the search strategy for the SR. Create and validate the search string.
4 Study selection Define inclusion and exclusion criteria for the SR. Define and conduct the selection process,

obtaining 20-30 primary studies per student.
5 Study quality assessment Define and conduct the quality assessment procedure for the selected primary studies.
6 Data extraction from the studies Define an extraction form and use it to extract data from the primary studies.
7 Mapping study analysis Classify primary studies according to commonly used schemes and schemes relevant to the

research questions.
8 Introduction to data synthesis, Qualitative syn-

thesis
Use qualitative synthesis to answer the research questions, considering the limitations of the
review process.

9 Reporting a systematic review Report the results and the whole process.
10 Knowledge translation and diffusion -
14 Deadline for team assignment

In this article, we extend the evaluation of our training module
reported in our previous study [48] to include data from two more
years, and we report the impact of the training on the participants’
subsequent working practices. Specifically, our research questions
are:

RQ1: Is our EBSE course adequate to train undergraduate
students?

RQ2: Does our EBSE course have any impact on the working
practices of the students?

We consider that course adequacy (RQ1) is directly related to
the successful achievement of the predefined LOs by the students.
These LOs (and the teaching methodology used) are intended for
students to understand EBSE and apply it by conducting the steps of
the SLR process. The achievement of these LOs (as explained below)
was assessed through teacher evaluations of student’s assignments
and the perceptions of the students themselves.
Similarly, we consider as impacts of the EBSE course (RQ2) any

change in attitudes and behaviors of students caused by what they
learned. The possible impacts were investigated surveying the stu-
dents, with which the results are associated with their perceptions.
Furthermore, we cannot isolate our course from the rest of the
curriculum, with which it could be thought that students would
exercise some EBSE practices in other courses. From our knowledge
of the curriculum, we understand that there are no other courses
that include our syllabus and that this should not be a threat to our
work.

We treat our study as a longitudinal case study, which, according
to Yin, seeks to study ‘how certain conditions and their underlying
processes change over time’ [63]. Fucci et al. argue that longitudinal
studies are useful to study a particular event and its impact, for
example, the introduction of a practice in a company [21]. This
research method enables studying dynamics of change in complex

and changing contexts such as those related to software engineering
[44], and, therefore, to investigate the effects of learning EBSE.
The collection of data in different waves (i.e., separate time peri-

ods) allows better understanding of the evolution of the impact of
training. In particular, we can study both their initial impressions
of EBSE and any subsequent impact on their professional practice.
The data collection waves carried out are summarized in Figure

1. Since it is a longitudinal study, certain aspects of our research
design are worth mentioning [20]. The amount of time between
the waves was chosen for convenience and based only waiting a
reasonably long period between the end of the course and circu-
lating our surveys, because we wanted to allow enough time for
participants to encounter opportunities to use their training. We
sought the participation of all the students of the three courses. Data
collection was always anonymous (the tools used allowed checking
a single response per subject). Anonymous collection has certain
advantages [2]: (1) participants respond more honestly if they trust
that they cannot be identified in any way, (2) anonymous data re-
duces confirmation bias, and (3) anonymous data collection helps to
comply with ethical and legal requirements. The most notable dis-
advantage, in our case, is that we cannot perform intra-individual
comparisons across time. We consider that the design used was
adequate to meet the research objectives, which are exploratory,
while also encouraging participation. The unit of analysis used for
most analysis was data from individual students. However, some
course assessments were based on the assessment of team projects.
To improve reliability (e.g., to avoid misinterpretation of the

data), we used a rigorous pre-planned analysis process. We also
used two approaches proposed by Runeson et al. to improve re-
liability [53]: systematic tracking of all data, and peer debriefing
(i.e., participation of at least two researchers). In addition, to en-
hance reporting clarity and completeness, we used the O’Brien et
al. checklist for reporting qualitative research [46].
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Figure 1: Summary of research waves.

5 PARTICIPANTS, DATA COLLECTION AND
DATA ANALYSIS

This section describes the participants, and presents details about
data collection and analysis.
The data collection and analysis procedures can be separated

into those performed for the course delivery data and those carried
out in the follow-up surveys. All of the surveys were designed and
conducted following guidelines and recommendations proposed in
the literature [31, 59].

5.1 Subjects Selection and Ethical Issues
Each student was the main unit of analysis, however, on several
occasions, it was necessary to analyze student teams, e.g. while
assessing their practical assignment. Our course is non-mandatory
and students were encouraged to take it by a typical course infor-
mation entry on the university website.
During the first class of the course, the teachers explained to the

students that they were researching on EBSE training, and reported
the aims and the data collection procedures that they planned to
use. They were also told that the information collected was to be
managed confidentially (i.e., course assessment reports would not
link grades or test scores to individual students or teams), that
participation or not in the study would not affect their learning
experience or evaluation, and that they could withdraw from the
study at any time without leaving the course. For each of the three
courses, all students agreed to participate voluntarily and signed
an informed consent form.
When asked to answer each of the two follow-up surveys, the

students were also reminded about the objectives of the research,
the need for accurate and honest answers, and the confidentiality
of any reported information.

5.2 Courses data collection and analysis
During each course (2017, 2018, 2019), we collected quantitative and
qualitative data. The data include the students’ opinions - collected
through a survey (will be referred to as SU) and a focus group
(FG) - as well as the academic results obtained from the learning
assessments (LA). The survey and the focus group were carried out
in the last class. The learning assessments include grades achieved
in team practical assignments and individual written tests.
The analysis presented in this paper does not include the indi-

vidual written tests. In these tests, the results obtained were quite

satisfactory in all the courses, although not comparable, since their
questions sought to evaluate different learning outcomes.
The details of the data analysis process can be found in our

previous study [48]. As significant changes we can report:
(1) We counted students’ responses towhether they hadwork ac-

tivity or not and their weekly workload (all obtained through
SU). Work positions were analyzed and classified using de-
scriptive coding and the constant comparative method.

(2) Students’ opinions (SU) and teachers’ assessments (LA) of
the achievement of learning outcomes (initially expressed
by using a five-point agreement scale) were grouped and
counted as positive or negative.

(3) Students’ opinions on the benefits of the training (SU) were
grouped according to similarity. Opinions that indicated ben-
efits in their work practices were analyzed using descriptive
coding and the constant comparative method.

5.3 First follow-up opinion survey
Seven months after finishing the last course we conducted the first
follow-up survey. The main purpose of the survey was to collect
the former students’ opinions about any impact the EBSE course
had on their work and academic practices. It is worth mentioning
that at that time we wanted to know any impact of the course,
although later in the following survey we asked only for effects on
professional practices.
The three authors defined the purpose of the post-course survey

and the initial draft of the survey. Subsequently, Pizard created the
questionnaire, which was reviewed by Kitchenham and Vallespir.
The self-administered questionnaire had six questions. We used a
set of closed and open questions to allow participants to explain
their answers more completely. The questionnaire was designed in
SurveyMonkey and was available from June 23 to July 2, 2020.
The translation of the survey questions (originally in Spanish) is

reproduced below, the flow of the survey is presented within square
brackets.

F1 What year did you take our EBSE course?
– 2017 / 2018 / 2019

F2 After finishing the course, have you used any of what you
have learned in your professional or academic practice? For
example, some of the following activities.
– Conducting a secondary study (systematic review, mapping
study, or rapid review).
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– Using an existing secondary study (systematic review, map-
ping study, or rapid review).

– Using search engines for scientific articles.
– Undertaking a critical appraisal of reports that compare
different technologies.

– Other activities, indicate which.
F3 [If at least one option selected in F2] Do you think the course

adequately trained you for those activities? Please explain
your answer in detail.
– Yes / No / Comments

F4 [If empty answer to F2] Do you think that your knowledge
about EBSE could be used in the future? For what?

F5 Did knowing about EBSE MOTIVATE you to improve or
change any activity in your professional practice related to
software development?
– Yes / No

F6 [If answer to F5 was ’Yes’] In which activities, tasks, problems
or situations do you perceive that you have changed after
learning about EBSE?

To analyze F1, F2, F3, and F5 we counted the number of responses
in each category. In F3, F4, and F6 the textual responses were col-
lated and we used descriptive coding and constant comparative
method to classify the responses.
Initially, Pizard performed all of the analysis described above.

Then, Vallespir verified the result of the quantitative responses,
reviewed the coding of the F1, F2, and F3, and did a separate anal-
ysis of F6. Subsequently, in two meetings they both reached an
agreement on the coding of all the questions. Finally, Pizard made
the grouping of the final codes and description of the results.
As an example of the qualitative analysis carried out, Figure 2

presents the coding of some F6 responses, including the codes iden-
tified by each researcher and the result of the agreement meeting.

Figure 2: Fragment of coding for question F6 (‘Changes mo-
tivated by knowing EBSE’).

5.4 Second follow-up opinion survey
Finally, twenty-one months after finishing the last course we con-
ducted a second follow-up survey. With this survey, we investigated

whether the students had used their training in professional prac-
tice (rather than an academic context) identifying which skills had
been used and how often specific skills were mentioned.
Again, we designed a self-administered questionnaire with a set

of closed and open questions. The questionnaire was designed in
Google Forms and was available from August 27 to September 3,
2021. The translation of the questions (originally in Spanish) and
the flow of the survey are shown below.

S1 Are youworking or have youworked in the software industry?
– Yes / No

S2 Have you found useful in your professional (NOT academic)
practice what you learned in the EBSE and SRs courses?
– Yes / No

S3 [If answer to S2 was ’Yes’] Indicate what news skills from the
course you used or found useful. If you can, add examples.

S4 [If answer to S2 was ’Yes’] On a scale from 0 (not at all) to 10 (all
the time), how would you rate the frequency in which you use
or have used things learned in the course in your professional
practice?
– 0 / .. / 10

We counted the answers to each category of the closed questions.
The textual responses to the open questions were collated and we
used descriptive coding and the constant comparative method to
classify the responses.
Initially, Pizard performed all of the analysis described above.

Subsequently, Vallespir reviewed the results. In a meeting, differ-
ences were discussed until an agreement was reached. Finally,
Pizard did the final aggregation of codes and the description of
the results.

6 RESULTS
Figure 3 shows demographic information describing our students
obtained from the end of course survey. In particular, Figure 3
reports the percentage of male and female students, their age range,
and details of any paid employment. Three students reported having
more than one position (e.g., team leader & software developer),
which we assume means they take on different roles in different
projects. The vast majority of the students had worked in industry,
and most of the positions that they held were technical rather
than managerial. Our university is public and free of charge, and
there is a lot of demand for IT workers. This is why most of our
undergraduate students have part-time or full-time jobs in their
last two years of studies.

6.1 RQ1: Is our EBSE course adequate to train
undergraduate students?

The evaluation results for each course and for the first follow-up
survey are summarized below.

Courses evaluations. The three courses were taught one per year,
from 2017 to 2019. Students’ attendance was 10, 18, and 16 respec-
tively. All students passed the module.
To assess the adequacy of our course we investigated (1) the

levels of achievement of the learning outcomes, both perceived
by the students and those assessed by the teachers, and (2) the
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Figure 3: Students demographics

students’ opinions of the course, based on the survey and the final
focus group.
First, we studied students’ opinions and teachers’ assessments of

the achievement of learning outcomes, which were initially rated
using a five-point assessment scale. Assessments allocated to scale
points 3, 4 and 5 indicated that successful understanding and use
of a topic was achieved1. The subject success rate for a topic was
calculated as the percentage of subjects who judged their own
personal achievement to be successful for that topic. The team
success rate was calculated as the percentage of team projects that
were judged as successful for a specific topic by the course teachers.
The left section of Table 3 shows the student-assessed success
rates and the right section shows the teacher-assessed success rates
for the team project. Topics that were not evaluated in the team
assignments were left blank.
Looking at the self-assessment results, the learning achievement

levels of all the topics seem quite good, since success levels are 65%
or above in all years. Some topics seemed consistently difficult to
learn. Study selection, qualitative synthesis, and knowledge trans-
lation and diffusion were the three topics that some students in
each year found relatively difficult. With respect Knowledge trans-
lation, a limitation of the course was that it did not include any
practical examples. For example, one student pointed out ‘I consider
that I couldn’t adequately address these objectives [those related to

1The five-point agreement scale used was: 1. Not achieved at all | 2. Very little achieved
| 3. Satisfactorily achieved | 4. Almost completely achieved | 5. Completely achieved

Table 3: Student self-assessments of their learning achieve-
ments and teachers assessments team-based learning
achievements.

Student self-
assessed success
rate

Teacher-assessed
project success
rate

Topic 2019 2018 2017 2019 2018 2017

Basic aspects of scien-
tific publications

96% 91% 97% - - -

Evidence-based para-
digm

90% 96% 95% - - -

SRLs in SE 100% 100% 100% - - -
Planning 97% 100% 95% 94% 81% 92%
Search 93% 94% 98% 100% 100% 100%
Selection 84% 86% 92% 92% 93% 100%
Quality assessment 88% 97% 100% 83% 64% 100%
Extraction 98% 100% 100% 100% 100% 100%
Mapping study analy-
sis

94% 93% 97% 83% 86% 75%

Synthesis 93% 89% 94% 100% 71% 100%
Report 100% 100% 100% 100% 86% 100%
Knowledge transla-
tion

65% 80% 80% - - -

SR process 100% 100% 100% 100% 100% 100%
SE Research 95% 94% - - - -
The number of observations corresponds to the following detail. In 2017, 10
students & 4 teams. In 2018, 18 students & 7 teams. In 2019, 16 students & 6 teams.

Knowledge translation] because, since there is no practical instances
[in the course], and only remain theoretical, I couldn’t understand it
well’. For the other two topics, we did not find specific causes that
explain why success was low nor why succes rates varied over the
years, and we assume it is a natural result of dealing with different
courses and different cohorts of students.
In the teamwork assessment, both planning and mapping study

analysis caused problems for a minority of teams in all three years.
Thus, overall, learning achievement levels were mostly satisfac-

tory, and problem topics were relatively consistent.
Students from all three courses expressed general satisfaction

with the training. In all the focus groups held at the end of each
course, the students expressed a positive opinion about the weekly
work dynamics, i.e., the introduction of theoretical concepts and
practical work in teams. They also valued positively the role of a
practical assignment within the general course marking process.

Post-use evaluation. In the first follow-up survey, seven months
after finishing the last course, we asked the students if they had
used lessons learned from the course and if the training received
had been adequate for that use (see first survey, question F3).
All students who reported using EBSE (89% of the total) indi-

cated that the course trained them adequately. Five students added
comments on the adequacy of the course. Four students confirmed
in their comments that the course was complete. Although two
added that it was complete considering it was a short course and
another that it seemed complete given their superficial use of EBSE.
Finally, another student indicated that the workshop approach and
teamwork were aspects that greatly helped learning.
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6.2 RQ2: Does our EBSE course have any effects
on the working practices of the students?

The effects of EBSE training on students’ attitudes and behaviors
were studied in three instances: in the final survey of each course
and in the two follow-up surveys. The results obtained are presented
following the same sequence.

Perceived benefits of the course. The students’ opinion about the
benefits of training2 is grouped into three perspectives. Figure
4 summarize their opinions. It also includes the analysis of the
responses that indicated benefits in the work practices, since they
are the results of interest to answer our research question.
First, 45% of the students had, what we considered is, a pragmatic

view and felt that the course helped them understand EBSE or
how to conduct an SR. A student summarized the training benefits
as follows: ‘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’.
Second, 30% of the students reported that after taking the course

they have a tool to carry out more reliable research in software
engineering. Two students thought that they did not see it as appli-
cable in the industry, one of them explained: ‘Although we learned
an interesting method for research in software engineering, for now I
do not see it as very applicable in my working life’.
Finally, 25% believe that the course prepared them for better

professional practice. In this regard, a student said: ‘On the one
hand, [the course allowed me] to become more aware of all the baseless
decisions that are made in our field. On the other hand, [I achieved]
a greater knowledge about scientific studies and the different search
engines’. The most perceived benefits were: improving information
searching skills, having a new tool to support decision-making, and
being aware of the value of the evidence.

First follow-up survey. The survey was answered by 37 students,
out of a total of 44 who took one of the courses (i.e., a response rate
of 84%). Figure 5 summarizes the results related to the impact of
the EBSE course on the former students’ behavior. To investigate
this impact we used three students’ views: experiences of using
concepts learned in the course, their perspectives of using concepts
in the future, and changes the course motivated to their working
practices.
EBSE usage experiences. The majority of students (89%) indi-

cated having used concepts learned in the EBSE and SRs course
(see the upper part of Figure 5).
Six students added answers in the free text option ‘Others’. One

of them did not answer the question so it was discarded. Of the
other five responses, all referred to the use of what was learned
in the course (e.g., reading SRs or execution of some stages) in
academia, that is, in their capstone project (4) or in other courses
(1). We accumulated and highlighted in red in Figure 5 any of these
responses that semantically correspond to a category not previously
selected by the student.
Themost frequently performed activity was using search engines

to retrieve scientific articles, 73% of those surveyed indicated having
done this after completing the course. Using a secondary study and

2The question asked to the students was: ‘[SU-C1] Indicate, according to your criteria,
what are the main contributions of the course to your education’.

critically evaluating reports that compare technologies were the
next two most performed activities (38% and 35% of respondents
respectively). Lastly, conducting a secondary study was the least
frequently performed activity, although it was done by 6 (16%) of
the students surveyed.
Prospects of using EBSE concepts Four students (11%) indi-

cated that they had not used concepts they learned in the course.
Three of them responded about prospects for using ideas from
the course in the future. One student expressed that a scientific
approach is very valuable in decision-making but concludes that
it is difficult to apply outside academic environments. The other
two students thought that their EBSE knowledge could be useful
in the future: to investigate industry-related topics, as a tool in the
capstone project, and to analyze scientific papers).
Changes motivated by knowing EBSE. Almost half of the

respondents (49%) indicated that knowing EBSE motivated them to
change their working practices. The activities in which the students
noticed changes are shown in the lower part of Figure 5.
For 30% of the surveyed students, knowing EBSE motivated them

to change the way they seek information. Some of them reported
using EBSE to search for information for new or unusual problems,
on topics with little information available or on topics about new
technologies. Others said that the new knowledge allowed them to
search more comprehensively or to use more reliable sources. One
of them recognized changes in: ‘looking for bibliography of reliable
sources, and it improved my judgment for choosing papers’.
Students also identified information assessment and the value

of the evidence as activities that were positively influenced by the
course (22% and 14% respectively). Both of these skills are related
and indicate enhancement in the students’ abilities to evaluate the
information they collect or receive. One student said: ‘For example,
before I used to assess certain methodologies in software engineering
based on my own perception or comments from other people, now I
try to read more studies to have a more educated opinion, for example,
in which scenarios it’s really useful to apply TDD’.
Some students also indicated improvements in their technical

writing skills (14%), problem-solving skills (5%), and communica-
tion skills (5%). To illustrate the latter, some students reported being
able to better communicate or substantiate their ideas. These im-
provements may not solely be due to the knowledge of EBSE, but
may also be due to the methodology and activities of the course.
Finally, one student reported a better understanding of the scien-

tific research process, and another to have carried out a secondary
study in their academic activity.

Second follow-up survey. The second survey was answered by 29
students (i.e., a response rate of 66%). All indicated that they were
working or had worked in the software industry (S1).

A 55% of respondents foundwhat they learned in the EBSE course
useful in their (non-academic) professional practice (S2). Figure 6
shows skills from the course that respondents indicated were useful
or used (S3), and the frequency of use (S4). In S3, many students
did not indicate skills learned in the course that they use (what
was requested) but the activities improved by the training. Since
both correspond to the effects of the training, our analysis of that
response includes both useful new skills and activities enhanced by
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Figure 4: Perceived benefits of the course (Nov 2017, Nov 2018 & Nov 2019).

Figure 5: Effects of the course on students’ working practices (June 2020).

the training. One of the answers to S3 did not answer the question
so it was discarded.
Four out of ten of those surveyed said they have improved the

way they search for information after taking the course. On this a
student commented that now they can: ‘recognize useful information,
from reliable sources and carry out more precise searches’.
A fifth reported using scientific literature after taking the course.

One former student said: ‘I learned to use scientific articles as a
source of information and evidence on a day-to-day basis (and how
to search for them correctly) [. . . ] It also helped me to look for reviews

at times I wanted to know quickly the state of the art on a specific
topic’. Related to this, two students also reported understanding
the scientific research process was a useful new skill.
As in the previous survey, some of the former students reported

improvements in their abilities to assess and value the information,
both in the evidence assessment and in the analysis and evaluation
of information. Two students also indicated that they were more
aware of the different types of publications. One of them claimed: ‘I
also believe that the training from the course allows me to identify the
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Figure 6: Effects of the course on students’ working practices (August 2021)

different types of papers, whether they are primary studies, reviews,
etc. and this is essential when looking for information’.
Some students also reported using evidence. In our course, we

do not teach concepts and techniques to address in detail the use of
evidence and students may not know if they are actually using evi-
dence. This is a non-trivial problem, for example, the term evidence
is already controversial in other areas [54].
Other impacts of the EBSE training were reported to be: aware-

ness of the evidence-based practice, using secondary studies, im-
proving research skills, and conducting secondary studies.

6.3 Discussion of findings
Several aspects of our results deserve reflection and analysis.

Course adequacy. Our training was perceived as adequate by
the teachers when assessing students’ teamwork assignments and
by the students themselves at the end of each course and after
they tried to use what they learned in practice. In the latter case,
all students who reported using what they were taught found the
training adequate.
In health care and medicine, there is a greater formalization of

the teaching of evidence-based practice (EBP), for example, there
are proposals for EBP core skills (see for example [1]) and recog-
nized tests for the minimum skills required [51]. These disciplines
have stringent accreditation requirements because of their direct
impact on human welfare. However, having such tools in software
engineering could help us to better and more consistently assess the
adequacy and the effects of EBSE training. Our training proposal
is based on the concept of learning outcomes (see [48] for the full
description) that could be used as a starting point for discussions
on this issue.

Effects of EBSE training. Although few students reported having
read or participated in the conduction of secondary studies, their
responses confirm that the training allowed them to learn and apply
the principles of evidence-based practice. The most reported effects
in both surveys were: improvements in information search and
analysis skills, and awareness of the value of the evidence. In the
second post-course survey, the use of scientific papers was also
frequently mentioned. The students reported different frequencies

of use of the EBSE-related skills, but overall usage appears to be
more than sporadic.
In brief, our EBSE training provided the students with an aware-

ness of research and scientific evidence and improved their informa-
tion gathering and information literacy skills. All of these effects are
consistent with previous research assessing the impact of EBP train-
ing. For example, several nursing studies report that EBP training
improves students’ search skills and information literacy skills [23],
and also improves students’ research skills and their confidence in
research [47].
The effects of our training are consistent with the initial opinions

of the students about the benefits of the course. Also, they are
consistent with the previous studies on the benefits of learning EBSE
(i.e., improvements in research skills, awareness of the value of
adding evidence, and improvement in the search and organization of
information [5, 33]). This could indicate: (1) a relationship between
initial attitudes to EBSE and subsequent use of EBSE-related skills,
and (2) that opportunities for individuals to reflect on the benefits
of a training course could help them to identify ways to use EBSE
related-skills at a later date. The first issue is under study in other
areas of EBP. For example, it has been shown that knowledge of EBP
and practitioners’ attitudes towards EBP influence its adoption [58]
and that attitudes towards EBP are considered key for its adoption
[62]. The second issue requires further research, for example, by
exploring reflective instances in groups and investigating whether
early adopters can influence other students.
Our results seem to indicate, we believe for the first time, that

EBSE training makes practitioners more confident in the value of
scientific evidence and fosters its use for support decision-making.
To our knowledge, this is also the first study that provides support
for the potential of the proposals (i.e., [19, 39]) to use EBSE to bring
practitioners closer to scientific evidence and collaborate in closing
the gap between academia and industry.

Future of EBSE education. Currently, curricula guides for under-
graduate students in CS and SE do not consider evidence-based
practice [27, 28]. Certainly, more studies are needed to justify the
inclusion of EBSE, for example, in crowded curriculums common
in Europe and the USA.
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However, in other disciplines, EBP teaching is more strongly
promoted given the benefits of its use by practitioners. For example,
evidence-based practice has been included as a core component
of the curriculum of undergraduate, postgraduate, and continuing
education of health programs throughout the world, and many
accreditation boards also expect all clinicians to have competent
training in EBP [1].
It is also necessary to point out that, from our understanding,

each discipline has its own tailored content and approaches to
teaching evidence-based practice. This seems to be also the case
in our field, although EBSE appears to be similarly teachable to SE
and CS students. This study serves as a sample of this since in our
university there is a unique curriculum (in particular, CS focused).
Given the continuous renewal of our discipline, it may be neces-

sary to reimagine what skills tomorrow’s software engineers will
require and explore ways to bring their practice closer to scientific
evidence. To our knowledge, there is a lack of studies on the bene-
fits of adopting EBSE in non-academic environments. Even so, we
believe it is important to begin to discuss the inclusion of EBSE
teaching in curricula guides, since, as our results show, its teaching
can contribute to its adoption and to the use of scientific evidence
in professional practice. As Mary Shaw, in the first prospects on the
teaching of SE, claimed: ‘The greatest danger to software engineering
curriculum designers is lack of imagination’ [57].

6.4 Limitations of this study.
Although the results reported in this study have addressed the fact
that our previous evaluation of the training module was based on
a small sample, many of the limitations discussed in our previous
paper [48] apply equally to this study. In particular, the limita-
tions related to the good subject problem among voluntary par-
ticipants, using incentives to encourage participation at the end
of each course, and the course emphasis on SRs rather than EBSE
apply also to this study.
Question F6 of the first follow-up survey caused some confusion.

The question is a continuation of question F5 and it sought to
investigate which activities of their working practices the students
had improved from learning EBSE. Two responses out of a total of
18 included references to academic (and non-professional) activities.
Many other answers did not indicate whether they correspond to
professional or academic activities. Nonetheless, we did not discard
data during analysis, because it confirms that EBSE training has
general benefits to undergraduate students. In the second follow-up
survey we specifically investigated benefits related to the students’
industry-related working practices.
Surveys rely on respondents’ reflection and reporting on their

attitudes and behaviors, and this can bias the results in different
ways [41]. For example, people tend to remember events that are
most important to them. Although we tried to mitigate its effects
by asking participants several different questions about the same
issue and requesting examples to support their previous answers,
our results must be considered with this limitation in mind.

7 CONCLUDING REMARKS
Our study reports that EBSE training has positive impacts on the
professional practices of those trained. In particular, the majority

of our EBSE course students reported using their training, not just
in an academic context, but also in their jobs in industry. They
reported a greater awareness of research and evidence, and im-
provements to their information search and analysis skills. As a
consequence, EBSE training could be useful to train practitioners
in concepts and techniques of evidence-based practice but also to
foster collaboration between industry and academia.
The major novelties of our study are that it:
• Involves the delivery of three courses of EBSE and SRs to
university students based on a predefined set of learning
outcomes.

• Is an attempt to evaluate the impact of an EBSE training on
the attitudes and behaviors of the trainees (particularly, in
their work practices) in different periods.

• Confirms that EBSE training has enabled more than half of
students to enhance their work practices, by improving their
information gathering and analysis skills, and through better
awareness of evidence and research.

• Confirms that the benefits of teaching EBSE are similar to
those obtained from teaching EBP in other disciplines.

• Suggests that EBSE training improves the performance of
novice industry practitioners not just individuals with con-
ventional decision-making roles such as senior software en-
gineers or project and quality managers.

EBP training in medicine has been shown to be more effective
if it is integrated or supported with clinical practice [24, 37], also
bringing practitioners even closer to scientific evidence. This could
be achieved in EBSE training, for example, by teaching EBSE using
scenarios of use of evidence created together with practitioners
(as suggested by Manns and Darrah [43]). Knowing the decision-
making process in the software industry seems to be the key to
orienting EBSE training to the needs of the industry. To address
this, it could be useful to survey managers of software companies
asking them who makes decisions about SE methods and tools and
how such decisions are made. It has been suggested that analyzing
and making the decision-making process visible can improve EBP
adoption [6]. In addition, using theoretical proposals for studying
the decision-making process (e.g., [10]) could also contribute in this
direction.
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A B S T R A C T

Context: Evidence-based practice (EBP) has allowed several disciplines to become more mature by emphasizing
the use of evidence from well-designed and well-conducted research in decision-making. Its application in SE,
Evidence-based software engineering (EBSE) can help to bridge the gap between academia and industry by
bringing together academic rigor and research of practical relevance. To achieve this, it seems necessary to
improve its adoption.
Objective: We sought both to study the attitudes towards EBSE of stakeholders working in a government
agency (GA) and to assess whether knowledge of EBSE would impact their working practices.
Method: We conducted a multi-stage field investigation in an Uruguayan national GA that is responsible for
digital policies. First, we organized an EBSE awareness lecture and we collected and analyzed participants’
perceptions of the value and limitations of EBSE. Sixteen months later, in a second stage, we contacted the
agency and asked participants whether they had made use of the information about EBSE we presented to
them.
Results: Initially, participants reported that EBSE seemed useful for tackling challenging problems and, in
particular, considered its use appropriate given the agency’s responsibilities. Perceived barriers to EBSE
adoption were the need for institutional support, the lack of government practice reports, inadequate skills
or motivation, the cost of conducting systematic reviews, and the lack of evidence about emerging issues. In
the follow-up survey, although the participants were not undertaking systematic reviews themselves, many
reported improvements in how they searched for and evaluated information to support their work.
Conclusion: Our study presents some insights to better understand EBSE adoption. With the exception of
GA-specific issues, perceived value and barriers to adoption were consistent with those reported in software
engineering and other disciplines. Our follow-up study confirms the potential value of evidence in the context
of IT regulatory and government bodies.

1. Introduction

In medicine, the use of evidence-based practice (EBP1) has made
it possible to address the information needs of practitioners without
detracting from the rigor levels of the research community [1]. Kitchen-
ham et al. introduced EBP into software engineering (SE), calling it
evidence-based software engineering (EBSE) [2]. EBSE aims to improve
decision-making related to software development and maintenance by
integrating the best current research evidence with practical experience
and human values.

In practice, aggregating scientific results, interpreting them, and
using them in professional practice occurs from the interaction of

∗ Corresponding author.
E-mail address: spizard@fing.edu.uy (S. Pizard).

1 In this paper, we use EBP as a generic term when our comments relate the use of evidence in any applied discipline. We use EBSE when our comments
concern the use of evidence in the context of SE, CS and IT only.

various stakeholders, in different social processes (e.g. including the
interpretation and discussion of evidence by professional networks
and communities of practice) [3]. The complexity of these processes
and the importance of considering different stakeholders were pointed
out in the first EBSE paper [2]. In particular, the authors reflected
that the adoption of EBSE would require ‘extensive collaboration and
long-term commitment among individual research groups worldwide, and
active support from other stakeholders such as practitioners in industry,
certification bodies, etc’.

In healthcare, Government agencies (GAs) are considered key stake-
holders in EBP adoption as they support the conduct of SRs, promote
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good practices and define acceptable levels of quality. For example,
the Agency for Healthcare Research and Quality [4] within the United
States review relevant literature and prepare evidence reports, and help
to translate them into practice and teaching programs. Another example
is the UK National Institute for Health Research whose Systematic
Review Program supported the conduct or update of more than 1500
SRs during the years 2007–2011 which impacted more than 240 sets
of practice guidelines [5].

In our field, Unterkalmsteiner and Gorschek’s work confirms that
GAs can benefit from SE technologies for requirements specification,
requirements management, and project management, among activities,
but did not consider how such technologies should be selected [6],
which is an issue that EBSE might be expected to address. But, GAs
could be not only potential users of EBSE in their own work or when
providing recommendations to industry. They could be, also, potential
advocates for EBSE if they adopt a policy of supporting recommenda-
tions with available empirical evidence. Therefore, it is important to
investigate EBSE in the context of GAs.

Investigating attitudes and behavior is a widely used approach
to understanding the needs of EBP stakeholders (see, for example,
[7–9]). However, the study of non-academic stakeholders has not been
extensively explored in EBSE research. We are only aware of three
reports of non-academic use of EBSE [10–12], all three with industry
companies and only one includes a report of the attitudes of the
industry stakeholders [11].

Thus, when the School of Engineering at the Universidad de la
República was invited to give a presentation on its research to the
Uruguayan E-Government agency (AGESIC), we took the opportunity to
introduce EBSE to AGESIC staff and assess their attitudes to the concept.

In the first stage, we conducted a field study in the form of an EBSE
awareness lecture to AGESIC members, followed by a focus group ses-
sion to collect and analyze their perceptions of the value and limitations
of EBSE. In the second stage, we followed up our investigation with a
survey that sought to determine whether the ideas we presented had
any impact on the agency’s working practices. The second stage was
not initially planned but, when we prepared a report on the focus group
for AGESIC, we realized that feedback on staff adoption of EBSE was
an important part of assessing the potential value of EBSE.

Our work is complementary to current research on EBSE, and is
original in that it (1) is an attempt to assess the potential value of EBSE,
and not the value or utility of SLRs, (2) involves participants from an
important group of stakeholders so far not investigated in relation to
EBSE, (3) includes the comparison of our results with five systematic
reviews on EBP adoption in other disciplines, and (4) reports a follow-
up study, that confirmed that more than a third of the EBSE lecture
participants had begun to seek and to use evidence as part of their
working practices.

The remainder of the paper is organized as follows. In Section 2, we
review previous research. In Section 3, we present our study context,
i.e., AGESIC aims and characteristics. Section 4 describes our research
questions and strategy. We present ethical issues, characteristics of
study conduct, and data analysis in Section 5. Section 6 reports the re-
sults of our study in the context of our research questions. In Section 7,
we include a discussion of our results and their significance. We present
the main limitations of our study in Section 8 and our recommendations
for researchers in Section 9. Section 10 includes concluding remarks
and directions for further research.

2. Related work

This section includes related work on EBSE research with non-
academic stakeholders which we have supplemented with a brief pre-
liminary review of the evidence-based practice (EBP) adoption research
in other disciplines.

2.1. EBSE non-academic stakeholders

Budgen et al. [13] considered EBSE as an innovation and used
part of Rogers’ diffusion of innovations theory [14] to understand the
progress of its adoption. They suggest that in SE there are two separate
EBSE adoption cycles. The first one is found in the research community,
in which, according to the authors, there is widespread adoption of the
systematic review as an important research method and a major support
tool for EBSE. The second cycle is focused on the users of the evidence
(i.e., industry, government, etc.) and is probably in the ‘innovator’
stage (i.e., the very initial stage). Budgen’s argument suggests that it
is important to investigate EBSE adoption by stakeholders other than
academics.

To our knowledge, there are only three reports of non-academic
use of EBSE, and all of them involve conducting a secondary study
for a company. Kasoju et al. [10], used the EBSE process (which
included conducting a systematic review), along with a case study and
value stream mapping technique, to analyze an automotive test process
and propose improvements. Although the proposals were not carried
out, they were presented to the practitioners who provided feedback.
Unfortunately, the authors do not report details of that last activity.

In 2018, Cartaxo et al. reported another EBSE application, in this
case, conducting a rapid review (a limited systematic review) to collect
practical recommendations in order to help an agile software devel-
opment company with customer collaboration issues [11]. Although
their study was focused on proposing and evaluating the use of rapid
reviews, it is also an application of EBSE. The practitioners found
that the results of the rapid review seemed more reliable than the
information they usually used and that this increased the team’s confi-
dence in the decisions they made. They also believed that the review
process allowed them to better understand the problem and to learn
new concepts.

Finally, Lewowski & Madeyski reported the conduct of an SR com-
missioned by a software development company [12]. The company,
responsible for a platform for automated code review, sought to learn
about research related to the prediction of code smells using artificial
intelligence. The SR was a preliminary step in a joint research & devel-
opment project. Although the authors reported decisions that took the
company into account (e.g., not requiring completeness of the search
for primary studies), the use of the results or company satisfaction is
not discussed.

These initiatives contribute to a better understanding of the use
of EBSE. Even so, we believe that it is useful to adopt a broader
perspective (i.e., including other potential key stakeholders such as
government agencies or professional communities) to study the use
of EBSE in depth (e.g., investigating whether they find the approach
useful, or analyzing what challenges arise when trying to use evidence).

2.2. Evidence-based practice adoption in other disciplines

Since evidence-based practice has a longer history in other dis-
ciplines, it seemed useful to gain some insight into the challenges
of its adoption with which to compare our results. For this purpose,
we conducted a rapid review searching for secondary studies on the
adoption or impact of EBP or systematic reviews (details are pre-
sented in [15]). We found five studies of interest from several fields
(i.e., social work [16], occupational therapy [9], physiotherapy [17],
medicine [18], and healthcare policy [19]). We analyzed three aspects
of the studies:

1. Perceived Value: In general, practitioners and stakeholders hold
positive views towards EBP [9,16,17], and many expressed the
view that it is important and useful for their work [16] or
necessary for the role they play [17].
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Table 1
Barriers to EBP adoption.

Field & Secondary study

Key barriers to EBP Social work [16] Occupational therapy [9] Physiotherapy [17] Medicine [18]

Relevance, applicability, availability, quality of research evidence × × × ×
Lack of time/workload pressure × × × ×
Lack of knowledge, training or inadequate skills × × × ×
Lack of resources (e.g., funding, staff, guidelines) × × ×
Lack of organizational support × × ×
Lack of teamwork or communications problems × ×

2. Barriers to Adoption: Table 1 presents the limitations or barriers
to EBP adoption identified in at least two SLRs. The most com-
mon barriers were associated with: characteristics of research
evidence, lack of time or workload pressures, lack of training,
or inadequate skills.

3. Mechanisms to Improve Adoption: Possible strategies or facilita-
tors to improve the adoption of EBP reported by at least two
SLRs included: improving access to resources (e.g., scientific
literature or staff) [9,16,17], improving the dissemination of ev-
idence [9,17,19], promoting collaboration between researchers
and practitioners [16,19], and improving the applicability of
evidence (i.e., by analyzing its context and applicability, or
by increasing the practical/applied value of research) [17,19].
Two studies [17,19] suggested that the preference for acquiring
evidence from colleagues implies that an efficient disseminating
strategy could be the use of knowledge brokers. Knowledge
brokers are individuals with good communication, negotiation,
and problem-solving skills, who are familiar with the culture and
environment of researchers and practitioners [20].

3. Study context: AGESIC

The Agency for the Development of Electronic Government and
Information Society and Knowledge (AGESIC) is an executive unit
under the President of Uruguay. It was created in 2006 with the aims
of ‘(1) seeking to improve citizen services, using the possibilities offered
by information and communication technologies, and (2) promoting the
development of the information society in Uruguay with emphasis on the
inclusion of the digital practice of its inhabitants and the strengthening of
the skills of the society in the use of technologies’ [21]. Its growth has been
sustained, from 30 employees in 2007 to more than 180 in 2015 [22].
In 2019, the year in which the first part of this study was carried out,
AGESIC had 0.2% of the national public budget.2

The responsibilities of AGESIC arise directly from the Uruguayan
Digital Government Strategy [25], of which the agency is a promoter
and incubator of initiatives within the entire government. The strat-
egy is a roadmap for transformation and innovation in government
management and is based on the following areas/objectives:

• Proximity Government. Facilitating citizens’ access to all govern-
ment information and services (ensuring that 100% of the Central
Administration services can be done online from start to end).

• Open Government. Improving relations with citizens through trans-
parency, open data, and promotion of citizen participation and
innovation.

• Smart Government. Exploit existing information and use it to
move to a more proactive attitude that anticipates the needs of
citizens and prevents problems. This includes, among other issues,
the sub-objective of ‘Strengthening evidence-based decision-making
processes’, which is aimed at creating and improving data analysis

2 Calculated based on information from [23,24].

capabilities internal to the government (internal evidence). Thus,
if the use of scientific evidence and EBSE were of interest or
utility, it would be included in this area.

• Efficient Government. Improving cross-organizational management
in the government and promoting the adoption of common solu-
tions.

• Whole-of-Government. Encouraging technological integration and
data interoperability as a basis for the management of systems
development and evolution.

• Reliable Digital Government. Ensuring the response to risks, threats,
and challenges that arises using digital technologies in the gov-
ernment.

In particular, AGESIC carries out these activities (among others):

• Conducts national and comprehensive programs in Uruguay in
relation to IT. For example, promoting the intensive use of in-
formation and communications technologies in the health sector
to improve the quality and continuity of care.

• Elaborates policies, plans, and national strategies in matters of
governance, integration, interoperability, government business
architecture, human capital, and acquisitions related to informa-
tion and communication technologies in public agencies.

• Creates technical standards relating to products and services re-
lated to information and communication technologies in public
agencies.

As a concrete example, AGESIC actively participated in, and made
important demands on privacy and information security, in the national
software development project to incorporate contact tracing for COVID-
19 (Uruguay was one of the first three countries to use it) [26]. AGESIC
can also recommend, execute and fund research and development
initiatives, but they are not a research funding agency. They also
hire suppliers (including the Universidad de la República) when they
need consulting services. However, none of the members we spoke
with knew whether the agency had commissioned (or used) secondary
studies.

An issue of major importance from the viewpoint of our research
is that AGESIC carries out policy-making and legislation in SE. It
supports government initiatives in the efficient use of information tech-
nologies (e.g., helping to define software requirements and purchase
conditions—including software quality requirements) and provides rec-
ommendations to other organizations and to society on the use of
software and technologies (e.g., informing on the risks of new technolo-
gies). By helping to establish conditions for state purchases, the agency
also defines requirements that must be met by national and foreign
state software providers. Therefore, the agency could significantly influ-
ence the adoption and dissemination of EBSE in our country. However,
the agency would first need to learn about EBSE and evaluate whether
it is a practice that they would find useful and appropriate to support
their goals. Our study aims to contribute to this purpose.

AGESIC has eight main areas and some decentralized units. Some
areas are, for example, Organizational Transformation, Citizen Services,
Information Security, and Information Technology. In our study, we
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Table 2
Characteristics of the AGESIC IT Area and its divisions.

Information technology area Aims to contribute to the achievement of an optimized management of IT in the public administration, through the
investigation of trends and innovative technology products that contribute to the digital transformation of the country.

Division Division objective Division staff

Government architecture Promote a common vision of IT through a government architecture that facilitates the integration,
interoperability, and optimization of technologies and solutions for the implementation of better services for
citizens.

8

IT optimization Research, development, and promotion of methodologies, good practices, and tools that contribute to the
creation of value and facilitate the effective management of information and technological assets in
government organizations.

5

Emerging technologies Research, develop and promote the use of innovative and emerging technologies that contribute to the
creation of value and facilitate effective management in government organizations.

7

Data management Develop and strengthen systems, platforms, frameworks, and good practices for the management of
information data, in order to favor a public administration based on data and the optimization of public
services.

2

only worked with the Information Technology area. Table 2 presents
the main characteristics of this area, which has four divisions and 24
staff members (i.e., director, deputy director, managers, and consul-
tants).

4. Research questions and method

The purpose of our research is to study the attitudes of GA stake-
holders towards EBSE and assess their motivation to adopt it. In par-
ticular, we try to answer the following research questions:

RQ1: Is evidence-based software engineering a method that
should be considered for adoption by government agency
stakeholders?

RQ2: Does EBSE awareness have any impact on the working
practices of government agency stakeholders?

We investigated the research questions in the specific context of
AGESIC using a multi-stage research design, with an initial focus group
study, followed by a survey sixteen months later. This design allowed
us to study in-depth participants’ first impressions of EBSE by allowing
them to discuss its value and limitations. Later, the follow-up survey
allowed us, in a non-intrusive and cost-effective way, to evaluate
possible impacts on the work practices of the participants.

As evidence-based practice and its application were unknown to
all but one of the agency staff, we preceded our focus group with a
brief presentation of EBSE and the use of evidence. Following this, we
undertook a focus group study where the participants discussed the
value and limitations of EBSE.

The focus group method seemed to be appropriate to achieve our
purpose as it can be used to obtain initial feedback on new con-
cepts [27], in this case, EBSE was unknown to almost all the par-
ticipants. In addition, it is a method that has already been used to
study attitudes towards EBP in other fields (e.g., medicine [28], den-
tistry [29], psychiatry [30], nursing [8]). However, our study is incon-
sistent with definitions of focus group characteristics used in marketing
research [31], in particular, the participants were known to one an-
other, and selection was based on convenience and not to cover a
specific demographic. In essence, we conducted a field study utilizing,
where appropriate, focus group methods.

Fig. 1. First stage data analysis process.

The need to validate our report with the participants prompted
us to investigate whether knowledge of EBSE had caused them to
make any changes to their working practices. So, sixteen months af-
ter we conducted the EBSE awareness lecture, we circulated a self-
administered questionnaire to participants to ask them whether they
had subsequently made any changes to their working practices.

We believe that our initiative of giving an EBSE awareness inter-
vention and using non-intrusive methods to evaluate its impact is the
most appropriate (and most ethical) approach to begin investigating
whether its adoption is possible and beneficial for non-academic stake-
holders. Using other more intrusive methods (e.g., action research)
aimed at changing working practices seems to be very premature since
the benefits of adopting EBSE in non-academic settings are unknown.
Furthermore, it would be fair to say that although the agency’s IT
division director was keen for his staff to participate in an EBSE talk,
a focus group and a survey, any other more invasive research method
would have been hard to justify.

We used the Tong et al. checklist for reporting interviews and
focus group research [32] and the O’Brien et al. checklist for reporting
qualitative research [33]. In particular, the fourth author evaluated the
initial report against the checklists and made suggestions that were
later addressed by the first author.

In this section, we have reported only the most important study
methods. However, full details of the design and conduct of our study
are available in our supplementary material [15].
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5. Ethical issues, data collection and analysis

In the following subsections, we present ethical considerations and
the main characteristics of the data collection and data analysis pro-
cesses from both the focus group and the follow-up survey.

5.1. Ethical considerations

In consultation with the director of the IT area, we agreed to
the following conditions: to inform the participants about the study
and request that they sign an informed consent form if they wanted
to participate, to ensure the confidentiality of their opinions in any
published report, to validate the results with the participants, and to
obtain the agency’s approval of the report prior to its publication.

Before starting the focus group, the first author explained to the
participants that their discussion was going to be used to study EBSE
adoption. He described the data collection procedures that would be
used, i.e. notes from the moderators and audio recordings. Participants
were also told that the information collected would be treated confi-
dentially (i.e., none of their opinions will be linked to their identities
in public reports or be made available to anyone other than the re-
searchers and study participants) and that they could withdraw from
the study at any time. Individuals who agreed to participate voluntarily
signed an informed consent form before starting.

In the follow-up survey, participation was optional but not anony-
mous. Before answering the questionnaire, participants were reminded
that we would preserve their anonymity in the dissemination of the
research results.

5.2. Focus group

The focus group was conducted on August 26, 2019 at the agency’s
facilities. We used the guidelines developed by Kontio et al. [27,34]
and recommendations proposed by França et al. [35] to plan the
focus group. The most important characteristics of the research design,
conduct, and validation are discussed below.

A call for participation via email was made within the Information
Technology area of AGESIC. In the preceding week, we sent a short
questionnaire to assess the demographics of those who had confirmed
their attendance. Full details are in the supplementary material [15].

Before the focus group discussions, the first author of this paper
gave a presentation on EBSE. This initial briefing lasted an hour and
a half and had the following three main parts (1) a brief introduction
to SE research, (2) a brief introduction to EBSE, and (3) a presentation
of an SR, published in Spanish (the participants’ mother tongue), on
a topic of potential interest to the participants. More precisely, the
example SR dealt with metrics to evaluate mobile applications for
people with visual impairments [36], a topic of interest to the agency
since are responsible for developing web accessibility guidelines for
government applications [37].

Thirteen agency staff attended the lecture but only eleven attendees
agreed to take part in the discussion, but one of them participated
only in the combined session.3 The focus group had two different

3 Although it was not recorded in audio, the researchers registered that
one participant abandoned the meeting before the end of the group session
and another entered after the combined session began.

discussion sessions. First, the participants worked in group sessions.
For this, two groups were formed (without any segmentation strategy),
each one with five participants and a moderator. They were invited
to discuss the usefulness of EBSE. The following questions were used
to prompt discussions on its benefits and limitations: ‘What is EBSE
useful for?’ and ‘What is EBSE not useful for?’. They were encouraged
not only to say whether EBSE would be useful or not, but also to
raise arguments or situations that would support their position. They
were given 20 min for the discussion. Second, a combined session
was carried out, also lasting 20 min, in which each group shared and
discussed their reflections with the other group.

We used qualitative thematic analysis to analyze the data (which is
an approach recommended for analyzing focus group data [38]) with
a realist approach as our theoretical framework. Our analysis process
is shown in Fig. 1. It is based on the work of Braun and Clarke [39]
and its main features are familiarization with the data, initial coding,
and identification of themes together with quotes that illustrate them.
Some relevant adaptations that we made are:

• We conducted an in-depth analysis of the group session tran-
scripts. Subsequently, we validated the results with the informa-
tion from the combined session and moderator notes. This seemed
the most appropriate approach since during the combined session
the participants only reviewed the opinions they had expressed in
the group sessions and the moderators’ notes also summarized the
group sessions.

• For the classification of opinions we used the techniques of de-
scriptive coding and the constant comparative method [40] and
the freeware tool Saturate.4

• When reporting the results, as the language used by the partici-
pants was Spanish, we worked with an experienced translator to
create accurate English versions of the selected quotes.

• The first author carried out the analysis, and, subsequently, the
second author did an independent checking of the process and its
results. Both authors discussed the comments until they reached
an agreement on all issues.

In December 2020, we contacted the agency and sent participants
a summary of the study results (with content similar to Section 6.1).5
Seven participants responded. They agreed with the results summary
and did not suggest any changes.

5.3. Follow-up survey

The follow-up survey sought the participants’ opinions about any
impact that knowing EBSE had on their work practices. Furthermore, to
better understand the context in which the participants could make use
of the evidence generated by secondary studies, we tried to investigate
what type of literature the participants usually utilize. This was an issue
that we had not investigated before and that, after analyzing the results
of the first stage, we thought might help to interpret our findings.

The survey, designed according to recommendations proposed in
the literature [42,43], was conducted simultaneously with the valida-
tion of the first stage results.

The survey instrument was a self-administered questionnaire with
eleven questions (some of which were open questions, to allow the
participants to explain their answers more completely). The question-

4 http://www.saturateapp.com/
5 This is a method of validating results sometimes referred to as member

checking [41].
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naire was designed in Google Forms, and was available for one month
(from December 23, 2020 to January 26, 2021). The translation of the
questions (originally in Spanish) and the flow of the survey are shown
below.

S1 Have you used any ideas seen in the EBSE lecture in your
working practices?*

– Yes
– No [Skip to question 3 and after to question 6]

S2 Indicate what you have done

– Conducting a secondary study (systematic review,
mapping study, or rapid review).

– Using an existing secondary study (systematic review,
mapping study, or rapid review).

– Using search engines for scientific articles.
– Undertaking a critical appraisal of reports that com-

pare different technologies.
– Other activities, indicate which.

S3 Indicate your first and last name. This information will be
used to relate your answers to previous results.*

S4 Of the ideas you used, did you find anything particularly
difficult?*

S5 Of the ideas you used or their results, did you find anything
particularly useful?* [Skip to question 8]

S6 What is the main reason why you did not use anything seen
in the EBSE lecture?*

– The ideas do not fit the way of working.
– I have had no chance or need.
– I tried to use the ideas but was unsuccessful.
– The lecture was not enough for me to understand how

to apply the ideas of evidence-based practice.
– Other reasons, indicate which.

S7 Do you think that your knowledge about EBSE could be used
in the future? For what?*

S8 Did knowing about EBSE MOTIVATE you to improve or
change any activity in your working practices?*

– Yes [Skip to question 9]
– No [Skip to question 10]

S9 In which activities, tasks, problems or situations do you
perceive that you have changed after learning about EBSE?*

S10 What kind of literature do you use in your practice at the
agency? *

S11 Could you indicate titles or links (this is preferable) to two
typical examples of the literature you use?*

For quantitative questions, we counted the number of responses in
each response category. For qualitative questions, the textual responses
were collated and we used descriptive coding and constant comparative
method to classify the responses. The responses from S11 (i.e., examples
of publications used by participants) were listed and mapped with the
results from S10 (i.e., types of publications used). The result of this
mapping was also classified into the grey literature layers, as explained
later. Similarly to what was done before in the first stage, the first
author performed the initial data analysis that was later reviewed and
discussed with the second author.

Fig. 2. Participants demographic information.

6. Results

Fig. 2 shows demographic information describing the participants.
In particular, Fig. 2 reports the percentage of male and female partici-
pants, the agency division they work for, the information sources they
report using, and their age range.

None of the agency’s participants, except the participant identified
as P01, had any ties to our university or potential conflict of interest
with our research. P01 worked at the agency and was also an assis-
tant teacher and junior researcher at our university. Despite this, P01
reported no conflict of interest with our research. P01 was the only
participant who knew about EBSE beforehand.

Below we answer the research questions using the results of the two
stages of our study.

6.1. RQ1: Should EBSE be considered for adoption by GAs

We analyzed the focus group discussions and grouped them into
three categories: positive attitudes towards EBSE (i.e., perceptions
about the value and benefits of using it) indicated with [+], negative
attitudes (i.e., limitations, risks, and challenges about the use of EBSE)
indicated with [−] and other non-theme related issues arising from the
data analysis indicated with [0]. The results are listed below.

[+] Innovation, uncertainty or risk. Participants identified that
EBSE could be useful in finding innovative solutions and solving prob-
lems associated with large risks and uncertainties. This includes, for
example, the following scenarios: the need to innovate when creating a
new department, trying to solve a problem after several failed attempts
(this item was agreed by both groups), avoiding reinventing known
solutions, and tackling a little-known problem with a small budget.

For example, in one group, the participants discussed the usefulness
of the approach when dealing with an unknown topic, but also without
a budget to hire experts:
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P04 [EBSE is useful] in the context of a project when you run out
of budget money. I don’t know. You can’t call a consulting firm
that does I-don’t-know-what or [do] things like that [which require
money]. Maybe for things that we know that we are not going to
have the budget for or things like that, I am going to apply this kind
of thing.

P05 As a first approximation.
P04 Sure. So as not to go in blind. Could be. Or for example, it can

be used to discard or accept paths of action. I don’t know. I did
a review and 80% of the articles tell me to go this way, I’m going
there. If they tell me not to, I’m going the other way.

P10 Or make decisions.
P04 As a feasibility analysis, something of that kind, fast, discarding

fast.
— Q01 (from discussion group 2)

[+] Role of the agency. Both groups discussed the EBSE usefulness
in relation to the role of the agency, since they perceive that it is a
concept that promotes standard responses to common problems and dis-
seminates good practices. To illustrate this, in the following fragments
the participants expressed the view that EBSE would help make the
agency’s recommendations more aligned with its discourse, and that
its use is in accordance with the role model functions of the agency,
respectively.

P05 [...] I think [EBSE] is a method that, as we suggest [to others] to
work based on data and evidence, it would be good to support it.

P04 Sure, exactly. Take our own medicine.
— Q02 (from discussion group 2)

P01 ... we are role models, we participate worldwide in certain activities
and we are role models of that. So it seems to me that when the
publications we make point to our role model, it seems to me that
it could also apply, use or do [systematic literature] reviews.

— Q03 (from discussion group 1)

Other possible uses of EBSE that were discussed, although to a lesser
extent (according to duration and number of participants involved in
the discussion), were:

• [+] It helps to formalize and give more support to internal
research, especially for the very common reports on the state of
the art made in the agency.

• [+] For feedback for continuous improvement, for example,
by doing a periodic SLR on a practice used in the agency and
comparing the results with actual performance.

• [+] The vision of EBSE as one more tool that was available
from now on.

[−] Institutional support. Participants of one group identified the

importance of institutional support for the adoption of EBSE. As the

following quote shows, the institution would need to give time and

priority to carry out this type of practice.

P04 If we give people space, there is not one of us who would be
incapable of doing such a review. I think we can all do it. So you
have to take the time to do it. Because it is not the same as saying
AGESIC suggests a certain line of action but based on all this that
we saw before.

P10 In line with priorities, it is going to be in the 7800th place
P04 Ahh of course, but I think this is not something you do in two days.
P05 No, I am not saying no, but I think it is a method that also, as we

herald [to others] to work based on data and evidence, it would be
good to support it.

— Q04 (from discussion group 2)

[−] Lack of evidence of governments practices. In one group, the

participants discussed for several minutes the lack of reports of govern-

ments practices, an issue that was later agreed on by the other group in

the combined session. During the discussion, they indicated that they

currently find little evidence on issues applied to governments. Then,

as shown in the following excerpt, in the combined session, it was

also pointed out that although there are government publications, an

important concern is their context (e.g., region or form of work) and

therefore their applicability. So it is difficult to find useful publications

with contexts similar to that of our country.

R1 Are you sure you can’t find any government publications?
P04 We can find them, yes, they are not the majority.
P03 And in addition to government, the issue of the regions of the planet

has to do ... with the way of working and ...
P04 We find a lot of publications from European governments for

example. The UK has a lot of government publishing practice so
we found a lot of things [from them]. But when you are going to
apply [recommendations from these papers] ... For example, the
Estonian government, which is one of the most avant-garde digital
governments, has a lot of publications. But the Estonian context is
not so similar to ours, due to a regulatory framework and a lot of
[other] things. You can find [papers] but later when you are going
to use them, it has its ... [complexities]

P03 And many of the things you find at government level sometimes,
especially in Latin America and the area around here, are more like
expressions of desire than things that actually [are] ... evidence.

— Q05 (from joint session)
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[−] Team Profile. The team profile was seen as a barrier to the
adoption of EBSE in one group, both the required skills and the moti-
vation or ‘research spirit’. With respect to the latter issue, we assume
that it was difficult for some participants to understand the difference
between the use of secondary study outcomes and the conduct of such
studies.

P08 Assuming we had to carry out a review of whatever, I think it is
important that the person who does it ‘wants to do it’ in some way
because it is not ‘anyone does it’, it seems to me that they have to
have a research spirit. That person has to do it ... I think that is
important. I think that, for example, it would be difficult for me to
review this style with this ...

R2 Ah, you say? But how about the use [of SLR]?
P08 No, the use would give it an extraordinary value. But for it to be

perfect, for it to be good, for it to be in the best possible way, it
seems to me that the commitment of the person who carries it out
must have that research spirit.

— Q06 (from discussion group 1)

[−] Emerging issues. One group identified that for new issues, they
did not expect EBSE to be very useful, based on the perception that they
were going to find few pieces of evidence. As the following excerpt
shows, participants expressed interest in primary study methods that
could be used to obtain quickly evidence on new issues.

P04 [...] with the emerging issues sometimes there is nothing to review,
we do it by intuition, so to speak.

R2 Of course, when there is no evidence of the use of anything, one
has the theory...

P04 But you see that there are things that, for example, I don’t know, it
occurs to me, maybe it’s a bad example, but in medicine they say
‘clinically proven’.

R2 That means there is evidence.
P04 Sure, sure. But they tested it, let’s say, by putting cream on the

patients... Even that, which is empirical, let’s say, because they go
and look, has a system of doing, so to speak. It is done with certain
rules and other things. In order to do these empirical things, do you
have a similar process model?

R1 No, there are techniques that we already mentioned: you can do
interviews, surveys, focus groups...

— Q07 (from joint session)

[−] Cost and opportunity. Cost and its relationship to opportunity
was also a theme discussed by participants in one group, as seen in the
following excerpt.

P01 What I also see is an important disadvantage regarding the time
that you dedicate [to undertaking an SLR], that’s why I think it’s
important what they said about the amount of time, right? Because
sometimes, for example, if you want to look for something and you
are, let’s say, doing the review, and the review takes two or three
years. It seems to me that yes, that the cost surely may not merit
what you are doing, right?

P03 Yes, opportunity cost
P08 You finish doing the review and there is another technology,

something else ...
P01 Sure ...
P03 But that is part of the planning. You also have ... I think it’s like

any project where you have to say ‘I have these restrictions to see if
I get any results’. And these restrictions imply making a plan, taking
them into account and determining which method [to use]...

— Q08 (from discussion group 1)

[−] Usual paths. Introducing a new technique requires changes in
routines. A participant discussed this theme in the following excerpt.

P05 [...] what I see that there are different usual paths: if I want to
incorporate a new methodology... If I want to incorporate a new
technology, you usually call a consultancy firm from the market.

— Q09 (from discussion group 2)

[−] Curb breakthrough ideas. Finally, although one participant
saw that EBSE could curb breakthrough ideas, the discussion led to
another participant saying just the opposite as shown in the following
excerpt.

P03 This system [EBSE] could have the risk, correct me if I’m wrong,
that it could stop an idea that could be disruptive and that could
come ...?

P01 The systematic review ...
P03 Maybe I’m talking nonsense...
P01 ... I see that it is like a kick for precisely looking for that. If there

is no disruptive thing that you have the idea to do, if someone else
didn’t think of that disruptive thing. It’s like a space where you can
do the review and say: ‘Well, I was based on this review I didn’t
find anything and I thought to do it this other way’.

P03 Well, it can be too.
— Q10 (from discussion group 1)

[0] Generate data for future work. In both groups, participants
agreed that they not only found EBSE useful but also found it important
to start generating data to use themselves in the future or to serve
as input for future reviews. For example, in order to address the lack
of government practices publications or how to make adaptations to
governments requirements, as one participant explained:
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P04 We tend to substitute profit for efficiency or social impact: manage-
ment efficiency or social impact. So how do we translate profit into
social impact or management efficiency? And there surely are a lot
of patterns that we can draw. [...] that allows us to find clues to
say to another government, ‘Look, when you see a technology or
something in the industry that is supported by profit, try this’.

— Q11 (from discussion group 2)

[0] Junior researcher participant. As mentioned above, P01 is
(and was during our study) an assistant teacher at our school and
a junior researcher. P01 contribution to the group meeting was then
analyzed separately. Some observations about their behavior were the
following:

• When another participant indicated that EBSE seemed to be able
to curb breakthrough ideas, P01 responded by bringing to the
discussion one of the benefits of EBSE which is understanding
more about an unknown area (e.g., through a mapping study).

• P01 was the participant in the group who started the discussion
about the role of the agency and the need to have more substance
in its publications and how EBSE could help with that.

• On the cost of conducting a review, P01 introduced the theme
of costs in the group, not only indicating the cost/opportunity
ratio (something quite important when doing secondary studies),
but also provided another perspective, indicating that EBSE could
help in costs, for example, by helping not to reinvent solutions to
a problem.

In summary, from our observations, the participant who had some
understanding of SE research, seemed to have contributed a deeper
perspective to the discussion and helped the group several times to
discuss some aspects with a higher level of abstraction and offered
different points of view.

6.2. RQ2: Effects of EBSE awareness on the working practices of GA
stakeholders

Fig. 3 summarizes the results related to the impact of the EBSE
lecture on the behavior of the participants. We used three participant
perspectives to study this impact: any experience of using EBSE con-
cepts, their perspectives of using EBSE concepts in the future, and any
changes the lecture motivated to their work practices.

EBSE usage experiences. Only one participant (P01, the junior
researcher) indicated having used any content from the EBSE lecture
[S1]. In particular, P01 reported using existing secondary studies, and
search engines for scientific articles [S2]. Regarding the difficulties
encountered, P01 expressed:

P01 Putting it into practice costs a lot; you have to have training and
enough time. It’s very difficult first to direct towards what you’re
looking for and then be able to find in it what really adds value.

— Q12 (from S4)

During the analysis (March 2021) we contacted P01 by a messag-
ing app to clarify our understanding about the answers. First, P01
confirmed using concepts from the EBSE lecture at the agency and
that, more generally, excluded academic activity when answering the
survey questions. In particular, P01 reported having read an SR on

gamification in SE and having used search engines to learn more about
quality and testing in quantum computing (both were, at that time,
topics of interest to the agency). P01 also confirmed that lack of
knowledge and training, and lack of time were the main difficulties
faced. Furthermore, P01 commented that it was quite difficult to find
relevant evidence, but strongly suspected that this was due to the lack
of training. P01 pointed out:

P01 In comparison, I believe my lack of training and time would rep-
resent 90% of the causes of the challenges, and the difficulty of
finding relevant evidence the other 10%.

— Q13 (from personal conversation through audio messages)

Prospects of using EBSE concepts. The other six participants
indicated that they had not had the opportunity or need to use what
they learned [S6]. On whether they would use it in the future [S7], one
participant answered negatively, reporting that this was due to having
very limited knowledge of EBSE. The rest answered affirmatively, and
they indicated that they would apply it to do research on topics of
interest, evaluate information, and compare technologies [S9]. For
example, P03 wrote:

P03 [...] to tackle some new, infrequent topic in which we have little
experience and which requires a certain level of rigor.

— Q14 (from S7)

Changes motivated by knowing EBSE. Four out of seven partici-
pants indicated that knowing about EBSE motivated them to improve
or change some aspects of their working practices [S8]. In particular,
they perceived changes in how they do research, assess information,
and compare technologies. To illustrate, P10 answered:

P10 [I notice changes] mainly when doing some research on topics of
interest. Now we always look for various visions on the topics we
are investigating and then have our own [vision].

— Q15 (from S9)

6.3. Commonly used publication types

In the second stage, we also asked participants to specify what
type of publications they commonly use in their working practices.
To have more elements of analysis and verification, the questionnaire
asked for types and examples of publications in different unrelated
questions. Table 3 presents the mapping of the types of publications
and examples used by the respondents classified according to the
model of three categories for non-commercially published material of
Adams et al. [44].

In summary, Adams et al. propose the following. First, they defined
‘grey literature’ as that not controlled by commercial organizations
(e.g., government reports). Second, they called ‘grey information’ that
which is published more informally or not published (e.g., personal
notes, emails). Third, they used the term ‘grey data’ as an intermediate
category, which is more formal and public than ‘grey information’ but
less formal than ‘grey literature’ (e.g., tweets, blogs).
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Fig. 3. On the impact of the EBSE awareness lecture on participants’ working practices.

Table 3
Types and examples of literature used by participants grouped according to the model of Adams et al. [44].

Type of publications [S10] Examples [S11] Material type

Scientific papers (P03) scielo.org (P09), clei2019.utp.ac.pa (P03) White literature

Publications from other governments (P01, P03) www.gov.uk/government/publications/synthetic-data (P01)

Grey literature

Magazines (P09) www.technologyreview.com (P09)
Uruguayan Institute of Technical Standards
publications (P03)

–

Research and advisory companies/organizations
publications (P01)

www.iaccm.com (P03), www.gartner.com/en (P03), www.ict4v.org (P03)

Technical documentation of products (P02) hive.apache.org (P02), www.hitachivantara.com/es-latam/products/data-
management-analytics/pentaho-platform.html (P02)

Technical reports (P06) publications.opengroup.org (P03)

Internet forums (P02, P06) es.stackoverflow.com (P02)
Grey dataTechnological innovations publications (P09) –

Web pages (P06, P08, P09, P10) –

Table 3 shows the nature of the publications consulted by the
participants (see questions S10 and S11 of the follow-up survey form
in Section 5.3). Regarding these results, two issues are interesting to
highlight.

First, on the white literature used by practitioners. Scielo is a
regional platform that provides open-access papers, many of them in
Spanish. CLEI is a regional computer science conference. We believe
that the participants use these sources due to a lack of knowledge
of other more well-known academic search engines (e.g., SCOPUS) or
because they prefer quick access to literature in Spanish.

Second, it is clear that a large percentage of the responses refer to
non-commercially published material. In particular, it seems that many
types of literature the participants commonly use corresponds to grey
literature.

7. Discussion of findings

Several aspects of our results deserve reflection and analysis.
Perceived benefits. In general, the participants believed that EBSE

may be suitable for finding innovative solutions, and solving problems
associated with large risks and uncertainties. In addition, they per-
ceived that the use of EBSE would be very appropriate considering the
agency’s responsibilities. Both cases seem to indicate that they perceive
that the evidence generated by SLRs is more reliable than other types
of information. This is a similar result to that obtained by Cartaxo et al.

when they presented some rapid review results to a software company
staff [11].

Lack or inadequacy of evidence. Participants believed that the
lack or inadequacy of research evidence, particularly evidence related
to government practice or emerging issues, may be one of the top
barriers to using EBSE. Although we believe that the participants do
not know a great deal about research evidence (as expressed in the pre-
lecture questionnaire), this limitation seems legitimate and has been
reported in other disciplines as well (see Table 1). Initiatives to use
grey literature (e.g., using multivocal literature reviews [45]) could
help. Despite this, it seems necessary to also promote the generation
of studies and evidence more suitable for industry needs.

Although the agency carries out internal research, for example, to
evaluate emerging technologies, they raised the need to formalize these
activities and the possibility of using primary study methods (Q07).
We believe this could help them with their own research, but could
also lead to doing research with other stakeholders. This seems an
interesting approach since GAs often have the influence and respect
needed to obtain participation in surveys or working groups from
industry that would be difficult for academics to obtain.

It could be argued that the published literature does not reflect the
body of knowledge (or does so in a biased way) and that therefore the
quality of the evidence is not adequate for use by industry, government,
or other non-academic stakeholders. To some extent, it appears that
EBP has been better adopted in areas where the evidence is more
quantitative and of direct application (e.g., medicine). However, it is
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Table 4
Mapping of EBP reported barriers and EBSE limitations identified in this study.

Barriers to EBP adoption (2.2) EBSE limitations discussed (Focus group) Difficulties using EBSE concepts (Survey)

Relevance, applicability, availability, quality of
research evidence

Lack of evidence from governments
practices; Emerging issues

Relevance, applicability, availability of
research evidence

Lack of time/workload pressure Cost and opportunity Lack of time
Lack of knowledge, training or inadequate skills Team Profile Lack of knowledge/training
Lack of resources (e.g., funding, staff, guidelines) – –
Lack of organizational support Institutional support –
– Usual paths; Curb breakthrough ideas –

true that currently EBP is being practiced in other areas more similar
to SE (e.g., psychology, sociology, policy making). In these areas, the
limitations of the existing evidence have also been detected (see, for
example, [46]). These limitations can be addressed by generating new
evidence and also using the evidence according to its nature and quality
(e.g., for descriptive and correlational uses and not to support claims
of causality). Finally, EBSE not only deals with the use of scientific
evidence but also provides tools for the use of other types of material
(e.g., guidelines and criteria to enable the use of grey literature).

Barriers to EBSE adoption. According to the participants, some
barriers to EBSE adoption are the lack of evidence from governments,
the cost of conducting systematic reviews, inadequate skills, lack of
institutional support, and the lack of evidence from emerging issues.
These issues are similar to those reported in relation to the adoption of
evidence-based practice in general [9]. Table 4 shows a comparison of
the results of this study and the summary presented about EBP barriers
(see Section 2.2). Regarding the lack of resources, in Uruguay, access
to scientific literature is largely provided by the government through
the Timbó initiative.6

The cost of conducting secondary studies. Participants’ percep-
tion of the high cost (in time and effort) of conducting secondary
studies seems to be in agreement with that reported by researchers
who conducted secondary studies [47]. There are two initiatives that
address this issue. First, rapid reviews that aim to reduce the time
needed to obtain an overview of existing evidence [11], and second,
evidence briefings that are intended to make the results of reviews
readily available to stakeholders [48]. Our results appear to support
the value of these ideas.

It could be argued that practitioners should not conduct secondary
studies but rather consult them. The fact that the participants consid-
ered the cost of secondary studies as negative could be related to a point
that we will discuss below, and it is that they expressed some confusion
between consulting and conducting secondary studies. Beyond that,
we believe that the cost of applying EBSE (and not just conducting
secondary studies) is an issue that needs further study.

Junior researcher participation. The role taken by the junior
researcher had many characteristics in common with knowledge bro-
kering [19]. Knowledge of both SE and the work of the agency allowed
P01 to stimulate the other participants to a more in-depth discussion
of EBSE-related issues. This suggests that more research is needed to
evaluate the impact of knowledge brokers on EBSE adoption.

Misunderstandings of the use of evidence. On several occasions
participants assumed that to use evidence it was necessary to conduct a
secondary study, although it had been clarified several times before that
the results of a pre-existing study could be used. Future EBSE training
and awareness activities could take this into account.

Critical thinking and reflection. The focus group also seems to
have contributed to the participants’ reflection about their current prac-
tice and how to improve it. For example, some of them acknowledged
that they do not find as much evidence about the practices adopted

6 The Timbó portal, created in 2009, enables online access to bibliogra-
phy and scientific-technological literature from around the world throughout
the country. It includes among others the collections of EBSEhost, IEEE,
SpringerLink, ScienceDirect, and Scopus. http://www.timbo.org.uy/.

by similar government agencies in other countries as they would like.
Then, later in the discussion, they proposed that they themselves could
generate data on their experiences, something that could be useful to
themselves and other governments.

Impact assessment. According to the validation survey, knowing
about EBSE seems to have had some impact on the participants’ prac-
tice. In general, they did not conduct or use secondary studies. Even so,
it is possible that knowing about evidence-based practice has helped
them to improve their research process, to be more aware of the value
of (aggregating) evidence, and to improve their information literacy
skills. The latter two are results similar to other reports of academic
training in EBP and EBSE [49–51].

Grey literature. As well as investigating whether the participants
were making use of EBSE concepts, we also sought to know what
literature they commonly used. They reported using a wide variety of
types of material, in particular, they use many forms of grey literature
(e.g., government reports, and white papers). Due to this, it may be
possible that practitioners can greatly improve their information eval-
uation skills by using quality assessment checklists for grey material,
such as the one proposed by Garousi et al. [45].

8. Limitations

Focus groups and surveys rely on participants’ reflection on, and
description of, their attitudes and behaviors, and this can bias the
results in several ways [52]. For example, people tend to remember
events that are most important to them. We tried to mitigate its effects
by requesting participants to fully explain their reflections and include
examples when appropriate, however, our results must be considered
with this limitation in mind.

Governments in different countries generally have different contexts
and structures, and it may be difficult to find agencies similar to
AGESIC in other countries. However, the positive and negative opin-
ions about EBSE expressed by participants were very similar to those
expressed by participants in other studies of EBSE and EBP.

Our work has two limitations with respect to introducing EBSE to
participants. First, we had limited time to carry out the first stage. In
particular, we were only able to give an EBSE class of an hour and a
half. It could be argued that this is too short a time to introduce EBSE
to (non-academic) participants. Their subsequent discussions suggested
that the main impact was some confusion regarding the use of existing
evidence and that most of the participants did understand the funda-
mentals of EBSE. Even so, we would be interested in carrying out longer
EBSE dissemination activities (e.g., full-day or weekly workshops) and
studying their effects. Second, in the interest of achieving a better
response rate, we tried to use the principle of brevity [53] when
creating the follow-up survey questionnaire. In particular, we omitted
specific questions to assess whether the participants had correctly
understood EBSE or to investigate in depth what EBSE concepts they
were able to apply. Future initiatives should consider this, perhaps
incorporating other research methods to assess understanding of EBSE
(e.g., interviews) or better assessing their use (e.g., using observational
methods).

Focus Group Limitations. Only one member of the Government
Architecture division attended the focus group. Thus, the focus group
results better reflect the viewpoints of staff in the other three divisions.
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Although Tong et al. [32] suggest that the participants validate
the transcripts, we opted instead for the validation of the synthesized
results, which we were able to send only 16 months after the meeting.
This certainly had some impact, for example, quantitatively: three
participants initially did not remember having participated in the first
stage of our study, two had left the agency, and we received seven
responses from the nine remaining participants. However, the impact
of the delay on the returned responses is difficult to assess. For similar
future initiatives, we recommend using another type of validation or
more steps, e.g., by incorporating validation of transcripts and then
validation of synthesized results.

By using the location of the agency, one or two participants felt free
to enter or leave the meeting at will. Despite this, we do not believe
that this had a major influence on the results. The discussions were not
interrupted or substantially changed by these events (as we checked in
the analysis of the transcripts).

Survey Limitations. A major limitation of this survey is the long
elapsed time between the questionnaire and the first stage which we
believe has reduced the response rate and perhaps the quality of some
responses. Regarding the response rate, we believe that it had no major
impact, in fact, the response rate is 63%. The quality of the responses
does not seem to be greatly affected either, in fact, during coding we
only discarded two responses (from the same participant) for having
content that did not answer the questions (P09 in S7 and S9). Future
studies using the same approach should decouple the validation of
the focus group results and the assessment of the impact on working
practices, this would allow for the assessment to be performed in a more
timely manner.

Another limitation is that, apart from P01, we cannot be sure that
the use of evidence-based activities reported by other participants was
actually related to EBSE (i.e., the use of evidence related to software
engineering, IT, or computing issues) or that they were basically adopt-
ing techniques for searching and assessing information (e.g., searching
electronic sources for information on work-related topics). However,
even if they were only using techniques for searching and assessing
information, their agency does undertake reports related to software
engineering issues, and accepting the value of evidence is a prerequisite
for adopting EBSE if a SE-related issue arises.

9. Recommendations for researchers

Research on non-academic adoption of EBSE is not a well-studied
topic and as such poses certain challenges. Likewise, it is not trivial
to work with GAs. Our experience in this study leads to the following
recommendations.

RE1. Consider different stakeholders and their needs. Different stakehold-
ers and contexts require different approaches to the introduction
and promotion of EBSE. We suggest trying to understand in ad-
vance the participants’ backgrounds and adapting introductory
material to their needs.

RE2. Emphasize the use of evidence rather than the production of SLRs.
Our study suggests that being aware of the use of evidence,
and its implications and considerations, is more beneficial to
practitioners than knowing the EBSE process or how to conduct
SLRs. In particular, it seems very important to publicize the role
of the evidence generated by secondary studies in relation to the
other types of information available to non-academic stakehold-
ers. For example, by indicating the differences (e.g., benefits and
disadvantages) of evidence obtained by secondary studies over
other types of information or available material (e.g., grey lit-
erature). We also believe that non-academic stakeholders would
also benefit from learning methods to search for and appraise
grey material. Another issue is that the focus group participants
talked about using consultants, so it might be worth emphasizing
that government agencies can commission secondary studies if
there is a risk that available consultants have vested interests in
particular solutions/methods.

RE3. Value of a strong link with the stakeholder organization. Our study
was possible thanks to a strong relationship between our re-
search group and some agency members. Given that many of
them were not aware of our research nor EBSE concepts in
advance, the trust and freedom they gave us were very impor-
tant throughout the research process. In particular, it was very
helpful to clarify the potential benefits and the confidentiality
mechanisms of working together in the initial stages.

RE4. Promote EBSE adoption research and the generation of evidence
more suitable for non-academic stakeholders. In other disciplines,
there are numerous studies of EBP adoption. This allows for a
greater understanding of the problems that arise in adopting
evidence-based practice and how to address them. In addition, in
order to allow better evaluation and aggregation, EBSE adoption
studies should include detailed information on the context and
research methods used. We also believe it is necessary to gener-
ate more evidence related to the needs of the software industry
and government and regulatory bodies. These needs must be
studied and addressed to improve the impact of EBSE and, more
generally, of SE research.

RE5. Present EBSE with reference to examples/topics of interest to par-
ticipants. A good way to introduce the evidence-based practice,
already explored in other disciplines, can be to use examples
and topics of interest to the target audience. This can include
examples, e.g., one based on an SLR and one based on an
industry study.

RE6. Consider prior knowledge and follow-up evaluation. Two aspects
of this study could be useful in future EBSE adoption research.
First, the focus group participant P01 added depth to the dis-
cussion due to their prior knowledge of EBSE. This was part
of our context rather than our research design. Nonetheless, it
suggests that EBSE dissemination interventions will benefit from
the participation of participants with prior knowledge of EBSE
who can stimulate deeper discussions. Second, our results also
confirm that a follow-up survey is a useful way of gaining more
reflective feedback on EBSE.

These recommendations, although useful, can be difficult to address
in the context of SE, some due to their specific nature and others due to
the characteristics of our discipline. To assist other researchers, Table 5
provides a list of references that support our recommendations and may
help other researchers to select and implement the most appropriate
recommendations for their own research context.

10. Concluding remarks

Our results indicate that participants perceived evidence resulting
from SLRs as being more reliable than other types of information
and suitable for certain cases (e.g., for managing innovation and risk,
and to support the agency as a role model). Institutional support,
lack of government practice reports, and team profile (i.e., skills and
motivation) were the most discussed barriers to EBSE adoption. The
barriers to EBSE adoption that we identified are very similar to those
obtained in studies of EBP attitudes in other disciplines.

Related to EBSE adoption background, our analysis confirms certain
assumptions or motivations that other researchers have had. First,
practitioners believe the cost and timeliness of evidence are important.
This has been the motivation for initiatives such as the introduction of
rapid reviews in SE [11]. Second, the lack of evidence reported by the
participants on certain issues (e.g., government practices and emerging
issues) suggests that the use of grey literature (e.g., [45]) could have
benefits for practitioners. Finally, the fact that one participant was
also a junior researcher in our faculty could indicate that, as happens
in other disciplines [19], the role of a knowledge broker could help
improve the adoption of evidence-based practice.
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Table 5
Previous studies related to our recommendations that can be used to improve the non-academic adoption of EBSE.

Ref. Indications Rec.

[10–12] These three papers report studies of non-academic applications of EBSE. They can be useful to take as examples of EBSE applications or
to know the current scope of non-academic use of EBSE.

RE1, RE2, RE4

[54] It presents an in-depth analysis of the use of evidence, including its credibility, validity, relevance, fit-for-purpose, and rigor (in its
creation and also in its use). Section 6 includes recommendations for researchers, as producers and consumers of evidence, and for
practitioners who want to consume evidence. Information from this paper can be used when introducing EBSE to practitioners so that
they can learn more about the use of evidence. For example, to help them properly consider the context of the use of evidence. In
addition, the recommendations could help to improve the evidence produced in primary and secondary studies.

RE1, RE2, RE4

[55] This paper presents 63 challenges and 127 good practices for collaboration between academia and industry from 33 articles obtained
through an SLR covering the period 1996–2014. For each stage of the collaboration (i.e., problem formulation, planning, conduct &
transfer, and dissemination) the paper reports challenges, good practices to address them (including references to the respective primary
studies), and key findings. The recommendations could be used by researchers (with or without experience) to better carry out
collaborations with other actors such as industry and government.

RE1, RE3, RE6

[56] This paper reports a tertiary study on the use of grey literature in SE. It may be useful for researchers who want to know how grey
literature is currently included in secondary studies and what challenges are faced. The authors report finding 446 secondary studies
published in top venues (a minimum h5-index of 20 for conferences and 25 for journals) from 2011 up to 2018 (full list in [57]). It
can be a helpful source of examples to present EBSE to practitioners or of evidence to address industry and government SE problems.

RE2, RE4, RE5

[58] This paper includes an in-depth analysis of how to include grey material in secondary studies, including preservation issues, ethical
issues, and representation of the practitioner’s view. Based on this analysis, the authors recommend not including social media posts
(e.g., blogs, tweets, vlogs) – material that some authors consider as grey literature – in a secondary study but rather in primary studies.
In addition, it proposes a framework for how to incorporate different sources of information in the different steps of EBSE. This paper
could be useful for researchers interested in considering grey material in their secondary studies, and for those who introduce EBSE to
practitioners or support them in the use of evidence.

RE2, RE4

[45] This paper presents a more permissive view (with respect to the paper presented above) as to what is considered grey literature and
how to include it in secondary studies. Although we agree with the approach of how to manage grey literature of the paper presented
above, we include in our review this other view that is currently recognized by other researchers. In particular, Table 7 can be used as
a basis for assessing grey material, both by researchers and practitioners.

RE2, RE4

[59,60] These papers investigate the use of blog-like documents in SE research. The first one reports a review of previous research and
identifies alternatives (e.g., conducting primary or secondary studies using blogs) and resources (e.g., repositories of software-related
blogs). The second one includes credibility criteria (see Table 4). It presents a methodology and tools to speed up the process of
aggregating blog-like documents. This material can be helpful to researchers or practitioners looking to assess this kind of material.

RE2, RE4

[61] This paper presents a list of 49 SLRs reporting practice-oriented recommendations published up to the end of 2015. The authors include
a summary of each SR including their topic and findings. This can be helpful for practitioners looking for evidence from secondary
studies on a particular topic. It can also be used for selecting examples of SLRs with which to better introduce EBSE to practitioners.

RE1, RE2, RE4, RE5

[62] This paper presents and illustrates a set of guidelines for reporting quantitative and qualitative systematic reviews. It considers different
reporting issues that may help to better consume secondary studies’ results (e.g., certainty and limitations of the evidence, relationship
with other evidence). These guidelines can be useful when reporting secondary studies since their application is expected to improve
evidence consumption. It can also be helpful for researchers and practitioners to correctly consider the information reported in
secondary studies.

RE4

[63] This chapter presents guidelines and recommendations for conducting rapid reviews, which, as the authors indicate, are ‘‘lightweight
secondary studies focused on delivering evidence to practitioners in a timely manner’’. In this way, it can be an interesting method to
produce adequate evidence, but with certain limitations, for collaborations between academia and industry/government.

RE1, RE2, RE4

[48] This paper introduces evidence briefings, which are one-page documents with findings drawn from secondary studies. This can be a
useful format to improve the transfer of evidence to industry and government practitioners.

RE1, RE2, RE4

[51,64] The first paper reports an SR of EBSE training initiatives reported up to the end of 2019 (including benefits and challenges), a proposal
of more than forty learning outcomes for EBSE teaching, and the description and evaluation of a course based on those learning
outcomes. In the second paper, a longitudinal study of the effects of training provided in three consecutive courses is presented. This
material can be used as a basis to develop specific materials for dissemination and training of EBSE.

RE1, RE6

Our follow-up study confirmed that although the participants were
not undertaking systematic reviews themselves, more than half of
them reported improvements in how they searched for and evaluated
information to support their work. These results confirm the value of
evidence-based practice in the context of regulatory and government
bodies. They could also indicate that promoting EBSE to non-academic
stakeholders could obtain better results if it focuses on presenting the
value of evidence, procedures for finding and assessing the reliability
of evidence, and the use of existing SLRs.

We believe it is necessary to continue studying the non-academic
adoption of EBSE. Possible future lines of research could be: studying
the opinions of other key stakeholders (e.g., project and quality man-
agers in larger established companies and software engineers involved
in small start-up companies), using theories or models that allow a
better understanding of evidence-based practice adoption (e.g., Rogers’
diffusion of innovations theory [14]), investigate the use of knowledge
brokering [19] applied to EBSE, and applying argumentation theory
for a deeper understanding of the decision process of using evidence
(e.g., by using the framework proposed by Rainer et al. [65]).
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This document presents supplementary material to our
study “Assessing attitudes towards evidence-based software
engineering in a government agency”. In our study, we
investigated the potential value of EBSE in the context of the
Uruguayan E-Government agency (AGESIC). To achieve
this, our work involved three research instances subject to
specific methodologies and of which a detailed report is
necessary.

• In a preliminary stage, to better understand the chal-
lenges in using EBP we conducted a rapid review
searching for secondary studies on its adoption.

• In a first stage, we conducted an EBSE awareness
lecture to AGESIC members, followed by a focus
group session to study their perceptions on the value
and limitations of EBSE.

• In a second stage, we followed up our investigation
with a survey that sought to establish whether the
ideas presented in the EBSE lecture had had any
impact on the agency working practices.

Due to the fact that the information required to fully
report the conduct of a qualitative study (i.e., [12, 22]) like
ours exceeds the size limits of the original paper, details
of the design, conduct, and data analysis of our study are
presented here. It is worth noting that ethical considerations
are explained in detail in the original paper, so we do not
repeat them here.

1. Rapid review on EBP adoption
Pizard planned and conducted a rapid review in June

2019, which was then updated in January 2020. The ob-
jective was to search for secondary studies on the adop-
tion or impact of EBP or systematic reviews. It was con-
ducted in SCOPUS with the following search string: TITLE-
ABS ((adoption OR transfer) AND "evidence based" AND
("systematic review "OR" mapping study "OR" systematic
literature review "OR" slr "OR" scoping study ")). As a

spizard@fing.edu.uy (S. Pizard)
ORCID(s):

result, 278 candidate studies were obtained in the initial
search, and in the update 26 were added. From these 304, we
selected (by reading title and abstract) the only five studies
that were systematic reviews on the adoption or impact of
EBP or systematic reviews. To aggregate the studies we used
descriptive coding [11] and constant comparative method
[19].

Rapid review results can be very limited, but we accepted
this limitation since our goal was to gain some knowledge
about EBP adoption in other disciplines in order to have
more information to compare with our study results.

Table 1 presents the resulting systematic reviews on EBP
adoption. For each systematic review we included: reference
to its report (1st column), discipline to which it corresponds
(2nd column), its objective (3rd column), the period it covers
(4th column), the search engines used (5th column), and the
papers finally selected from the total number of papers found
by the search strategy (6th column).

2. Focus Group design and conduct
The focus group was conducted on August 26, 2019

at the agency’s facilities. To design and conduct the focus
group, we used the guidelines included in the literature
[6, 8, 9]. The details of the research design, conduct and
validation are presented below.

Motivation and conditions for collaboration The for-
mer director of the Information Technology area division
is also a teaching assistant at Universidad de la República.
In late 2018, he attended a talk our research group gave
on technical debt, which included results from a secondary
study. Afterwards, he suggested to us that the concepts of
technical debt and evidence-based practice could be useful
to the agency. Members of our research group told him
that we were doing research on both topics, although he
had no detailed knowledge of our research or interest in its
results. Subsequently, we began conversations that led to the
delivery of two lectures: one on technical debt and the one
on EBSE. We also agreed that we would be allowed to study
the participants’ views of EBSE.

Participants’ selection. A call for participation via
email was made within the Information Technology area of
AGESIC. Below we reproduce the lecture invitation briefing

Pizard et al.: Preprint submitted to Elsevier Page 1 of 6
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Study Discipline Purpose of study Period Search engines Papers
[17] Social work-

ers
EBP orientation,
attitudes and
implementation

2003-
2012

Academic Search Complete, Cumulative Index of Nursing
and Allied Health Literature (CINAHL) Plus, American Psy-
chological association databases (e.g., Psych info and Psych
Articles), Medline, Journal Storage (JSTOR), and Science
Direct

32/ 2302

[4] Healthcare
policy

Strategies to pro-
mote the impact of
SLRs

up to
2/2010

Pubmed, CINAHL, The Cochrane Library (including the
Cochrane Database of Systematic Reviews, DARE, Methods
Studies, Technology Assessments and Economic Evaluations)
and ISI Web of Science

11/768

[24] Occupational
therapists

Attitudes,
knowledge, and
implementation of
EBP

2000-
2012

Academic Search Complete, Cumulative Index of Nursing
and Allied Health Literature Plus, PsycARTICLES, Ingenta,
Medline, Science Direct, and Journal Storage

32/12990

[18] Physiotherapy EBP adoption -
barriers, enablers
and interventions

2002-
2012

Academic Search Complete, Cumulative Index of Nursing
and Allied Health Literature Plus, American Psychological
Association databases, Medline, Journal Storage, and Science
Direct

32/NS

[15] Medicine Barriers to EBP
adoption

2000-
2013

PubMed, Scopus, Cochrane library, Web of knowledge, Pro
Quest, Magiran (Persian database) and SID (scientific infor-
mation database – Persian database) databases

106/2592

Table 1: Some systematic reviews on EBP adoption on different disciplines

sent to the members of the Information Technology area of
AGESIC.

Lecture. Introduction to evidence-based software engi-
neering.

Places. 25 people
Description of the topic.
In general, knowledge is derived from evidence through

a process of interpretation. This occurs, for example, when
a scientist studies medical records to show that smoking
tobacco causes lung cancer. In areas with empirical or ex-
perimental research, the evidence is obtained through obser-
vations and measurements, the results of which are reported
in one or more scientific publications. In the relatively recent
past, in order to have the most current knowledge on a subject,
it was common for an expert to review the publications that
he believed were most relevant and current. These traditional
reviews have biases related to the experience of the researcher,
their subjectivity, and they are not entirely reproducible.

To improve the aggregation of evidence, evidence-based
practice (EBP) emerged for medicine in the 1970s. The EBP
seeks to use an objective, rigorous and planned approach to
select relevant studies and to synthesize the results of those
studies. The methodological rigor makes the results more
reliable since it is possible to study the procedure carried out
to obtain it as well as to reproduce it. In medicine, EBP has
been essential to help control risk factors for heart attack and
stroke, to transform HIV from a fatal to a chronic infection, to
test drugs for hepatitis C, and to improve treatments for some
types of cancer.

The techniques used in EBP are called secondary studies,
since they perform the aggregation of evidence from other
studies (called primary studies). The main secondary study is
the systematic literature review (SLR). SLRs make it possible

to collect and synthesize evidence from different sources in a
more objective and rigorous way.

The introduction of EBP in the area of software engineer-
ing began in 2004, called EBSE, and was widely accepted
by researchers. It is estimated that more than 200 secondary
studies have been published during the first ten years.

Meeting objective. To provide a brief introduction to
evidence-based software engineering and the main practical
aspects of using evidence. During the meeting, the main
fundamentals of research in software engineering and a case
of application of a SLR in software engineering will be
presented. This lecture will help participants understand the
report and results of a secondary study, they will see how it
is possible to use the evidence obtained through this type of
study.

Attendee profile. Practitioners of the software industry.
It is not limited to professionals with university degrees in the
area, but it is sufficient that they have been linked to at least
one software development or implementation project.

Pre-lecture Questionnaire We created a non-compulsory
pre-lecture questionnaire in Google forms and sent it to all
those Agency staff who had confirmed their attendance. The
translation of the questions (originally in Spanish) is shown
below.

S1 What is your position or role within the organization?
Explain very briefly what activities you do.*

S2 How do you obtain information to support decision
making, eg. choose a technology?*

– Talking to colleagues.
– Reading blogs or internet forums.
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– Reading books.
– Attending events or workshops.
– Studying what others do (companies or agen-

cies).
– Reading specialized magazines.
– Other...

S3 How old are you?*
S6 What is your highest completed level of education?*

– Elementary School
– High School
– University Degree
– Specialization or Master’s Degree
– PhD

S8 What is your reading comprehension level in English?*
– Very bad, Low, Good, Very good, Excellent.

Technical initial briefing. The initial presentation had
the following content:

• Software Engineering Research - Brief introduction
to research, software engineering research, and scien-
tific publications (e.g., purpose, parts and types of a
research paper).

• Evidence-based software engineering - Brief intro-
duction to EBSE, including: review process, methods
within EBSE and types of issues that can be addressed
with EBSE.

• Adoption of EBSE - Brief introduction to using an
SLR. For this, we presented an SLR, published in
Spanish (participants’ mother tongue) and with a topic
of potential interest to the participants [25]. Each stage
of the review process was explained indicating its ele-
ments in the example. An example of EBSE in action
applied to the industry was also briefly presented [5].

Discussion sessions design. Thirteen agency staff at-
tended the lecture but only eleven attendees agreed to take
part in the discussion, but one of them participated only in
the combined session. In a first stage, the participants worked
in group sessions. Two groups were formed (without any
segmentation strategy), each one with five participants and
a moderator. They were asked to discuss the benefits and
limitations of EBSE. They were encouraged not only to say
whether EBSE would be useful or not, but also to raise
arguments or situations that would support their position. In
a second stage, in a combined session, each group shared
and discussed their reflections with the other group. In both
sessions took aproximately 20 minutes.

Only the 11 participants and the three university re-
searchers staff who ran the focus group were present during
the discussion sessions.

Moderator roles Pizard (R1) made the initial presen-
tation and gave the focus group instructions. Pizard’s main
PhD research concern is the use of evidence-based practice

in SE and this study is part of his work. In particular, he has
been studying barriers and facilitators in EBSE adoption.
Recently, he authored a study of EBSE and systematic
review training intended for university students [13].

Both moderators, Cecilia Apa and Fernando Acerenza
(R2 and R3 in transcripts), were active researchers and were
teachers of at least one of the three courses on EBSE and
SLRs that were taught in recent years at our university.
However, they had no vested interest in the success or failure
of the present study.

All researchers had eight years or more experience of
conducting lectures and tutorials. Both Apa and Pizard hold
a Master’s degree in Computer Science, while Acerenza has
a Master’s degree in Software Engineering.

Moderators had been advised to minimize intervening
in the discussion so as not to influence the results. However,
they could intervene when a participant made a very obvious
misinterpretation of EBSE, or it was necessary to clarify
something to continue the discussion.

In addition, the moderators were instructed to ensure
that all the participants had the opportunity to express their
opinion. This is important in order to mitigate three risks:
the negative influence of authority relations [8] (i.e., some
managers participated in the activity), that more assertive
participants dominate the discussions, or that the audio
recordings would discourage participation [10].

Discussions in both groups began with an open brain-
storming session about EBSE pros and cons and ended with
the moderator listing the points that were raised seeking to
confirm them and expand the discussion. As requested, the
moderators restricted their interventions to clarification, for
example, asking a participant to provide a better explanation,
or to give an example to support their statements. Also,
in one group, the moderator had to explain the concept
of mapping study. It was not necessary for the modera-
tors to undertake any special actions to ensure individual
participation. All participants were actively involved in the
discussion.

Relevant study design decisions. Some important de-
sign decisions made relate to: participants’ understanding of
EBSE and study location.

As EBSE was a novel concept for most of the partic-
ipants, there was a risk that they misinterpret some of its
aspects or the purpose of the focus group. In order to mit-
igate this, we adopted two strategies, a simple presentation
was prepared and specially adapted to the participants, and
special attention was paid during the data analysis to identify
possible misinterpretations.

The location choice is an issue with certain conse-
quences [1]. We were invited to hold the meeting at the
agency’s facilities. We did not propose an alternative, since
we believe that conducting the study at the agency’s location
would encourage a high level of participation. Any off-site
location would involve moving participants around town and
risk needing to conduct the study outside of the participants
normal working hours, two issues that would discourage
participation.
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Participant validation. In December 2020, we con-
tacted the agency and sent participants a summary of the
study results1. Seven participants responded, five from the
IT Optimization division, one from Emerging Technologies,
and one from Governance Architecture. They agreed with
the results summary and did not suggest any changes.

3. Focus Group Data analysis
Each moderator took notes during the discussions and all

the sessions were recorded in audio.
In order to analyze the data we used qualitative thematic

analysis. Thematic analysis is generally described as ‘a
method for identifying, analysing and reporting patterns
(themes) within data’ [3], and is one recommended approach
for analyzing focus group data [20].

As theoretical framework, we used an essentialist or
realist approach. In this approach, it is assumed that there
is a largely unidirectional relationship between meaning and
experience and language, from which it is possible to study
motivations, experiences and meanings directly from the
expressions of the participants [3].

To carry out the analysis we followed a process adapted
from thematic analysis [3, 20], whose main characteristics
are: familiarization with the data, initial coding, and identi-
fication of themes together with quotes that illustrate them.

We started with a (1) verbatim transcription of all au-
dio recordings (including each group session and combined
sesion), generating a total of 19 pages of data.

We had three distinct data sets: group session transcripts,
combined session transcripts, and moderators’ notes. During
the combined session the participants reviewed the opinions
they had expressed in the group sessions. The moderators’
notes also summarized the group sessions. So, we decided to
conduct an in-depth analysis of the group session transcripts
and then validated them with the information from the rest
of the data set.

Subsequently, transcripts were uploaded to Saturate2, a
freeware software tool that allows coding and categorizing
texts. Then, we used descriptive coding and the constant
comparative method [19] to (2) classify all the positive and
negative opinions of the participants in relation to EBSE
made during the group session. Our unit of analysis (and
coding) were phrases within each participants’ interventions
(or an entire intervention, if applicable). We consider an
intervention as a fragment of conversation in which a single
participant speaks and that can be preceded or succeeded by
interventions made by other participants.

Later, we (3) identified discussion themes from the
codes used and we selected quotes to illustrate each
theme. At the end of this step we had an idea of what
each theme was and the overall story the data tell about the
participants’ opinions about EBSE.

1This is a method of validating results sometimes referred to as member
checking [2].

2http://www.saturateapp.com/

We (4) verified the previous analysis results and ex-
tended it using the transcript of the combined session and
notes by moderators. In this step, more insightful quotes
or additional elements were included. No new themes arose
from this step.

To report the results, as the language used by the partici-
pants was Spanish, we worked with an experienced translator
to create accurate English versions of the selected quotes.

Up to this point, all the analysis was carried out by
Pizard. Subsequently, Acerenza carried out independent
checking of the analysis process and its results. Acerenza’s
suggestions and comments on the analysis were discussed
with Pizard until they reached agreement on all issues.

To improve reliability (e.g., to avoid misinterpretation
of the data), we had a rigorous analysis process planned
in advance. We also used three approaches to improve re-
liability [14]: systematic tracking of all data, triangulation
(recording of audios and notes by moderators) and peer
debriefing (i.e., the participation of two researchers instead
of only one). In addition, to avoid misinterpreting the data,
we used participant validation [14]. For this, as mentioned
before, we sent a brief report of the results (including all the
selected quotations) to the participants for their validation.

4. Survey Design and Conduct
The main purpose of the survey was to collect the

participants’ opinions about any impact that knowing EBSE
had on their work practices. In addition, to better understand
the context in which the participants could make use of the
evidence generated by the SLRs, we sought to investigate
what type of literature the participants usually utilize.

The survey was conducted simultaneously with the val-
idation of the first stage-results. It was designed and con-
ducted following recommendations and guidelines proposed
in the literature [7, 23]. The survey design and conduct
considerations are described below.

The participants were the unit of analysis for the survey
and the group of AGESIC members, that participated in the
first stage of our investigation, was the target population.
Participation was optional but not anonymous.

Pizard created the questionnaire based on recommen-
dations from Vallespir and Kitchenham. The final version
was reviewed by Vallespir and a study participant (our
contact at the agency at that time). In essence, the survey in-
strument was a self-administered questionnaire with eleven
questions (some of which were open questions, to allow
the participants to explain their answers more completely).
The questionnaire was designed in Google Forms, and was
available for one month (from December 23, 2020 to January
26, 2021). The translation of the questions (originally in
Spanish) and the flow of the survey are shown below.

S1 Have you used any ideas seen in the EBSE lecture in
your working practices?*

– Yes
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– No [Skip to question 3 and after to question 6]

S2 Indicate what you have done
– Conducting a secondary study (systematic re-

view, mapping study, or rapid review).
– Using an existing secondary study (systematic

review, mapping study, or rapid review).
– Using search engines for scientific articles.
– Undertaking a critical appraisal of reports that

compare different technologies.
– Other activities, indicate which.

S3 Indicate your first and last name. This information will
be used to relate your answers to previous results.*

S4 Of the ideas you used, did you find anything particu-
larly difficult?*

S5 Of the ideas you used or their results, did you find
anything particularly useful?* [Skip to question 8]

S6 What is the main reason why you did not use anything
seen in the EBSE lecture?*

– The ideas do not fit the way of working.
– I have had no chance or need.
– I tried to use the ideas but was unsuccessful.
– The lecture was not enough for me to understand

how to apply the ideas of evidence-based prac-
tice.

– Other reasons, indicate which.
S7 Do you think that your knowledge about EBSE could

be used in the future? For what?*
S8 Did knowing about EBSE MOTIVATE you to improve

or change any activity in your working practices?*
– Yes [Skip to question 9]
– No [Skip to question 10]

S9 In which activities, tasks, problems or situations do you
perceive that you have changed after learning about
EBSE?*

S10 What kind of literature do you use in your practice at
the agency? *

S11 Could you indicate titles or links (this is preferable) to
two typical examples of the literature you use?*

To minimize the risk of participants misunderstanding
what the survey was about or not remembering the EBSE
lecture, we included a paragraph summarizing EBSE pur-
poses and a very brief description of the meeting held in the
first stage of this research.

To improve the survey capacity to correctly collect the
information required to answer the research question, we
took two actions. First, the questions were very specific and
the most relevant to our research required participants to pro-
vide examples or justifications. In addition, in order to relate
the participants’ responses with their characteristics (e.g.,
agency division or academic degree) and their participation
in the previous stage of this study, we requested that they
identified themselves with their first and last names.

To improve survey participation, we used some prin-
ciples listed by Smith et al. [21]. We applied brevity by
including as few and as specific as possible questions, and
designing a survey dynamic presentation (i.e., items and
response options participants receive are based on their prior
choices). We applied the authority and credibility principles,
along with social benefit, by stating that their participation
would contribute to our research and to gain a better under-
standing of EBSE adoption. In addition, as it is specifically
recommended to improve the response rate in follow-up
studies [16], we asked our contact at the agency to send two
reminder emails (spaced approximately by two weeks).

5. Survey Data analysis
To analyze responses of S1, S2, S6, and S8 we counted

the number of responses in each response category. In S4,
S5, S7, S9, and S10 the textual responses were collated
and we used descriptive coding and constant comparative
method to classify the responses (without pre-existing codes
[S5, S10], or use as initial set of codes based on the activities
presented in subsection 5 [S7, S9] and the barriers presented
in Table 2 and in subsection 5.2 [S4]). The responses from
S11 (i.e., examples of publications used by participants)
were listed and mapped with the results from S10 (i.e.,
types of publications used). The result of this mapping was
also classified into the grey literature layers. This analysis
was performed by Pizard. Later in a meeting, Pizard and
Acerenza discussed the analysis process and its results,
agreeing on all the decisions made.

For the open questions (those with textual responses)
we sought to use the thematic analysis approach. Although
in these cases the data sets were quite small, we decided
not only to code but also to identify themes from the codes
used, understand what each theme was about, review their
consistency, and identify quotes that illustrate each of them.
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2 Sebastián Pizard et al.

1 Introduction

Cartaxo et al. (2018) introduced the concept of rapid reviews (RRs) to software
engineering (SE) researchers to address concerns that standard systematic reviews
(SRs) take too long and require too much effort to be of significant value to
the software industry. They explained that, “RRs are lightweight secondary studies

focused on delivering evidence to practitioners in a timely manner”. To achieve this,
reviewers simplify or skip steps from full SRs. For example, RR process options
include only having one reviewer, omitting quality assessment of the studies, or
limiting the literature search.

RRs were first used in health care, and have proved to be extremely useful,
especially in emergency situations. For example, during the COVID-19 pandemic
more than 3000 RRs were conducted (Tricco et al., 2022). They are also recognized
as a good option for low-resource settings, in which there is no capacity to produce
a full SR. Given this recent explosion of RRs in medicine, they have been studied
in greater depth to reach agreement on their characteristics and methods (see, for
example, Tricco et al. (2022); Mijumbi-Deve et al. (2022); Kelly et al. (2022);
Wilson et al. (2021); King et al. (2022)).

RRs could become a valuable resource in SE for several reasons. In a similar
way to what happened in the health field, they would make it possible to obtain
recommendations to address problems or improve practice based on offering evi-
dence in short time scales or for low-resource settings. Moreover, because they are
designed to tackle issues collaboratively with practitioners, RRs could establish a
connection between EBSE and professional practice in a manner that SRs have not
yet accomplished (Rico et al., 2024). For example, Hassler et al. (2014) identified
a significant barrier to SRs in the lack of industry connection, and Cartaxo et al.
(2016)’s survey of Stack Exchanges users revealed that SRs often fail to address
practitioners’ specific questions. A tertiary study examining 120 SRs by Da Silva
et al. (2011) found that only 32 providing recommendations for users, highlight-
ing a gap in their practical applicability. Furthermore, Kitchenham et al. (2015)
discussed only a single paper reporting a direct EBSE application in industry up
to 2015 (Kasoju et al., 2013).

In their original paper, Cartaxo et al. (2018) evaluated the perceptions of
some practitioners on the use of an RR to support decision-making in an industrial
setting. The results were promising. Practitioners perceived that RRs offer reliable
results and reduced decision-making time, and help better understood the problem
and potential solutions. Two months later, the practitioners reported that they
had adopted some of the evidence provided. In subsequent publications, Cartaxo
et al. (2019, 2020) encouraged RR producers to publish their experiences and the
feedback received from companies or practitioners to better inform SE researchers
of the benefits and limitations of RRs.

We agree with Cartaxo and his colleagues, that SE researchers and practition-
ers would benefit from having more knowledge about the practical use of RRs,
and this is the rationale for this replication study. In particular, our main focus
is on determining whether RRs can assist practitioners in utilizing the findings of
SE research, even in the absence of prior experience in SE research.

To fulfill this objective, we (1) conducted a systematic review on SE RR to
explore the characteristics of RR adoption in our field, and (2) carried out a
replication of the original study by Cartaxo et al. (2018).
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Our replication involved assessing the use of RR in SE, with a particular em-
phasis on their potential to assist practitioners without experience in SE research.
Specifically, it implied conducting an RR designed to assist a software company in
addressing a real-world problem and evaluating practitioners’ perceptions of the
RR results. The systematic review, although smaller in scope, allows both posi-
tioning our replication and its results with respect to previous SE RR research
and an overview of how RR studies are used in SE research.

The rest of this paper is structured as follows.

– In Section 2 we briefly outline the main characteristics of RRs both in the
health field and in SE.

– In Section 3, we report a systematic review of the RRs published in SE.
– In Sections 4 to 7, we used Carver (2010)’s guidelines for reporting experimental

replications and the principles and criteria for Action Research (the research
method used both in the original study and in our replication) proposed by
Davison et al. (2004). Specifically:
– Section 4 presents the main characteristics of the original study by Cartaxo

et al. (2018)
– Section 5 presents the main aspects of our replication, this includes our re-

search purpose (5.2), the research context (5.3), ethical issues (5.4), research
steps (5.5), variations from the original study (5.6), and data collection and
analysis procedures (5.7).

– Section 6 presents details of the RR protocol and conduct.
– Section 7 presents the results of our replication.

– Section 8 presents a discussion of the results of our systematic review and our
replication.

– We present our concluding remarks in Section 9.
– Finally, Appendices I and II include additional information on the conducted

RR and the data analysis of our replication study, respectively.

It is essential to point out that the replication was conducted before the sys-
tematic review. However, the systematic review is presented first in the paper to
provide readers with more detailed information about RRs in SE and healthcare,
enabling them to better evaluate the methodology and significance of our replica-
tion. The systematic review did not influence the conduct of the replication but
provides additional information to assess the benefits and risks of RRs in SE.

2 Rapid Reviews

This section introduces RRs and their application in SE. First, we summarize the
types of literature, and subsequently provide a brief overview of the definition and
characteristics of RRs, as they are commonly used in the healthcare field. Second,
we summarize the main characteristics of RR in SE, as proposed by Cartaxo et al.
(2018). Finally, we outline the main differences between RRs and other types of
literature reviews.

2.1 Types of Literature Reviews

Ralph and Baltes (2022) classified literature reviews in the following types.
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Ad Hoc Reviews: These involve discussions of specific literature, e.g., com-
monly found in the related work section of most research papers. Researchers use
purposive sampling, i.e., selectively choosing papers or studies that are useful, rel-
evant, or supportive of their arguments. This unsystematic approach introduces
sampling bias and challenges replication.

Systematic Reviews: These literature reviews follow a systematic, replica-
ble process for selecting primary studies. The management and analysis of these
primary studies define the type of systematic review. Apart from rapid reviews,
which will be discussed in the next subsection, the types of SRs include:

– Meta-analysis: An archetypal SR that examines a set of randomized controlled
experiments with the same independent and dependent variables.

– Meta-synthesis: Also known as thematic analysis, narrative synthesis, meta-
ethnography, and interpretive synthesis, this approach involves aggregating
qualitative studies. Meta-synthesis serves as the constructivist counterpart to
meta-analysis.

– Case Survey (aka Case Meta-analysis): These reviews convert qualitative
accounts (i.e., case studies) into a quantitative dataset for null-hypothesis test-
ing.

– Critical Reviews: These reviews analyze a selection of primary studies to
support an argument or critique. They mainly contribute to the meta-scientific
discourse, which involves the internal discussions within a scientific community
about research practices.

– Scoping Reviews (aka Systematic Mapping Studies): These reviews aim
to understand the current state of research on a particular topic, typically by
categorizing primary studies. Scoping reviews are generally mostly descriptive.

Ralph and Baltes (2022) defined RRs as a form of meta-analysis that “makes

methodological compromises to reduce completion time”. They argue that RRs are
only justifiable if waiting for a full review would be harmful, and that such cir-
cumstances are rare in software engineering.

2.2 RRs in Health Field

In the absence of a consensus, the Cochrane Rapid Review Methods Group pro-
posed the following definition of an RR: “A rapid review is a form of knowledge syn-

thesis that accelerates the process of conducting a traditional systematic review through

streamlining or omitting various methods to produce evidence for stakeholders in a

resource-efficient manner” (Hamel et al., 2021).
RR stakeholders (aka knowledge users) are individuals likely to use research

evidence to make informed decisions across various fields such as health, educa-
tion, policy-making, and industry (Garritty et al., 2024). This group includes pub-
lic partners, practitioners, policymakers, educators, and industry leaders. Their
involvement in conducting RRs aims to produce relevant, useful evidence for
real-world applications, enhancing evidence integration into practice and decision-
making. Moreover, RRs are often commissioned by decision-makers and organiza-
tions when urgent decisions are needed, typically due to resource constraints like
limited funding (Garritty et al., 2024). Among the stakeholders, requesters are
distinguished by their role in requesting the RR, defining the information needs,
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participating in the RR process (e.g., validating results), and disseminating the
results (King et al., 2022).

Several mechanisms can be employed to strike a balance between timeliness
and resource constraints when conducting a rigorous knowledge synthesis process
to inform practice. Many researchers concur that there is no universally appli-
cable approach to conducting RRs, and often, the choice of mechanisms should
be tailored to the specific topic under investigation and the stakeholders’ needs
(King et al., 2022; Watt et al., 2008). Recent studies surveyed the most commonly
used practices in RRs (King et al., 2022; Garritty et al., 2021) and identified the
following key characteristics of RRs.

The most fundamental key to success is maintaining early and continuous
engagement with the research requester King et al. (2022). This collaboration
helps focus the RR and ensures its alignment with the stakeholders’ needs. It is also
recommended to discuss with stakeholders their expectations for communication in
advance and adapt the reporting and dissemination approach to prioritize practical
needs (Kelly et al., 2022).

Methods can be streamlined at all stages of the review process, from the initial
search to synthesis King et al. (2022). This can be achieved by limiting the search
in terms of dates and language, restricting the number of electronic databases
searched, assigning a single reviewer for study selection and data extraction (of-
ten with verification by another reviewer), limiting risk-of-bias assessment for the
most important outcomes, and opting for a descriptive synthesis rather than a
quantitative summary.

Like conventional SRs, the protocol serves as the starting point for the review,
however, methodological decisions often evolve iteratively, involving requester par-
ticipation Wilson et al. (2021). Any modifications to the protocol should be re-
flected in the final report. Researchers must transparently document their method-
ological choices, which should be communicated to stakeholders, to ensure that the
evidence review is suitable for its intended purpose. Since the potential bias in-
troduced by these choices may not be evident, transparency is indispensable King
et al. (2022).

2.3 RRs in SE

Cartaxo et al. (2018) proposed RRs as a means to transfer knowledge from research
to SE practice. They identified some key characteristics of RRs in SE, which,
slightly adapted, are:

– Timely results and reduced costs: In general, SRs are produced in relatively
long timelines (several months or years) by a team of reviewers. Instead, RRs
have shorter timelines that seek a compromise between the needs of practition-
ers and methodological rigor, considering timelines between days, weeks, and
months depending on the stakeholders’ needs (Wilson et al., 2021). To achieve
these reductions, various strategies can be used, e.g., participation of a single
reviewer, not conducting quality assessment, using specific questions, or using
tables to quickly map and summarize the findings (Cartaxo et al., 2018; Wilson
et al., 2021; King et al., 2022).

– Collaboration with practitioners: A key aspect to achieve a successful up-
take of the RR results is a close collaboration with the decision makers who
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requested the RR (also called review requesters) (Tricco et al., 2022). This col-
laboration should start at an early stage in order to understand the requesters’
information needs and expectations (Garritty et al., 2021; King et al., 2022).

– Appealing media: Cartaxo et al. (2018) highlight as another key aspect as-
serting that the results of an RR should be presented in formats that appeal to
practitioners rather than the conventional research paper format. They specifi-
cally advocate for the use of evidence briefings, defined as one-page documents
summarizing findings from secondary studies (Cartaxo et al., 2016), as a po-
tential method to report the outcomes of an RR.

2.4 Differences between RRs and other types of reviews

First, ad hoc reviews are conducted on an as-needed basis to address specific,
often immediate questions across various contexts. They are more flexible, less
structured, and can vary widely in methodology and duration. While RRs bal-
ance speed with some level of systematic thoroughness, ad hoc reviews prioritize
immediate relevance and flexibility over comprehensive rigor.

Second, while RRs focus on quickly synthesizing evidence to meet urgent needs
(usually with a concise and targeted scope), often with less methodological rigor
and resource investment, SRs generally aim for a thorough and exhaustive synthe-
sis of the literature, ensuring high methodological rigor and comprehensive analysis
(Ralph and Baltes, 2022). RRs provide a more limited analysis of the available ev-
idence, focusing on key findings and major trends rather than in-depth synthesis,
which is typical of SRs as they seek to compile robust and nuanced evidence.

Third, in the case of mapping studies (or scoping reviews), their aim is to
offer a broad overview of the research landscape, identifying gaps and trends in
a specific field (Ralph and Baltes, 2022). They typically categorize and map the
literature without necessarily synthesizing detailed findings from primary studies.
This differs from RRs, which focus on rapidly synthesizing evidence to address
urgent decision-making on specific questions.

3 SE Research Using RRs

In order to assess take-up of RRs in SE, we conducted a systematic review of RR
research based on citation analysis of two of Cartaxo’s papers (Cartaxo et al.,
2018, 2020). Our research questions were:

– RQI: What is the extent of take-up of RRs in the SE domain?
– RQII: What was the scope of these studies?
– RQIII: What are the methodological characteristics of the reported RRs?
– RQIV: Which studies contributed to assessing the value of RRs and what have

they found?

We searched for citations of Cartaxo et al.’s papers on the publication sites
of the two papers in their respective publication sites (ACM and Springer respec-
tively) and Google Scholar. The process of our review had two iterations and its
complete details an expanded results can be found in the supplementary material
to this paper. The last search took place on November 27, 2023, and identified
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150 citations. We found 23 publications of interest, including articles from confer-
ences or journals and book chapters (Ponce et al., 2019; Radu, 2020; Baldassarre
et al., 2023; Marchetto, 2023; Matalonga et al., 2022; Abdelfattah and Cerny, 2023;
Păvăloaia and Necula, 2023; dos Santos et al., 2023; Hidalgo et al., 2024; Lonetti
et al., 2023; Paes et al., 2023; Barletta et al., 2023; Baldassarre et al., 2021; Pizard
et al., 2023; Fritzsch et al., 2023, 2022; Rufino Júnior et al., 2023; Furukawa et al.,
2022; Song et al., 2022; Loli et al., 2020; Bjarnason et al., 2023; Motta et al., 2023;
Rico et al., 2024). Below RQs are answered using tables and summaries. Cross-
references to study characteristics are reported in the supplementary material.

3.1 RQI: Extent of take-up of RRs in the SE

We found 23 papers reporting RRs in SE, although one of them analyzed the
process used by two previously published RRs (Rico et al., 2024). Since this study
includes additional objectives and information to the original studies, we maintain
it in our following analysis except in situations where otherwise indicated. 15 of
these studies were published in 2023 (prior to Nov 23).

Researchers from 13 countries participated in the studies. Table 1 shows the
number of papers and the number of researchers from the different countries of
affiliation of the authors (some authors have more than one affiliation). A co-
author of the original RR in SE studies participated in one of the studies (Loli
et al., 2020).

Country Number of Papers Number of Researchers

Brazil 7 24
Italy 6 15
Sweden 3 9
Portugal 2 5
Germany 2 8
Romania 2 3
UK 2 2
Chile 2 4
France 1 2
Uruguay 1 3
USA 1 2
Spain 1 1
The Netherlands 1 1

Table 1 Number of papers and researchers from the countries of authors’ affiliations.

3.2 RQII: Scope of the studies

Thirteen of the studies report an RR aimed at acquiring knowledge in a specific
field, with some studies explicitly indicating this intent while others do not (though
they also refrain from reporting any alternative use or motivation). The remaining
10 studies had broader goals, as shown in Table 2. For example, some of them
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sought to complement or validate the RRs’ results, while others used the RRs’
results to develop a model, catalog, or artifact.

Table 2 Scope of SE RRs.

Number of Studies

Purpose of the study1

Conducting an RR. 13
Creating a model/catalog/artifact using the RR results as input. 3
Conducting an RR and complementing/comparing its results with
stakeholders’ opinions.

6

Investigating the RR methodology. 1

Type of stakeholders2

Software industry 6
University students 2
Government agency 1
Other industry 1

Stakeholder participation2

RR results are reported as starting point for future collaboration with
stakeholders.

2

Stakeholders participated throughout the RR process. 3
Stakeholders validated RR results. 2
Stakeholders validated the model, catalog, or artifact created. 33

Stakeholders participation was used to complement RR results. 2
Stakeholders participation’s results were compared to RR results 2

1 Including all 23 papers reporting SE research using RRs.
2 Not including (Rico et al., 2024) as it analyzes two previously published RRs.
3 Two of these studies involved conducting families of RRs.

Nine studies report conducting an RR and complementing/comparing its re-
sults with stakeholders’ opinions (refer to Table 2). Additionally, in another study,
the RR served as a starting point for collaboration with stakeholders, but neither
their participation nor feedback is reported.

Table 3 shows topics addressed by RRs in the 22 studies excluding (Rico et al.,
2024). The number of topics covered is greater than the number of studies because
some studies reported multiple RRs on different topics. Studies that reported
multiple RRs on the same topic were counted once only. Table 3 confirms that
13 of the most commonly addressed topics related to the software process (i.e.,
software construction, software testing and software maintenance), and technology
impact was another frequently addressed topic.

The vast majority of RRs included only white literature. However, three RRs
include grey literature and another one was conducted in conjunction with a grey
literature review. Two studies aimed to search for software tools (the selection
ends in Gitlab or Github) and another study searched for both models and tools
(both within white literature).

3.3 RQIII: Methodological characteristics of published RRs

Table 4 summarizes the reporting limitations and process changes that we found
in the papers reporting RRs.
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Topic Number of Studies

Software construction 5
Technology impact 5
Software testing 4
Software maintenance 3
Software tools 2
SE professional practice 2
SE models and methods 2
Software design 1
Software process 1
Evidence-based practice 1

Table 3 Topics of the RRs conducted in SE, not including (Rico et al., 2024) as it analyzes
two previously published RRs.

RR Process Issues # of
Studies

RR Reporting Issues Decreasing Transparency and Reproducibility

Did not report synthesis methods adequately 18
Did not include the full date of the search 15
Did not report number and roles of reviewers 9
Only reported number and roles of reviewers for some stages 8
Did not cite primary studies 7
Did not mention limitations 6
Reported results only via an Evidence Briefing 2

Process Changes that could Bias RR Recommendations

Omitted risk of bias evaluation (i.e., quality assessment) 21
Used a single search engine 12
Used a single researcher for 1 or more stages 8
Used a subset of the studies found in searches 4
Included additional studies without explanation 3

RR Risk Reduction Processes

Used a single search engine complemented with snowballing 4
Used an Evidence Briefing with additional commentary about RQs 2
Used only primary studies cited in related SRs 1
Used tools to assist analysis and classification 1

Table 4 Reporting issues and process characteristics of the RRs conducted in SE, not includ-
ing (Rico et al., 2024) as it analyzes two previously published RRs.

In most studies, adequately considering the RR process or its results is chal-
lenging due to insufficiently reported information. In general, detailed information
is provided about the sources used and the information search stage, less informa-
tion about selection and extraction. But the synthesis stage is the worst reported
(only four studies report it adequately).

Additionally, inadequate reporting of synthesis methods hinders reproducibil-
ity in most SE RR studies. Barletta et al. (2023) and Motta et al. (2023) are the
only exceptions, offering comprehensive details crucial for reproducibility, includ-
ing details such as the date of search, the list of primary studies, and synthesis
methods used.
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Finally, there is confusion about the term “protocol”. Some studies use it cor-
rectly for the artifact that guided their RR conduct, while others use the term
to refer to the generic RR process. Only five studies mention using a protocol
(Furukawa et al., 2022; Matalonga et al., 2022; Motta et al., 2023; Rufino Júnior
et al., 2023; Song et al., 2022), and only one makes the protocol available to read-
ers(Motta et al., 2023).

3.4 RQIV: Studies assessing the value of RRs

Six studies confirmed the value of RRs by validating their outcomes (or the models
created from them) through collaboration with stakeholders outside the review
team.

– Furukawa et al. (2022) conducted an opinion survey with IT professionals (75%
out of 20 participants having postgraduate level education) to validate the RR
outcomes.

– Song et al. (2022) conducted an RR as a starting point in a collaboration with
a software company.

– Loli et al. (2020) created a catalog of object-relational mapping code smells
in java using results of an RR. The researchers undertook an opinion survey
to validate the results (97% out of 86 participants with, at least, a bachelor’s
degree).

– Bjarnason et al. (2023) worked collaboratively with a company. In particular,
three RRs were conducted to create a software selection model, which was
validated with a focus group and an application in the company.

– Motta et al. (2023) conducted seven RRs to develop a roadmap for IoT devel-
opment. To validate it, an experimental study was carried out where under-
graduates used and evaluated the roadmap.

– In Rico et al. (2020), the authors analyzed the artifacts of the RR reported
in Song et al. (2022) and one of the RRs reported in Bjarnason et al. (2023).
They also conducted interviews with the RR review teams, aiming to gain a
better understanding of how RRs were conducted.

Although the feedback reports are not extensive or detailed, in all studies,
stakeholders had a positive attitude towards the results confirming the value of
RRs. Except for the study with undergraduates, the others included practitioners
with education achievements of at least degree level.

In the three studies in which researchers collaborated with companies through-
out the RR process (Bjarnason et al., 2023; Song et al., 2022; Rufino Júnior et al.,
2023), the practitioners were technology experts who specialized in topics related
to RR questions. In two of those studies in which the results were validated with
practitioners (Bjarnason et al., 2023; Song et al., 2022), their perceptions of the
results were positive, and their feedback was used to improve the RRs results.
Despite the fact that in one of the studies, the results were not directly applicable
for practitioners (Song et al., 2022), both studies support the view that RRs are
useful in industrial contexts.

Rico et al. (2024) analyzed the artifacts of the RR reported in (Song et al.,
2022) and the first of the RRs reported in (Bjarnason et al., 2023) to evaluate the
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application of recent guidelines for conducting RRs in collaboration with prac-
titioners, as well as to comprehend the benefits and challenges associated with
RRs. The results confirmed that the guidelines were adequate. Conducting RRs
collaboratively benefited the relationship between researchers and practitioners,
fostering an understanding of expectations and establishing a common terminol-
ogy. The main challenges included divergent needs of the review team and the
industry collaborators, inadequacy of the evidence found (necessitating the use
of broad questions), and concerns about short timelines (RR conduct took a few
months but with low weekly effort).

3.5 Conclusions

The majority of papers (13 of 23) did not comment on the validity of the RR
process or the risks entailed by process changes made to reduce timescales and/or
effort neither did they appear to have a specific knowledge user. Of the remaining
papers, the outcomes of the RR were used by the reviewers, or the value of the
RR outcomes was assessed by industry collaborators, or the validity of the RR
outcomes were assessed by other participants.

Current SE procedures for RR conflict with Healthcare recommendations, as
described by Kelly et al. (2022). In particular current RRs often fail with respect
to targeting a specific knowledge user and communicating directly with them,
working from a protocol, reporting in sufficient detail to support reproducibility,
and identifying the methodological strengths and weaknesses of the review. With
respect to targeting a specific knowledge users, Rico et al. (2020) proposed guide-
lines for interactive RRs by revising Cartaxo et al. (2018)’s RR process to include
practitioners. His guidelines also include producing a protocol, and reporting to
the practitioners involved and disseminating the results to other practitioners and
academic audiences. In our opinion, the guidelines identify by Rico et al. (2020)
address most of the problems in current SE RRs, but they could be improved by
including an assessment of the methodological strengths and weaknesses of the
review.

The studies by Bjarnason et al. (2023); Song et al. (2022); Rico et al. (2024)
confirm that RRs can support collaborations between industry and academia.
However, like the RR conducted by Cartaxo et al. (2018), the industry collabo-
ration was in the context of advanced R&D projects and involved practitioners
with experience in SE research —a limitation already identified by Cartaxo et al.
(2018). Our study addresses this research gap by undertaking an RR aimed at
collaboration with industry participants who had no previous experience with SE
research or the use of evidence.

4 Original study on RR in SE

In their study, Cartaxo et al. (2018) not only proposed the use of RRs in SE but
also reported an empirical evaluation of the perceptions of practitioners about the
outcomes of an RR conducted to address a problem identified in their practice.
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Research Question. The researchers asked: What are practitioners’ perceptions

on using Rapid Reviews to support informed decision-making in software engineering

practice?

Context & Participants. To answer this question, the researchers introduced
RRs to offer empirical evidence aimed at enhancing customer collaboration in
agile software development projects conducted by an applied research institution
in Brazil, which offers services such as software development, applied research,
and consultancy. The project aimed to develop a monitoring system for reusable
packages during the production chain of the automotive industry. The practitioners
who participated in the research were the project coordinator (who was the leader
of all project managers) and one of the project managers. They both had a master’s
degree in computer science.

Research Design. Action research was used as a research method. In partic-
ular, a cycle of the canonical action research process was conducted, as proposed
by dos Santos and Travassos (2011a). This process has the following five stages:
Diagnosis, Planning, Intervention, Evaluation, and Reflection.

– In the first stage the researchers explored and established the problem practi-
tioners would help address. As an instrument, they used semi-structured face-
to-face interviews.

– In the planning stage they decided to use an RR and developed the protocol
in collaboration with the requesters.

– The intervention consisted of conducting the RR and transferring the results
to the practitioners. The latter was carried out through the preparation of an
evidence briefing and a workshop to disseminate the evidence.

– The evaluation stage consisted of two semi-structured interviews, one during
the results dissemination workshop and a second interview carried out two
months later.

– The reflection stage included reflecting and reasoning about the previous steps.

To report and disseminate the results of their RR, Cartaxo et al. (2018) utilized
an evidence briefing. Subsequently, their study examined practitioners’ perceptions
of both RRs and the utilization of evidence briefings as a means of disseminating
their findings. The participants often used scientific papers and were, therefore,
able to compare the use of evidence briefings as an alternative means of receiving
scientific evidence.

Results. The results show that practitioners had a positive perception of RRs
information. They reported benefits such as learning new concepts, reducing the
time and cost of decision-making, and improving their understanding of the prob-
lems they faced. Two months after transferring the RR results, practitioners had
adopted the evidence provided. The study also identified some improvements to
the RR process, such as the need for discussing the findings of the RR, avoiding
printing the RR report in black-and-white, and including graphical information
in the report. However, not all the evidence provided by the RR was found to be
useful by the participants, as some strategies were already in place or could not be
implemented. Overall, the study demonstrated the potential of RRs in transferring
research knowledge to SE practice.
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5 Replication Information

As stated above, our study replicates the research conducted by Cartaxo et al.
(2018). This involved conducting a Rapid Review (RR) to provide information for
a software company addressing a real-world problem. We assessed practitioners’
perceptions of considering RR results to enhance their practice, both immediately
after sharing them and a few months later.

Reviewing Cartaxo et al. (2018) results, we found that their RR’s recommen-
dations were SE concepts rather than direct support for decision-making. For
example, a recommendation is “Customer Proxy: Some agile teams use a customer

proxy —a member of the development team coordinating with the customers—to secure

requirements and feedback”. In particular, the recommendations were not presented
as a comparative evaluation of a set of alternative methods to address the re-
questers’ problems. So, we consider both the original study and this replication to
be an evaluation of the use of RRs to support practice in SE, not an evaluation of
RR support for decision-making.

Below, we present the key features of our study, which include the motiva-
tion behind conducting the replication, our research objectives and questions, the
context and research design, and finally, a summary of the differences from the
original study.

5.1 Motivation

Replication of empirical studies is a fundamental activity in the construction of
knowledge in all empirical sciences (Da Silva et al., 2014). The significance of repli-
cations can be viewed from two angles: first, to validate or broaden the findings of
previous studies, and second, to understand the effects of new variables, including
those introduced by changes in the environment (Kitchenham, 2008).

However, despite the growing trend in the number of published replications,
the actual number of replication reports remains small (Cruz et al., 2020). Con-
sequently, many techniques and methods are proposed for SE based on single
empirical studies. This creates difficulties in persuading other researchers, and
also practitioners, to adopt our techniques since they have not found substantial
empirical evidence and the available evidence may not align with their specific
contexts (Weyuker et al., 2011).

Our motivation for undertaking this replication is primarily focused on further
investigating RRs. In light of the positive outcomes reported by Cartaxo et al.
(2018), we became intrigued by the potential of RRs to support practitioners
wanting to address problems that they themselves identified. In particular, we
were interested in collaborating with practitioners who did not have experience
in scientific research. Our research goals were viable because Pizard and Vallespir
worked at the Universidad de la República in Montevideo, Uruguay and, therefore,
had links with the Uruguayan software industry, which has the highest per capita
turnover in Latin America (Escalante and Fagúndez de los Reyes, 2022). It includes
a substantial number of small and medium-sized enterprises, staffed practitioners
with different levels of education and training.
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5.2 Research Goals and Method

As stated above, this is a replication of Cartaxo et al. (2018)’s study and we
have adopted a similar methodology to that used by the original authors, in order
to facilitate comparisons of our results. However, we concentrate primarily on
the issues arising from collaboration with industry, not those concerned with the
format of evidence briefings. This means our research question is limited to the
benefits and limitations of RRs as perceived by the review requesters. Arising from
this goal our research questions are:

– RQ1: What are the perceptions and attitudes about using a rapid review
to support software engineering practice in a software company?

– RQ2: Are there any problems using RR information when collaborator
have no SE research experience?

With RQ1 we sought to replicate the objective of the original RR study in SE.
Meanwhile, we proposed RQ2 to further study the gap that we identified in the
systematic review.

To address these questions, like Cartaxo et al. (2018), we used action research,
a method that integrates research with exploratory actions that promote change
(Denzin and Lincoln, 2017). In particular, researchers and participants (e.g., com-
pany representatives) perform an action or tackle a problem by working collabo-
ratively, and then evaluate and reflect on the results (dos Santos and Travassos,
2011b). Action research supports addressing problems in a pragmatic way without
sacrificing scientific rigor. It also promotes reflection and knowledge generation.
This makes it particularly useful for conducting field research.

We can define our replication as follows (Ralph et al., 2021):

– A methodological replication - same objectives and research method but a
different practitioner problem and a different context (Dennis and Valacich,
2015). Our context, notably, includes practitioners without explicit experience
in SE research.

– A partial replication - addresses a subset of the original research question
(Carver, 2010). Although the research question seeks the same in both studies,
as we mentioned before the original study also sought to evaluate the use of
evidence briefings, which we did not replicate.

– An external replication - the replication team does not share members with the
original study team (Da Silva et al., 2014). It is also necessary to clarify that
we did not have any direct contact with the group of researchers who carried
out the original study.

5.3 Research Context

Here we describe certain aspects of the research context.
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The company: A UK company specializing in digital out-of-home (DOOH)
advertising1. The company’s IT department, located in Uruguay, was responsible
for developing and maintaining a platform to manage advertising campaigns. More
information about the company and the software development team is included
below (see Table 5.5.1).

The requesters: The technical product leader and the project manager ac-
companied all the stages of the project, from the diagnosis of the problems to
the dissemination of evidence. They answered questions, carried out intermediate
validations, and received the recommendations obtained from the rapid review.
For the purposes of this study, we have considered them as review requesters.
The review requesters were the staff members responsible for identifying and in-
troducing any required changes to the software development process. During the
first meeting, the reviewers asked them about their educational level and use of
information sources. Their educational level was Intermediate2 (one with upper

secondary education and the other one with post-secondary non-tertiary education).
As sources of information for supporting practice they usually talked to colleagues,
read technology forums or blog articles, and watched technology videos (e.g., from
the Microsoft youtube channel). Neither of them consulted scientific literature.

Other stakeholders: Three other members of the development team also par-
ticipated in the dissemination workshop of RR results. At the beginning of the
workshop, they were asked what sources of information they usually used, and
they indicated that they neither knew nor consulted scientific literature.

The reviewers: Reviewers were Lezama, Garćıa and Pizard. Pizard has ten
years of industry experience as a technical lead and software quality manager, and
twelve years as a teaching assistant at the university. This study is part of his doc-
toral research that focuses on investigating EBSE adoption. Garćıa and Lezama
were about to finish their computer science degrees. Participating in the RR was
part of their capstone project. Also, both of them had full-time jobs related to
software development. In particular, Lezama was also part of the company’s de-
velopment team and was so during the first half of RR conduct. Both of them were
trained in EBSE, specifically, in the planning and conduct of SRs. The training
was led by Pizard and based on an EBSE and SRs course he teaches (Pizard et al.,
2021, 2022).

5.4 Ethical Issues

Our university did not require our study to be approved by an ethics committee.
However, given the participatory nature of action research, ethical aspects must
be carefully considered, and, in particular, it is imperative to ensure that the
processes are transparent to all participants (Stringer, 2007). Both the company
members and the students (i.e., Garćıa and Lezama) were informed of the purpose
and nature of this research prior to their consent to participate.

In addition, two other ethical considerations were:

1 Digital out-of-home advertising (DOOH) is advertising designed to reach consumers when
they are not at home and that is also dynamically and digitally displayed. This includes digital
transit, digital billboards, and digital place-based displays.

2 According to UNESCO’s ISCED 2011 classification.
https://ilostat.ilo.org/resources/concepts-and-definitions/classification-education/
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– Ensuring that the students’ education experience was not adversely impacted
by the study: (1) Students should not be required to undertake tasks beyond
their capabilities. This concern was addressed by appropriate training and
supervision. (2) The students were assured that the outcome of the study in
terms of whether or not it was favorable to the use of RRs would not impact
their capstone project marks.

– Ensuring that the interests of the company are not adversely affected by the
study: (1) The company would receive the best scientific information to help
them address their process issues. This was assured by the personal experi-
ence and supervisory role of the first author. (2) Commercially or personally
sensitive information would be kept confidential or anonymous as appropriate.
Specifically, only the company and roles are identified, and specific comments
are not attributed to specific individuals.

5.5 Research Steps

Our study used the five steps recommended for action research in SE (dos Santos
and Travassos, 2011b). These were diagnosis, planning, intervention, evaluation,
and reflection.

5.5.1 Diagnosis

In this step, we sought to better understand the company and the knowledgement
management (KM) problems they had. We did this by conducting a face-to-face
meeting at the company’s offices. The meeting, which followed a script3, had the
following parts:

a. We explained the purpose of the study;
b. We briefly presented EBSE and secondary studies.
c. We asked for information from each participant, e.g., their position and senior-

ity in the company.
d. We asked about the project and the team’s characteristics.
e. We asked about the KM problems they were facing.
f. Finally, we agreed on how to continue working.

The meeting lasted ∼1h45min and later its recording was transcribed to facil-
itate our analysis.

In summary, requesters felt comfortable with their software development method-
ology (Scrum with two-week sprints). They reported that although they had cer-
tain KM practices, they faced several problems with the management of knowledge
and documentation used in the software development and maintenance process.
Furthermore, they had tried some solutions without any significant success.

The company used a continuous improvement process that involved identifying
small improvements that were to be introduced in future sprints. Specifically, they
told us that the results of our project were going to be incorporated into that
improvement process, so they preferred a set of small specific recommendations
rather than a single large-scale change.

3 For a version of the script, in English, contact the first author.
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As a validation of this diagnosis activity, we shared a summary of the context
of the company and its KM problems with the requesters, who formally approved
it. This document is reproduced in Table 5.

Context
The company, a spin-off of a UK advertising agency specializing in digital out-of-home
(DOOH), is responsible for the entire life cycle of four products that make up a platform
whose purpose is to facilitate the management of the advertising agency’s campaigns.
The staff is geographically distributed. Outside of Uruguay are the CEO (US) and four ac-
count executives (UK), who are the platform users and maintain contact with the end cus-
tomers. The software development team is located in Montevideo: product owner, project
manager, architect, three back-end developers, one front-end, a DevOps manager, and a
QA.
They use Scrum with two-week sprints. There are daily stand-up meetings and at the
end of each sprint, the progress is validated through demos with the stakeholders (the
CEO, the account executives, and some employees of the advertising agency). Planning
and retrospectives are also carried out. Sprint by sprint, improvements identified during
the retrospective meetings are introduced and evaluated experimentally.
The team produces and stores a lot of documentation using a variety of different online
tools.

- GitHub is used to store the code and installation instructions.
- Lucidcharts are used to document architecture diagrams, flows, roadmap planning,
processes (e.g., service integration), and retrospectives.

- To document test cases and test scenarios, the Visual Studio Online (VSO) wiki is
used.

- To keep the backlog, the VSO board is used.
- To track tasks such as integration stages, product discovery, and technical debt, Trello
boards are used.

- To document the architecture (architecture decision record, ADR) or make spread-
sheets (e.g., notification management) Google Docs is used.

The responsibility for maintaining each document or tool change according to the needs.
The only document that has a pre-defined structure is the ADR.
To share knowledge, one or two team members usually prepare internal workshops, which
sometimes include coding dojos.

Problems related to KM
Difficulties related to the management of the documentation already created.

- It is hard to find the right document (there are duplicates or different ones but with
the same purpose, in different media, and from different dates).

- It is also complicated to keep the documentation up-to-date and to deprecate, or
directly eliminate, unnecessary or out-of-date documents.

The decision of what type of document to create usually depends on the person who is
going to do it. There are no standard definitions, so it is hard to decide what documentation
to produce. An exception to this is ADRs which do have a defined structure and the team
agrees that had positive results.
The company perceives as a problem the centralization of knowledge in some roles covered
by a single person in the team. QA and DevOps manager roles are perceived as riskier,
both roles with only one member.

Table 5 Results of the Diagnostic Stage: Context and problems related to KM.
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5.5.2 Planning

At this stage, we defined the RR protocol (see Section 6 for more details). In
particular, we performed several preliminary searches on Scopus and other search
engines to check that appropriate evidence existed to address the issue. As a result
of these searches, we selected Scopus as our search engine, refined our search
string, and specified our selection criteria. We did not agree on a timeline since
the students would only be available on a part-time basis and it was the first
time that they would conduct an RR. We stipulated carrying out an intermediate
validation so that the requesters could validate a sample of the evidence. We also
specified that the dissemination would be done through an evidence briefing and
a workshop.

5.5.3 Intervention

In this step, we conducted the RR and disseminated the results. We carried out an
intermediate face-to-face validation of an evidence sample and undertook several
consultations via email. In addition, because Lezama worked in the company for a
while, the requesters answered his queries and asked him questions informally. The
RR was done in three and a half months and the total time spent by all review-
ers was ∼150hs, including team meetings and knowledge dissemination transfer
activities with practitioners.

5.5.4 Evaluation

We circulated two questionnaires to assess requesters’ perceptions of the RR results
and the challenges faced during its conduct, one at the end of the dissemination
workshop (in which company software developers also participated) and another
follow-up questionnaire eight months later. We also recorded the workshop in audio
(with prior approval) to analyze the attendees’ initial attitudes. In addition, the
reviewers held a retrospective meeting to reflect on the RR process and its results,
in which, for example, the stages and activities carried out were recalled, and the
main challenges and facilitators were discussed. As the meeting did not directly
address the RQS, the insights gathered from this meeting were employed as input
to the discussion of results (refer to Section 8).

5.5.5 Reflection

As stated by dos Santos and Travassos (2011b), this step is intended to investigate
two issues 1) whether the results of the action delivered the results reported in the
literature, and 2) the learning experience of the participants and its impact on the
organization.

Because the goal of our study was to assess the value of the RR to support
practice, we investigated attitudes of the company staff to the evidence and rec-
ommendations provided by the RR, and compared our results with those reported
by Cartaxo et al. (2018). Thus, in this study, we only considered the second issue
mentioned by dos Santos and Travassos (2011b).
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5.6 Variations from the original study

We consider that the most significant difference with the original study by Car-
taxo et al. (2018) is that our study considers practitioners lacking experience in SE
research. However, there are several differences with the original study, primarily
arising from the specific conditions and context of our research. Table 6 provides
a concise summary of the disparities between the two studies, with detailed infor-
mation on each point provided earlier in this section.

5.7 Data Collection & Analysis

Data Collection. Data were collected about the organization, the roles of all par-
ticipants, the actions of the participants, and the outcomes of the action research
process.

In particular, the opinions of requesters and software development team mem-
bers on the RR results were captured at different instances:

– During the workshop, when one of the requesters and members of the devel-
opment team openly discussed RR information.

– At the end of the workshop, through a questionnaire circulated to the re-
questers and members of the development team, which included closed ques-
tions and space for additional comments.

– Eight months later, through a follow-up questionnaire to requesters, asking
about the use of the RR results.

Additionally, as previously stated, the reviewers held a retrospective meeting
in which they revisited the activities carried out during the research, reflected on
the usefulness of the RR results, and discussed the challenges encountered during
both the RR process and the workshop aimed at disseminating the results.

Throughout the research, audio recordings were made of all meetings, and all
emails and communications among reviewers, requesters, and other stakeholders
were collected. In addition, internal documents, reports for requesters, and other
artifacts (e.g., documents for intermediate validation of evidence) were collected.
Finally, the report of the students’ capstone project and the video recording of the
capstone project defense presentation (including the discussion with committee
members) were included in the dataset. All the material is in Spanish.

Data Analysis. Data analysis was strongly based on thematic analysis with
a realistic approach (including coding, theme identification, and selection of illus-
trative quotes) (Braun and Clarke, 2006).

Initially, the audio recordings of the meetings with requesters, the results
transfer workshop, and the reviewers’ retrospective meeting were completely tran-
scribed.

In the first stage, Pizard carried out an inductive analysis to identify (i) all
stages and activities carried out during the research, (ii) the requesters and stake-
holders’ opinions on the RR information, and (iii) the challenges faced by the
reviewers. First, a subset of the data was coded (i.e., requesters and stakeholders’
responses to questionnaires, transcription of the workshop and the retrospective
meeting, and the final report of the students’ capstone project). Subsequently,
all elements of the dataset were reviewed in chronological order to confirm and
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update the codes. ATLAS.ti was used to assist the analysis (Hecker and Muhr,
2022). A preliminary report was prepared with the identified themes and illus-
trative quotes, which was translated into English and validated and reviewed by
Vallespir and Kitchenham. At their suggestion, Pizard re-examined the dataset to
confirm or expand the analysis. This process was repeated until no new themes
were identified, achieving the inductive thematic saturation applicable to this type
of analysis (Saunders et al., 2018). The results of this stage of the analysis were
used to prepare sections 6, 5, 8.3, and 8.4 of this document and as input for the
next stage of the analysis.

In the second stage, a deductive analysis was conducted to confirm the themes
identified by Cartaxo et al. (2018). For this, requesters and stakeholders’ responses
to questionnaires and representative fragments of the transcription of the workshop
were translated to English. Using the list of themes identified by the original study
by Cartaxo et al. (2018), Pizard and Kitchenham checked which were confirmed
in the replication and identified illustrative quotes. This activity continued until
no more themes could be confirmed from the original study’s list, thus achieving
the a priori thematic saturation applicable to this type of analysis (Saunders et al.,
2018). Themes identified in the previous stage that were not present in the original
list by Cartaxo et al. (2018) (e.g., company situation) were added to the list of
themes confirmed by our study. The result of this stage of the analysis was used
to answer the research questions. An expert translator helped create the most
accurate English versions of the selected quotes.

To increase transparency, the cross-reference between identified themes and
the supporting data according to the collection stage is reported in Appendix I.

As suggested by Runeson et al. (2012), we tried to improve reliability by sys-
tematically tracking all data. Pizard also kept a detailed journal of the decisions
made during the investigation, including the data analysis process. We used the
O’Brien et al. (2014) checklist for reporting qualitative research to enhance clarity
and completeness. We also considered the eight criteria for the quality of qualita-
tive research proposed by Tracy (2010).

6 Rapid Review Protocol & Conduct

This section presents the RR protocol and the main characteristics of the RR
conduct. This includes the details of the problem addressed and the knowledge
dissemination activities carried out to share the results of the RR with the com-
pany’s staff.

The RR was conducted by Garćıa and Lezama with supervision and support
from Pizard.

6.1 Aim and Research Question

Together with the requesters, we determined that the purpose of the RR would
be to find practical and applicable recommendations on KM for the company.
For these recommendations to be applicable, the context of the studies must be
similar to that of the company, and ideally, the recommendations must have been
experimentally validated.
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The question that guided our RR was: What are some empirically validated

recommendations for knowledge management for software development com-

panies?

In preliminary searches, we encountered some difficulty finding studies on KM
with practical recommendations. Thus, we decided to use a broad question and
consider a general software development industry context, so we did not restrict the
context of our primary studies to small or midsize companies using agile methods.

6.2 Search Strategy

We used a single search engine, Scopus, in order to reduce time and effort. We
choose Scopus because it is one of the largest repositories of peer-reviewed pub-
lications and has been used for other SE RRs (Baldassarre et al., 2021; Cartaxo
et al., 2018). We did not consider grey literature to maintain consistency with the
original study by Cartaxo et al. (2018).

The search string we used (reproduced below) was obtained after trialing sev-
eral preliminary searches. These confirmed that our search would retrieve studies
with experimentally validated recommendations in industry settings.

TITLE-ABS-KEY((“software engineering” OR “software development”)
AND (“knowledge management” OR “knowledge sharing”) AND (industry
OR company OR enterprise OR organization OR organization) AND (“case
study” OR “systematic review” OR slr OR “scoping study” OR “mapping
study” OR “lessons learned” OR recommendations OR survey) )

The four sets of terms correspond to the following concepts: software engineer-
ing, knowledge management, industry context, and experimental validation. The
search string is quite complex, but, unlike many digital search engines, Scopus
respects the rules of Boolean algebra, so does not generally produce large numbers
of spurious results.

6.3 Study Selection

The inclusion criteria used were: (1) studies in English, (2) with practical recom-
mendations, (3) full text available, (4) about KM in software development compa-
nies. In addition, the exclusion criteria were: (5) publications that were not articles
(books, technical reports, etc.), and (6) studies about KM theoretical models or
frameworks.

Initially, we attempted to incorporate selection criteria to exclude studies that
lacked applicability. Specifically, we sought to limit the results to industrial evalu-
ations of small companies as needed by the requesters, but there were insufficient
papers available.

We do not explicitly exclude secondary studies. We identified them just in case
the primary studies did not include useful evidence. In this situation, we planned
to use information from the secondary studies or consider them for snowballing.
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This was not necessary and we were able to obtain practical recommendations
from the selected primary studies.

Each reviewer assessed the eligibility status of half of the candidate primary
studies obtained from Scopus. To validate an adequate level of agreement, they
reviewed the first 30 candidate primary studies together, and the kappa statistic
was calculated (the obtained value was 0.618, which indicates a good level of
agreement). Subsequently, the reviewers used two rounds: (1) checking titles and
abstracts and (2) reading the full text. From the 425 studies returned by Scopus,
we identified 21 primary studies (Birk and Dingsøyr, 2005; Viana et al., 2013;
Yglesias, 1998; Matturro and Silva, 2010; Viana et al., 2015; Vasanthapriyan et al.,
2017; Gervigny and Nagowah, 2017; Soini et al., 2007; Santos et al., 2014; Smite
and Dingsøyr, 2012; Khan et al., 2012; Kammani et al., 2013; Pulkkinen. et al.,
2007; Soini, 2008; Heredia et al., 2017; Šmite et al., 2017; Heredia et al., 2014;
Humayun et al., 2013; Jurado et al., 2015; Milovanović et al., 2012; Chen et al.,
2018).

6.4 Data Extraction

In this step, each reviewer extracted data from half of the selected studies and
validated the data extracted by the other reviewer. We used a data form that
summarized: (i) the context of the study (software development method, year of
the study, type of company), (ii) the research method used, (iii) the results of the
validation or evaluation, and (iv) recommendations for practice or lessons learned.

6.5 Assessment of the relevance of the evidence

We assessed the relevance of the evidence from the viewpoint of the RR requesters.
Our appraisal of the evidence included understanding the context in which the evi-
dence was generated and the research methods used. For example, for organizations
that participated in a primary study, we identified in which country they carried
out their activity, and their size. This made it possible to validate the evidence
with the requesters (as mentioned before) and to select evidence most appropriate
to their context. It is important to note that the requesters indicated that these
contextual factors should be used. While other factors such as organizational do-
main or maturity could have been considered for a more nuanced assessment of
relevance, only the factors mentioned earlier were employed.

6.6 Synthesis Procedure

Although we explicitly looked for primary studies with experimental validations,
most did not include recommendations for practice but rather offered lessons
learned, reflections, or certain observed behaviors. We analyzed those observa-
tions, as well as the context, and developed practice-oriented recommendations.
We understand that this is similar to the process carried out by Budgen et al.
(2020). As an example, the extract: “The findings showed that the motivation for

knowledge sharing, a time-consuming and demanding activity, is highly related to the
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awareness that managers and developers have of the benefits associated with this pro-

fessional practice.” (Chen et al., 2018) was translated into “It is recommended to

emphasize the benefits of sharing and reusing knowledge.” This activity involved con-
tinuing with the critical appraisal of evidence since we used our previous analysis
of the studies when preparing the final text of the recommendations.

Subsequently, we used content analysis with an inductive approach, adapted
from (DeFranco and Laplante, 2017), to synthesize these recommendations. The
stages carried out were: labeling of the different types of recommendations using
open coding, grouping, and categorization of the fragments according to their
codes (e.g., grouping similar or complementary codes), and, finally, creation of
descriptions. As a tool to facilitate the coding, we used the freeware tool Saturate
(http://www.saturateapp.com/).

In a similar way to the previous steps, each reviewer worked on one-half of
the studies and validated the other half. In particular, they both did some ini-
tial coding. Subsequently, in two meetings with Pizard, all the recommendations
and their coding were reviewed, and the categories and descriptions of the final
recommendations were created.

The recommendations to improve KM obtained as outcomes of this stage are
presented below in the Report/Diffusion section. The cross-reference between rec-
ommendations and primary studies from which they emerged is reported in the
Appendix I.

6.7 Intermediate Validations

When starting the study selection, we carried out two validations with the re-
questers to assess the evidence. They approved the sample evidence we presented
to them. Their main concern was to obtain recommendations from contexts similar
to their own. They also indicated that some recommendations of the sample (e.g.,
a recommendation on defining simple and clear KM processes) seemed useful to
them but they did not know how to put them into practice. Based on this, we
decided that we would include if necessary, examples or brief guidelines to put the
recommendations into practice. In addition, we agreed not to consider evidence on
KM frameworks or models, as it was preferable to propose recommendations that
could be introduced into their improvement process.

6.8 Report/Diffusion

We developed an evidence briefing with the RR results (see Figure 1) and con-
ducted a workshop with the software development team. In the workshop, which
lasted ∼1h30min, we presented the recommendations obtained in the RR and pro-
posed a practical exercise in which the participants studied and prioritized the
recommendations. The project manager and three other members of the software
development team participated in the meeting. Table 7 details the activities of the
workshop.

Results of the practical exercise are shown in Figure 2. After placing all the
recommendations in the quadrant, the participants discussed which of them they
could implement and how. They all agreed that the definition of a KM strategy had
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‭KNOWLEDGE MANAGEMENT IN SW PROJECTS‬
‭This‬ ‭briefing‬ ‭presents‬ ‭scientific‬
‭evidence‬ ‭on‬ ‭strategies‬ ‭to‬ ‭improve‬
‭KM‬ ‭in‬ ‭software‬ ‭development‬
‭projects.‬

‭RECOMMENDATIONS‬
‭All‬ ‭the‬ ‭recommendations‬ ‭presented‬
‭in‬ ‭this‬ ‭report‬ ‭are‬ ‭a‬ ‭synthesis‬ ‭of‬ ‭21‬
‭scientific‬‭studies.‬‭They‬‭correspond‬‭to‬
‭different‬ ‭case‬ ‭studies,‬ ‭interviews,‬
‭surveys,‬ ‭and‬ ‭focus‬ ‭groups‬ ‭in‬ ‭which‬
‭professionals‬‭belong‬‭to‬‭soft.‬‭dev.‬‭and‬
‭telecommunications‬ ‭companies‬ ‭(e.g,‬
‭IBM,‬ ‭NOKIA,‬ ‭ABB,‬ ‭and‬ ‭Ericsson)‬
‭participated,‬ ‭some‬ ‭with‬ ‭distributed‬
‭teams,‬‭and‬‭the‬‭research‬‭was‬‭Made‬‭in‬
‭Brazil,‬ ‭Uruguay,‬ ‭Sri‬ ‭Lanka,‬ ‭Mauritius,‬
‭Finland,‬ ‭Sweden,‬ ‭USA,‬ ‭India,‬ ‭Norway,‬
‭Pakistan, China, and Russia.‬

‭KM IN SOFT. DEV. ORGANIZATIONS‬
‭Software‬ ‭development‬ ‭organizations‬
‭may‬ ‭have‬ ‭various‬ ‭problems‬ ‭in‬ ‭KM.‬
‭Currently,‬ ‭software‬ ‭development‬
‭projects‬ ‭handle‬ ‭large‬ ‭volumes‬ ‭of‬
‭information‬ ‭and‬ ‭are‬ ‭integrated‬ ‭by‬
‭professionals‬ ‭from‬ ‭different‬ ‭areas‬
‭with‬ ‭different‬ ‭knowledge‬ ‭and‬ ‭skills.‬
‭Although‬ ‭knowledge‬ ‭is‬ ‭a‬ ‭success‬
‭factor‬‭in‬‭software‬‭development,‬‭many‬
‭times‬ ‭development‬ ‭methodologies,‬
‭e.g.,‬‭agile‬‭ones,‬‭do‬‭not‬‭have‬‭activities‬
‭or‬ ‭mechanisms‬ ‭for‬ ‭their‬ ‭effective‬
‭management.‬

‭Recommendations‬ ‭to‬ ‭improve‬ ‭KM‬
‭found‬ ‭in‬ ‭the‬ ‭literature‬ ‭can‬ ‭be‬
‭classified into 4 dimensions.‬

‭DEFINITION‬
‭Certain‬ ‭definitions‬ ‭can‬ ‭help‬
‭knowledge‬ ‭management‬ ‭in‬ ‭an‬
‭organization.‬ ‭It‬ ‭should‬ ‭be‬ ‭taken‬ ‭by‬
‭the senior or middle management.‬
‭○‬‭KM‬ ‭strategy:‬ ‭a‬ ‭defined‬ ‭strategy‬

‭with‬ ‭objectives‬ ‭allows‬ ‭to‬ ‭align‬ ‭the‬
‭rest‬ ‭of‬ ‭the‬ ‭KM‬ ‭activities.‬ ‭It‬ ‭is‬
‭recommended‬ ‭that‬ ‭the‬ ‭strategy‬
‭seeks‬ ‭to‬ ‭centralize‬ ‭knowledge,‬ ‭and‬
‭facilitate its access and search.‬

‭○‬‭Simple‬ ‭&‬ ‭clear‬ ‭processes:‬ ‭that‬
‭establish‬‭the‬‭objectives‬‭of‬‭KM,‬‭what‬
‭kind‬ ‭of‬ ‭knowledge‬ ‭is‬ ‭valuable,‬‭how‬
‭it‬ ‭will‬ ‭be‬ ‭stored‬ ‭and‬ ‭how‬ ‭those‬
‭involved‬ ‭should‬ ‭proceed‬ ‭when‬
‭interacting with knowledge.‬

‭○‬‭Defining‬ ‭responsibilities:‬ ‭clearly‬
‭establish‬ ‭who‬ ‭are‬ ‭the‬ ‭referents‬ ‭in‬
‭each area of ​​knowledge.‬

‭○‬‭Metrics:‬ ‭define‬ ‭and‬ ‭use‬‭metrics‬‭on‬
‭the‬‭creation,‬‭use,‬‭and‬‭usefulness‬‭of‬

‭knowledge.‬ ‭For‬ ‭example,‬ ‭using‬ ‭a‬
‭score‬‭system,‬‭recording‬‭the‬‭number‬
‭of‬ ‭accesses‬ ‭or‬ ‭allowing‬ ‭those‬
‭involved to qualify, respectively.‬

‭COMMUNICATION‬
‭In‬‭order‬‭to‬‭facilitate‬‭the‬‭stakeholders’‬
‭alignment‬ ‭with‬ ‭the‬ ‭established‬
‭definitions,‬ ‭effective‬ ‭communication‬
‭is recommended.‬
‭○‬‭Communicate‬ ‭strategy:‬

‭management‬ ‭must‬ ‭be‬ ‭transparent‬
‭with‬ ‭its‬‭objectives‬‭so‬‭that‬‭everyone‬
‭involved‬ ‭understands‬ ‭the‬ ‭value‬ ‭of‬
‭KM to the business.‬

‭○‬‭Emphasize‬ ‭benefits:‬ ‭communicate‬
‭openly‬ ‭the‬ ‭benefits‬ ‭and‬‭profits‬‭that‬
‭are expected and obtained from KM‬

‭○‬‭KM‬ ‭Training:‬ ‭It‬ ‭allows‬ ‭all‬
‭stakeholders‬ ‭(especially‬ ‭the‬ ‭new‬
‭ones)‬ ‭to‬ ‭understand‬ ‭how‬ ‭to‬ ‭better‬
‭perform KM activities.‬

‭VALUES‬
‭Fostering‬ ‭and‬ ‭developing‬ ‭certain‬
‭values‬ ‭makes‬ ‭it‬ ‭easier‬ ‭to‬ ‭achieve‬
‭better KM.‬
‭○‬‭Commitment:‬ ‭A‬ ‭high‬ ‭degree‬ ‭of‬

‭commitment‬ ‭can‬ ‭be‬ ‭achieved‬ ‭by‬
‭showing‬ ‭the‬ ‭usefulness‬ ‭of‬
‭knowledge‬ ‭and‬ ‭using‬ ‭simple‬ ‭KM‬
‭processes.‬

‭○‬‭Communication:‬ ‭foster‬
‭communication‬ ‭and‬ ‭cooperation‬
‭within‬ ‭the‬ ‭organization,‬ ‭in‬ ‭order‬ ‭to‬
‭increase‬ ‭the‬ ‭trust‬ ‭of‬ ‭stakeholders‬
‭and promote teamwork.‬

‭○‬‭Cooperation:‬ ‭To‬ ‭facilitate‬ ‭the‬
‭dissemination‬ ‭of‬ ‭knowledge‬
‭throughout‬ ‭the‬ ‭organization,‬ ‭it‬ ‭is‬
‭recommended‬ ‭to‬ ‭generate‬ ‭teams‬
‭that‬ ‭manage‬ ‭that‬ ‭knowledge‬ ‭with‬
‭members‬ ‭of‬ ‭various‬ ‭areas‬ ‭of‬ ‭the‬
‭organization.‬ ‭Highlighting‬ ‭the‬
‭importance‬ ‭of‬ ‭teamwork‬ ‭and‬
‭organizational‬ ‭learning‬ ‭is‬
‭recommended.‬

‭○‬‭Trust:‬‭to‬‭increase‬‭trust,‬‭face-to-face‬
‭project‬ ‭initiation‬ ‭meetings‬ ‭can‬ ‭be‬
‭organized‬‭to‬‭help‬‭the‬‭team‬‭to‬‭know‬
‭each other and build trust.‬

‭○‬‭Horizontality:‬ ‭The‬ ‭management‬ ‭of‬
‭KM‬ ‭should‬ ‭not‬ ‭be‬‭vertical‬‭but‬‭in‬‭all‬
‭directions.‬

‭○‬‭Motivation:‬ ‭Favor‬‭the‬‭motivation‬‭of‬
‭workers‬ ‭to‬ ‭get‬ ‭involved‬ ‭with‬‭KM.‬‭A‬
‭motivated‬‭employee‬‭will‬‭make‬‭more‬
‭and‬ ‭better‬ ‭contributions‬ ‭than‬ ‭one‬
‭who‬ ‭is‬ ‭not,‬ ‭so‬ ‭the‬ ‭motivational‬
‭factor‬ ‭is‬ ‭one‬ ‭of‬ ‭the‬ ‭keys‬ ‭to‬ ‭a‬
‭successful business KM.‬

‭RESOURCES‬
‭To‬ ‭implement‬ ‭the‬ ‭above‬ ‭dimensions‬
‭there are several alternatives.‬

‭○‬‭Tools:‬ ‭good‬ ‭criteria‬ ‭for‬ ‭choosing‬
‭tools‬ ‭includes:‬ ‭an‬ ‭easy-to-use‬
‭interface,‬ ‭robustness,‬ ‭ease‬ ‭of‬
‭access,‬ ‭and‬ ‭powerful‬ ‭search‬
‭functionalities.‬ ‭In‬ ‭addition,‬ ‭the‬
‭organization‬ ‭must‬ ‭protect‬ ‭and‬
‭promote its use.‬

‭○‬‭Social‬ ‭software:‬ ‭its‬ ‭use‬ ‭allows‬ ‭to‬
‭share‬ ‭knowledge‬ ‭in‬ ‭a‬ ‭simple‬ ‭way‬
‭and‬ ‭encourages‬ ‭socialization‬
‭among‬‭stakeholders.‬‭Examples‬‭are:‬
‭wikis,‬ ‭mailing‬ ‭lists,‬ ‭project‬ ‭tracking‬
‭tools, intranets, and blogs.‬

‭○‬‭Categories:‬ ‭having‬ ‭categorized‬
‭knowledge‬ ‭facilitates‬ ‭and‬
‭encourages its access.‬

‭○‬‭Gamification:‬ ‭Using‬ ‭recreational‬
‭dynamics‬ ‭encourages‬ ‭participation‬
‭in‬ ‭KM.‬‭Examples‬‭of‬‭this‬‭are:‬‭having‬
‭a‬ ‭scoring‬ ‭system,‬ ‭medals,‬
‭leaderboards, etc.‬

‭○‬‭Training:‬ ‭the‬ ‭training‬‭carried‬‭out‬‭by‬
‭the‬ ‭organization‬ ‭facilitates‬
‭knowledge‬ ‭generation‬ ‭because‬ ‭it‬
‭allows‬ ‭knowledge‬ ‭consolidation‬ ‭by‬
‭stakeholders‬ ‭and‬ ‭encourages‬ ‭the‬
‭exchange between them.‬

‭○‬‭Rotation‬ ‭of‬ ‭stakeholders:‬ ‭between‬
‭different‬ ‭projects‬ ‭or‬ ‭areas‬‭it‬‭allows‬
‭to‬ ‭disseminate‬ ‭and‬ ‭generalize‬
‭knowledge.‬

‭○‬‭Rewards:‬ ‭for‬ ‭stakeholders‬ ‭who‬
‭perform‬ ‭tasks‬ ‭related‬ ‭to‬ ‭KM.‬ ‭This‬
‭can‬ ‭be‬ ‭implemented‬ ‭with‬ ‭an‬
‭increase‬‭in‬‭their‬‭remuneration‬‭or‬‭by‬
‭taking‬ ‭into‬ ‭account‬ ‭their‬
‭contributions‬ ‭to‬ ‭the‬ ‭KM‬ ‭in‬ ‭their‬
‭performance evaluation.‬

‭○‬‭Record‬ ‭of‬ ‭lessons‬‭learned:‬‭the‬‭use‬
‭a‬ ‭record‬ ‭of‬ ‭lessons‬ ‭learned,‬ ‭where‬
‭stakeholders‬ ‭can‬‭access‬‭to‬‭consult‬
‭about‬ ‭previous‬ ‭experiences.‬ ‭The‬
‭lessons‬ ‭can‬ ‭be‬ ‭registered‬ ‭during‬
‭the‬ ‭project,‬ ‭not‬ ‭only‬ ‭after‬
‭completion.‬

‭¿Who is this briefing for?‬
‭SE‬ ‭professionals‬ ‭who‬ ‭want‬ ‭to‬ ‭make‬
‭decisions‬‭about‬‭KM‬‭based‬‭on‬‭scientific‬
‭evidence.‬

‭¿Where do the discoveries come from?‬
‭All‬ ‭the‬ ‭findings‬ ‭of‬ ‭this‬ ‭report‬ ‭were‬
‭taken from a rapid review.‬

‭¿What is included in this briefing?‬
‭Recommendations‬ ‭to‬‭improve‬‭KM‬‭with‬
‭experimental‬ ‭validation‬ ‭in‬ ‭companies‬
‭or soft. development teams.‬

‭¿What is not included in this briefing?‬
‭Other‬ ‭information‬ ‭or‬ ‭guarantee‬ ‭of‬ ‭the‬
‭results‬ ‭of‬ ‭applying‬ ‭the‬
‭recommendations‬ ‭for‬ ‭non-conformity‬
‭of‬ ‭the‬ ‭context‬ ‭or‬ ‭variants‬ ‭of‬ ‭its‬
‭application.‬

Fig. 1 Evidence briefing with RR results (adapted for inclusion here).
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Workshop Activities
The workshop had the following characteristics.

- A copy of the evidence briefing (see Figure 1) was given to participants with a reasonable
time to read it.

- The reviewers present the main concepts of EBSE, listed the characteristics of the RR
(mentioning the problem and the methodology used), and finally presented the recom-
mendations obtained.

- The reviewers led a practical exercise to promote the analysis of the recommendations.
The exercise had the following steps:
1. All the separately printed recommendations were placed on the table. As the only

exception to this, all recommendations from the ‘Values’ category were grouped into
one.

2. A quadrant was drawn, with the X-axis representing the ease of implementing a
recommendation and the Y-axis its potential benefit.

3. Each participant had a turn (in a pre-established order) to grab a recommendation
from the table and put it in a place in the quadrant or to rearrange a recommenda-
tion that was already located in the quadrant. In any case, the participant had to
explain their action.

4. The previous step was continued until all the recommendations were located in the
quadrant and a general agreement had been reached.

5. Finally, the team was asked to choose recommendations that were suitable for im-
plementation.

Table 7 Workshop for the dissemination of results.

the highest priority, and they commented that not currently having KM objectives
did not allow them to focus well or obtain good results. They associated the
definition of strategy with other recommendations that should also be implemented
jointly, these were to communicate the strategy, define categories of knowledge,
use social software, and define those responsible (although this was previously out
of their initial selection, see the rectangle in the upper right part of the figure).

At the time of the workshop, the company had been recently acquired by a
larger company and the participants had started using Atlassian Confluence4, a
KM tool already used by the acquiring company. We believe that the participants
associated the recommendation of social software with high benefits and ease of
implementation due to this current situation, and because they were beginning to
perceive the benefits of this particular tool.

6.9 Threats to RR Validity

The main threats are: (i) we used a single search engine for scientific articles,
(ii) although we defined and tested criteria on a sample of studies, the reviewers
performed the selection, extraction, and synthesis on a disjoint subset of studies,
(iii) we did not perform a formal quality assessment of the studies which could limit

4 Confluence is a web-based corporate wiki and collaboration tool developed by the Aus-
tralian company Atlassian. According to its creators, it can be used by multiple teams and
organizations to generate and consume content (in order to better manage their knowledge) and
allow for better collaboration. It can also be integrated with recognized productivity and track-
ing tools (e.g., GitHub, Jira). Their website is https://www.atlassian.com/software/confluence.
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Fig. 2 Result of the workshop exercise: Recommendations placed by the soft. dev. team
according to their potential benefit and ease of implementation.

the reliability of the evidence, and (iv) although closely trained and supervised,
the reviewers were inexperienced in conducting reviews.

7 Results

In this section, we present the answers to the research questions of our replication.

7.1 RQ1: Perceptions and attitudes about using RR information

Perceptions and attitudes about the RR results were obtained from analyzing the
audio recordings of the knowledge transfer workshop and the responses to the
questionnaire we circulated that day (which we also sent later to the architect),
as well as the responses to the follow-up questionnaire that we conducted eight
months later with the requesters. All these activities were conducted in Spanish,
thus we present translations of quotes that were reviewed by a translator to ensure
they remain faithful to the originals.

We compared our findings with those of Cartaxo et al. (2018), who reported
that they were evaluating of the use of RRs as a practice support method in SE,
by identifying issues that supported the requesters identify practice changes that
could address their specific KM problems and issues that hindered the adoption
of the process changes. We present our findings in the same sequence as they were
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obtained and relate them, where possible, to concepts already proposed by the
aforementioned study (indicated in bold).

7.1.1 Early Attitudes

During and after the presentation of the recommendations, some attendees made
comments or posed questions about them. The results of the analysis of these
interventions seem to support the following previous results on RRs:

Offer reliable content. Some attendees considered that the information was
more reliable than others that they used frequently. For example, the project
manager said:

- Recommendations are good, they are clearly understood and based on scientific

articles, which were approved, reviewed, and followed their process. That gives them

veracity, another weight, has another value. This has to be a guide for us.

Applicable to SE practice. All agreed that the recommendations were ap-
plicable and seemed to help solve their problems. This was also expressed in the
practical exercise since all the recommendations were located above the middle of
the y-axis, that is, all of them were perceived as having a medium or high potential
benefit if they were applied.

Fostered the learning of new concepts. During the exercise, some attendees
asked questions seeking to know about some of the concepts mentioned in the
recommendations. These questions were answered by reviewers or other attendees,
suggesting that all participants had learned new concepts related to the problems
the company was facing.

7.1.2 First Questionnaire

Table 8 shows the answers to the questionnaire the five company attendees com-
pleted at the end of the workshop. Some clarifications are necessary. First, although
all participants responded to the survey, they answered only the closed questions
and did not include any additional comments. Second, regarding E3, only the re-
questers who participated in the project agreed with us on what we were going
to consider as a similar context and were also aware of the literature that we
were finding and its characteristics. Furthermore, the focus of the requesters was
to find some strategies to address their problems. We could only expect them to
identify approaches they felt were plausible solutions (or solution approaches) and
practical in their own circumstances.

Even considering this, we believe that the responses confirmed the adequacy
of the definition of the problem we addressed, the research question, and the
studies selected (based on what we explained to the workshop attendees). They
also confirmed the following results on the RRs: Problem-oriented (i.e., the RR
provides evidence to address the problem they are facing), Improve problem

comprehension and the need to Discuss the findings of the RR (i.e., use face-
to-face transfer activities and not just to present results in reports).
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Question ID Totally agree Somewhat agree Neutral / Disagree

E1 5 0 0
E2 3 2 0
E3 1 4 0
E4 3 2 0
E5 1 4 0
E6 3 2 0

E1: The defined problem corresponds to a real problem that we have
in knowledge management (KM).
E2: The question that guided the investigation is suitable to help us
address the problems in KM
E3: The studies found in the literature review seem adequate, that is
they have contexts and problems similar to ours.
E4: The recommendations that were found to improve KM seem useful
to help solve our problems.
E5: The project helped me to understand problems from another per-
spective or understand approaches to their treatment.
E6: Today’s meeting to present the results of the review was very good.

Table 8 Opinions of the participants of the dissemination workshop.

7.1.3 Follow-up Questionnaire

Eight months after the workshop, we tried to find out if the recommendations
obtained through the RR had been put into practice and if they had helped to
solve the problems. Below are the findings obtained by analyzing the responses
of both requesters. Two of the findings (indicated with *) do not correspond to
direct comparisons with the work of Cartaxo et al. (2018) but they are relevant.

*Company situation. One requester gave us more explanations about the
situation of the company. Certainly, this information should be considered when
interpreting the results.

- Unfortunately, while this investigation was being carried out and even after it

ended, the company underwent many very important changes. It was bought by

another company, several important roles were changed or eliminated, the hierar-

chy of the organization changed, the priorities changed, and finally, the company

closed.

Applicable to SE practice & Problem-oriented. One of the requesters con-
sidered that the results seemed adequate and evidenced a mature understanding
of KM.

- I think KM is a complex issue. But looking at the recommendations and comparing

them with companies I have previously worked for, those that were good at KM and

those that were not. I believe that this research has really managed to capture and

show the critical parts of the problem and presents a very interesting approach. It’s

easy to understand and, at the same time open to different specific solutions that

the organization and/or team may want to adopt.
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Offer reliable Content & Novel approach to support decision-making.
Both requesters highlighted the value of scientific evidence and its differences from
other types of information. Their comments also support the view that the evidence
provided by RRs provides a better method for supporting decisions.

- I think that lately, we’ve become used to solving problems with the first two Google

results, with the first two most popular papers that we find, we simply want to apply

something that Netflix did, or we want to use the same thing as Facebook. Also, the

industry almost never allows us to really do an exhaustive search on how to fix a

problem. The evidence-based approach is absolutely the opposite and its conclusions

are indisputable. I believe that the cost/benefit of applying it depends only on the

situation of the company.

*Results in a timely manner. We received a negative opinion about our RR
conduct. One requester considered that shorter deadlines would have allowed for
better use of the results.

- Although the project had a certain dynamic proposed by you, I think that given the

particular situation of the pandemic that we faced and hence the definitive closure

of the company... I have the feeling that if we had shorter execution times we could

all have had a different view of the results. Currently, any development team using

agile methodologies runs work iterations of one or two weeks maximum, with which

it should be possible to run short experiments and analyze their results in less time

than we currently have.

We had not agreed on a timeline for the RR with the requesters nor discussed
whether we needed to consider any deadlines for delivering our recommendations.
However, their comment makes it clear that short timeframes are important in
industry collaboration. In addition, this comment supports Cartaxo et al. (2018)’s
view that reducing timescales, and not only reducing effort (an issue that we did
prioritize given the reviewers’ restrictions), is an important benefit of using RRs
(Reduce time and cost to conduct decision-making process.

Use of the results. The requesters confirmed that they appreciated the results
and had started to use part of them. In particular, they indicate having (1) started
the definition of processes and responsibles for the areas of QA and DevOps,
(2) encouraged certain values that they already had, (3) decided to stop using
Google Drive, (4) begun to use better knowledge categorizations, (5) considered
using social software. Unfortunately, the major changes the company underwent
prevented it from continuing in that direction. Even so, the following comments
show that the RR results helped to make some of those changes less traumatic.

- [...] the acquisition of our company by a larger one forced our team to use At-

lassian Confluence as the main tool for KM. [...] Given this scenario and the

opportunities for improvement that our team had detected during the workshop,

the use of Confluence was naturally adopted, thus covering several of the points

mentioned in the evidence briefing (e.g., the definition of simple and clear pro-
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cesses, the definition of metrics and responsibles, the values of cooperation and

horizontality, and the resources of tools and record of lessons learned)

7.2 RQ2: Using RR outcomes without experience in SE research

During the intermediate validations, practitioners noted that while the identi-
fied recommendations appeared beneficial, they did not know how to implement
some of them. In response, we chose to refine the recommendations to enhance
clarity. Moreover, during the workshop, we shared examples with practitioners
that illustrated how some of these recommendations could be practically imple-
mented. Given the current state of evidence provided by SE scientific publications,
it appears that understanding the reported recommendations and possessing the
knowledge required for their implementation may pose challenges for practitioners
without academic experience in SE.

We also implemented some other actions to facilitate practitioners’ partici-
pation in the RR process and ensure they understood the results appropriately.
These measures included:

– Delivering a concise introduction to research and scientific articles, focusing on
empirical SE and EBSE during the initial meeting with the requesters and at
the beginning of the dissemination workshop.

– Providing condensed information at all times to eliminate the necessity for
direct handling of scientific articles by practitioners. For instance, during the
intermediate validation, we supplied a summary of the context of selected pa-
pers and their recommendations.

8 Discussion of Findings

It is necessary to discuss various aspects of our study. This section presents broader
reflections on the answers to the research questions (Section 8.1). Additionally, we
provide a comparison of the results of our replication with those of the original
study conducted by Cartaxo et al. (2018) (Section 8.2). Furthermore, we delve into
the significant challenges encountered by the review team and outline the strate-
gies employed to mitigate them (Section 8.3). Subsequently, we present certain
issues related to the RR process (Section 8.4). It is noteworthy that many insights
presented in this section, in particular in the latter two points, stem from the ret-
rospective meeting conducted by RR review team. In all mentioned subsections,
we have included recommendations for the use of RR in SE to complement our
reflections (see light blue boxes). Finally, we discuss on the weaknesses of our work
(Section 8.5).

8.1 Attitudes about the use of RR results

Both our review requesters and other team members highlighted that RRs offer
reliable content and that this differentiates them from other types of information
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sources that they commonly used. This is also consistent with the results of our
recent study on attitudes towards EBSE and SRs at a government agency (Pizard
et al., 2023).

Requesters also agreed that the recommendations provided by the RR were
applicable to their problem and that putting them into practice would bring ben-
efits. Finally, collaborating in an RR (or at least participating in the activities of
dissemination of its results), helped the team improve their understanding of the
problem and learn new concepts.

Despite not stipulating it beforehand, one of the requesters would have pre-
ferred a shorter timeline. His argument was that with results in less time, they
could have applied more recommendations before the closure the company. How-
ever, we were in a low-resource setting, Lezama and Garćıa could only dedicate a
limited effort per week. For that reason, and also because we did not understand
that it was a priority to obtain results in a short time, our RR was conducted
in three months. The current effort used would have been mapped to about two
weeks if reviewers worked full-time. Therefore, two aspects are important to high-
light: that practitioners do appreciate short processes to obtain results and that
all the requesters’ needs are important, not just those about the problem to be
addressed.

Recommendation 1. Consider adequately the needs of RR requesters and the context in
which the evidence will be used.

8.2 Comparison with Cartaxo et al. (2018) study results

The findings from our study about the perception of the use of RRs align closely
with those reported by Cartaxo et al. (2018) (refer to Table 9). Notably, despite
differences in the educational backgrounds of our requesters, our results remain
consistent with the original study, whose participants held master’s degrees and
were employed in an applied research institute. In contrast, our requesters lacked
academic education, had no prior experience in SE research, and were employed
in a software development company. This contrast underscores that the value of
RR is not confined to practitioners with a background in research, highlighting
its adequacy as a valuable tool for enhancing collaboration between academia and
industry.

Our findings seem to indicate that collaborating in the conduct of an RR,
or at least participating in the dissemination activities, allows practitioners to
approach scientific evidence with a positive attitude, even when they are not used
to using it or lack an academic educational level. When we undertook the study,
there were no other studies than Cartaxo et al. (2018)’s that described the use
of RRs to support practitioners. More recently papers by Song et al. (2022) and
Bjarnason et al. (2023) have confirmed the values of RRs in the context of R&D
collaboration with industry experts, however, our paper is the only example of
using RRs in collaboration with non-expert requesters.

Recommendation 2. Conducting collaborative RR is recommended as an effective
method to introduce practitioners to scientific evidence.
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Cartaxo et al. (2018) Results Confirmation

Benefits of the RR

Applicable to software engineering practice Yes
Novel approach to support decision-making Yes
Fostered the learning of new concepts Yes
Offer reliable content Yes
Problem-oriented Yes
Improve problem comprehension Yes
Increase team confidence No
Reduce time and cost to conduct decision-making process No, but of importance1

Fast and easy way to find information Evidence briefing (EB) issue2

Avoid reading multiple sources EB issue / No
Flexible knowledge transfer medium EB issue
Non-applicable evidence can support other problems No
Interest to receive briefings regularly EB issue
Recommend Rapid Reviews to other practitioners No

Improvements to the Rapid Review

Discussing the findings of the RR is needed Yes
Present the primary studies’ context near their findings EB issue
Avoid printing the RR report in black-and-white EB issue
Graphical information is needed EB issue

1 Discussed and clearly an issue of importance to requesters, even though they didn’t
specify it upfront.
2 Evidence briefing issue: As we stated above, our study focuses on issues related to RR
conduct and not those about evidence briefings.

Table 9 Results of Cartaxo et al. (2018) confirmed by our study.

Based on the recommendation of Cartaxo et al. (2018) to incorporate discus-
sions of the results as dissemination activities, we not only prepared an evidence
briefing with the RR findings, but we also held a workshop in which the atten-
dees began to discuss the evidence. This combination worked very well for the
dissemination of our results. From the results of both studies, it seems clear that
a single-page evidence briefing report is insufficient to ensure that the results can
be used in practice. In our experience, it might be useful to include (1) informa-
tion on how to put each recommendation into practice, (2) dependencies between
recommendations, (3) indications of the strength of evidence supporting each rec-
ommendation. In our study, the requesters were (slightly) interested in knowing
more about point 3, and we discussed this with them. We suggested ideas or exam-
ples for points 1 and 2 during the workshop, and the development team discussed
them by choosing suitable alternatives for their context.

Recommendation 3. To ensure that evidence can be effectively used in practice, it is
essential to plan and implement appropriate dissemination activities with practitioners.
Relying solely on a single evidence briefing appears to be insufficient.
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8.3 Major Challenges and Mitigation Strategies

The biggest challenges encountered by the review team were: (i) the lack of guide-
lines and examples of using an RR in the software industry and (ii) the difficulty
in finding adequate evidence. The implications of these issues are discussed below.

At the time of our study, Cartaxo et al. (2018)’s study was the only example
of the application of RR to support SE practice. Since we had no experience in
conducting this type of secondary study, we considered that there was a high risk
of not being able to produce recommendations based on scientific evidence that
would effectively help requesters to address their KM issues. To mitigate this, we
worked cautiously at each stage, e.g., verifying each step of the process and its
results. For example, to put together the research question and the protocol, we
carried out several preliminary literature searches and verified that some of the
retrieved studies had adequate recommendations for our RR. We also carried out
intermediate validations with the requesters to verify that the evidence we were
finding was adequate. The second issue was detected precisely in those prelimi-
nary searches, in which very few studies had adequate evidence to address our
problem. To mitigate this, and knowing that very few SE studies usually include
recommendations for practice (Da Silva et al., 2011), we decided to also consider
those that included lessons learned or experimentally validated observations.

The limitations of SE evidence, also noted by Rico et al. (2024), could impact
the RRs as follows:

1. Lack of empirical studies in SE means we are forced to rely on the use of less
reliable results such as opinions and lessons learned.

2. Lack of clear recommendations in SE papers means that the results of indi-
vidual papers may need to be restructured or re-analysed in order to deliver
well-specified process change recommendations.

3. Lack of common research approaches and standardized research questions means
that results from different studies may require qualitative aggregation.

Point 1 reduces the strength of evidence. Points 2 and 3 are risky exercises for
an RR that relies on a single researcher because there is a danger that personal
biases and prejudices may adversely affect the recommendations.

First, the challenges we faced suggest that researchers need to lead RRs con-
duct, a view consistent with the studies of Cartaxo et al. (2018) and Rico et al.
(2024).

Recommendation 4. Researchers need to take the lead in conducting RRs.

Second, both challenges and the strategies we adopted make us reflect on
whether it would be appropriate to use a multi-stage strategy to conduct RRs
in SE. In their recent work on selecting RR methods for complex questions in the
health field, Wilson et al. (2021) proposed a two-stage process that consists of (1)
scoping the literature, i.e., understanding the needs of the requesters and conduct
preliminary searches to understand the available literature, and (2) selection of an

optimal approach, i.e., further consultations are made to the requesters to tailor
questions and identify relevant studies. This approach, the authors pointed out,
makes it possible to consider the available literature together with the timelines
required to choose an appropriate RR strategy.
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One issue that affected our timescales was that we had to go back to earlier
stages of the RR several times, e.g., when trying to perform the synthesis it was
necessary to extract more information from the primary studies. In this sense,
we agree with King et al. (2022) that “the customized and iterative nature of rapid

reviews means that some flexibility may be required”. Although of course, as these
authors also indicated, changes made beyond the protocol and the rationale for
making them must be transparent and adequately reported. Moreover, the aim of
RRs to be applicable in low-resource settings also implies that they can be suitable
for participation by non-experts in their conduct.

Recommendation 5. RRs require some flexibility (e.g., a preliminary stage to evaluate
the existing literature, or some form of iteration in the stages), but it is important to be
transparent and detailed during the dissemination of their results.

Finally, as recommended by King et al. (2022), we engaged with the requesters
early and throughout the review process. This was crucial in achieving results
that met the requesters’ needs. It involved detailed surveying information needs,
validating problems and research questions, and confirming selection criteria with
the requesters. We also conducted an intermediate validation where we not only
validated the evidence collected up to that point but also aligned the recommenda-
tions with the client’s expectations, which influenced, alongside available primary
studies, the synthesis approach. Lezama’s dual role brought several advantages,
including a deeper understanding of the company context that could simplify cer-
tain stages of the process, particularly the evaluation of evidence relevance. His
involvement with both the research team and the organization receiving the evi-
dence appears to have facilitated the conduct of an RR and the application of its
results, reflecting effects similar to those observed in our previous study on EBSE
within government agencies Pizard et al. (2023).

Recommendation 6. Engage with the requesters in the early stages and throughout the
review process to understand their needs and discuss decisions about the RR process.

8.4 Reflections on Rapid Review Nature and Process

Some issues about the RR nature and process deserve reflection.

8.4.1 Rationale for conducting RRs

As Ralph and Baltes (2022) point out, RRs should not be used to “legitimize bad

systematic reviews when there is no pressing need for immediate results”, something
our results suggest is happening in SE (refer to Section 3). In our opinion, timely
collaboration with industry practitioners is a reasonable justification for conduct-
ing an RR. However, 13 out of the 23 papers we found did not appear to have
direct industry collaborators. We disagree with Ralph and Baltes (2022)’s conclu-
sion that fewer RRs are needed. If we limit the use of the term RRs to studies that
involve collaboration with industry (which is consistent with Rico et al. (2020)’s
guidelines) and ensure that any identified process changes are monitored by the
review team, this may lead to more industry case studies reporting evaluations
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of process changes introduced by scientific evidence. More industry case studies
might improve the availability of primary studies for case surveys, which is critical
in systematic reviews aiming to influence industry practice (Kitchenham et al.,
2023a).

Recommendation 7. Limit the use of RRs to collaborations with a defined requester or
knowledge user (i.e., to use the evidence in a particular situation) in low-resource settings,
and ensure that any identified process changes are monitored by the review team.

Finally, with regards to the decision between conducting an RR or an SR,
opting for a full SR should be considered when stronger evidence is necessary.
However, this might be deemed inappropriate if the requesters consider it crucial
to minimize timescales or are in a low-resource setting. In such cases, it would be
prudent to assess which SR processes can be restricted (see Section 8.4.4). Finally,
even in the context of collaboration with requesters or other stakeholders, it is
possible to consider conducting an RR as a preliminary stage to a full systematic
review.

8.4.2 Low-resource settings and use of existing secondary studies

Although existing literature about RRs in SE emphasizes that they mainly seek to
address a requirement within a short timeframe (Cartaxo et al., 2018; Rico et al.,
2024), it could be argued that its primary goal is to aggregate evidence in a low-
resource setting. This encompasses scenarios such as our replication or one of the
RRs reported by Rico et al. (2024), where the RRs were conducted over several
months but with very limited dedicated effort throughout that period. However,
the need for scientific evidence in a resource-constrained setting cannot be solely
addressed by conducting a RR.

In our case, as our intention was to conduct a replication as close as possible
to the original study by Cartaxo et al. (2018), we directly considered conducting
a RR without explicitly searching for possible previous SRs conducted on the
topic of interest. The secondary studies we found in our search did not directly
answer the research questions but we planned to consider them if we did not
find suitable primary studies to answer the research questions. However, after
analyzing the results of our study and previous studies on RRs in SE, with the
aim of minimizing effort and timescales, we suggest researcher utilize secondary
studies if relevant ones are available, as we explain below.

From the viewpoint of practitioners, they have a question or problem they need
to address. An RR can provide an answer in situations where low cost and speed
are critical. However, if the initial search, finds a good quality, and relevant, SR
or mapping study, that may be sufficient to address the problem directly or at
least identify some relevant primary studies. It may also present a mature (i.e.
well-understood, well-tested answer) which would be of particular value to small
IT companies (although the results might need to be refined and interpreted to
provide actionable process change recommendations). For R&D organizations who
want “state of the art” results, updating a good quality SR might be quicker and
might provide more valuable information than conducting a RR.
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For inexperienced researchers it may be difficult to consider how to use an
already published SR or mapping study. In our opinion this could be done in a
variety of ways:

– To answer questions or problems directly if the SR answers the same questions
and has adequate quality.

– To reduce the effort needed for the RR by basing the selection on the set (or a
subset) of the primary studies of the previous SR. This was the method used
in the RR conducted by Song et al. (2022).

– As a means of improving or validating the RR:
– Improving the search process, since a previous SR can provide validated

search strings and/or ideas for keywords.
– Validating the search strategy, i.e., by checking whether the RR search

process found all the relevant primary studies found by the previous SR.
– Validating the results, i.e., assessing whether the previous SR raised any

issue that the RR has not? Assessing whether results agree, and if in-
vestigating why they do not. This type of analysis presuppose that both
secondary studies are addressing very similar research questions.

– Justifying the publication of the RR, i.e., identifying the additional results that
the RR provides compared with the previous SR(s).

– In general only in the case of updating an existing SR, can the results from a
new search process be fully integrated with the existing results. An example is
the study by Da Silva et al. (2011).

Recommendation 8. Before deciding to conduct an RR, consider using an existing SR
(or other secondary study) if available.

8.4.3 Quality Assessment

None of the RRs previously reported in the field of SE (refer to Section 3), nor
Cartaxo et al. (2018)’s original paper, nor the recent guidelines by Rico et al.
(2020), included quality assessment of primary studies. However, Cartaxo et al.
(2019)’s study indicates that some researchers believe that RRs without quality
evaluation are not useful. In our study, the requesters were interested in evidence
from studies of companies similar to their own in terms of staffing levels and use
of SE methods. More generally, we would expect practitioners to be interested
in information that provides insights into (1) the methods and limitations of the
studies, to better determine the reliability of the evidence and the extent of support
for specific process changes, and (2) the applicability of the evidence to the specific
context in which they are working. To address the latter, incorporating selection
criteria to exclude studies that do not show applicability could be a more direct
approach, however, the limitations of the evidence in SE research can often make
that option infeasible (as happened in our case).

Recommendation 9. Do not rule out quality assessment stage prematurely. Requesters
might be interested in the strength and applicability of evidence for recommendations,
which requires evaluating methodological weaknesses of primary studies.
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8.4.4 Process shortcuts, deviations and risks

Several researchers indicate that minimum standards are necessary for RRs (Car-
taxo et al., 2019). We agree with this and believe that Rico et al. (2020)’s guidelines
for conducting RRs collaboratively with practitioners are a good reference.

The specific RR process needs to be designed to meet the specific require-
ments of requesters. No step in the SR process can be omitted without risking
the reliability of the RR conclusions. We agree with Rico et al. (2020) and King
et al. (2022) that producing a protocol is important because it defines the roles
and responsibilities of the review team and the company participants. However,
regarding other SR processes, the review team and requesters need to discuss the
risks associated with any proposed deviation from the standard SR process.

Recommendation 10. The specific RR process should be tailored to meet the specific
requirements of requesters. Adhering to Rico et al. (2020)’s guidelines may be helpful.
Maintaining a protocol is essential. Any shortcut or deviation in the SR process must be
carefully studied and discussed with requesters, as they introduce risks to the reliability of
the RR conclusions.

Our systematic review (refer to Section 3) suggests that the most common
process changes involve omitting quality evaluation of the literature, searching a
single digital library, or using a single researcher for one or more of the search,
selection, and aggregation processes. In terms of risk minimization, searching a
single source such as SCOPUS might often be the best option, as SCOPUS covers
most of the important SE journals. Furthermore, it would be relatively easy for
academics wishing to update the RR to broaden the search process. However, if
requesters require the most up-to-date information, the review team may need to
search for articles published in specialist workshops or archive sites, which may
not be indexed by SCOPUS.

Recommendation 11. To minimize risks, opting to search a single source such as SCO-
PUS can be the best approach to streamline the SR process.

Finally, regarding rigor, we believe that for RRs, the issue is not complete-
ness but reproducibility and transparency in reporting. An RR could serve as a
starting point for further research if it addresses issues likely to affect other com-
panies. If the RR proposes options to address a problem, the success or failure of
the adopted process change could provide valuable insights for other companies.
Moreover, an RR could serve as a valuable starting point for a full SR if its scope,
limitations, and results are well-documented, potentially extending beyond initial
constraints to provide comprehensive insights. Reporting on the process changes
and their impacts would make for an interesting case study on specific process
change recommendations.

Recommendation 12. When it comes to rigor in an RR, the primary concern is not
completeness but rather ensuring reproducibility and transparency in its report, with con-
sideration for the future use of its results.
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8.4.5 Dissemination of RR results

The dissemination of the results of a RR is an essential stage of the process. Re-
questers do not necessarily need a full academic-style report, but they do need to
understand the results and recommendations well enough to make informed deci-
sions. Rico et al. (2020) suggests that the results of the review must be reported
to the requesters, and that a separate activity should consider dissemination to
other stakeholders and academics. We agree and note that both Cartaxo et al.
(2018) and our studies found that a meeting with the requesters and other com-
pany staff was useful. Such a meeting allows company representatives to discuss
the recommendations with the review team and identify the best options for any
required process change. This suggests that dissemination efforts such as work-
shops or hands-on activities facilitate the reception and incorporation of evidence
from RRs. Additionally, it would seem sensible for the review team to provide a
preliminary report of the main conclusions and recommendations of the review
prior to the meeting (though we consider an evidence briefing is insufficient).

Cartaxo et al. (2018) argue for the use of appealing media to present results
to practitioners, this perspective is applicable mainly to RRs that are formally
requested or conducted in close collaboration with the practitioners utilizing the
results. In such cases, requesters may not necessarily need access to detailed in-
formation such as search methods, search terms, selection processes, etc. In these
cases, where requesters actively participate in the entire process and are famil-
iar with and have validated the decisions of the reviewing team, the additional
information may not be essential.

However, unless this more detailed information about the SR process is re-
ported somewhere, regardless of the importance of the results, their value to other
researchers or practitioners will be limited. For example, researchers will not know
which recommendations require further research, hindering the ability to update
or extend the results systematically. Practitioners will not be aware of the extent
to which RR results have been tailored to the specific context of the original re-
questers, potentially omitting important findings that might not be relevant in
the requester’s specific situation. An overemphasis on evidence briefings for dis-
semination, without a recommendation to report basic RR process information in
ancillary materials, could reduce the scientific and practical value of RRs. Although
it should be relatively simple to increase its value by including the additional in-
formation (or a reference to it) in any externally published RR report.

Despite a recent increase in the publication of RRs in SE, our systematic
review indicates that these reports are often incomplete and lack the necessary
information for a comprehensive understanding of the RR process or its results.
To address this, it may be beneficial to consider the use of SEGRESS guidelines
for reporting secondary studies (Kitchenham et al., 2023b) and the list of core
reporting & dissemination principles for rapid review prepared by Kelly et al.
(2022). Importantly, it should be noted that the expedited nature of RRs, where
certain stages are omitted or shortened to provide quicker results, does not justify
inadequate or incomplete reporting.
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Recommendation 13. The dissemination of RR results should consider the target au-
diences. Activities that facilitate discussions on evidence and its practical application are
most suitable for the RR requesters. Meanwhile, an academic report must be sufficiently
comprehensive to enable appropriate use of the results by those not involved in the RR
conduct.

8.5 Trustworthiness of this study

It is necessary to reflect on the weaknesses of our work. For this, we used the
proposal made by Krefting (1991), which is based on Guba (1981)’s model of
trustworthiness of qualitative research. We evaluated the following aspects:

— Credibility is a measure of whether the study’s findings are correct and ac-
curate. It relies on the credibility of the researchers themselves, as well as their
research methods and the reflexivity used to evaluate their research.

From this perspective, we detected one issue related to the ability of the re-
search team to conduct an RR. Specifically, although they were previously trained
and worked closely with Pizard, for Lezama and Garcıa this was their first par-
ticipation in conducting an RR or SR. To mitigate possible deviations from the
RR methodology, we worked following the RR guidelines (including, among other
things, developing a protocol prior to conducting), and we consulted doubts and
decisions with Vallespir throughout the process. Pizard took the lead in the ag-
gregation process, one of the most difficult RR stages for novices to understand
(Pizard et al., 2021), by supervising the elaboration of the process recommenda-
tions from the primary studies.

In addition, we identified two issues that might have introduced bias into the
study outcomes:

– Lezama worked in the company and the requesters and members of the com-
pany knew that the RR conduct was part of his capstone project. Thus, they
could have been tempted to give positive comments. We sought to mitigate this
by repeating many times to them that positive or negative results were equally
important to our study and obtaining their perceptions of the RR results on
different occasions and by different methods.

– Pizard sought to complete his research on the adoption of EBSE, which could
be thought of as more valuable with positive results. To mitigate the risk of
possible bias in this direction, Pizard kept a detailed journal of his decisions
and actions, he also reported and consulted his decisions with Vallespir and
Kitchenham at different times throughout the planning and the conduct of the
study, and analysis and reporting of the results.

— Transferability refers to the degree to which the results of qualitative research
are applicable in other contexts or settings. From a qualitative perspective, the
context in which the results were obtained, along with any atypical factors, events,
or behaviors of the participants and their possible influence on the transfer of
results to other settings, must be adequately analyzed and reported.

Thus we attempted to assessed the limitations of various aspects of study that
might impact transferability:
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– We cannot adequately assess the efficacy of the recommendations for process
change identified by the RR because the situation in the company did not al-
low us to follow up how well the process changes introduced by the requesters
worked out. This is a major limitation of our study and it limits the overall
research value of our study. It should also be noted that we did not plan in
advance how to assess the impact of any process changes which is an essential
issue for researchers and practitioners who would like to know how effective
specific recommendations were at addressing the specified company problems.
The only approximation to an evaluation of the results was the follow-up ques-
tionnaire conducted a few months after the closure of the company with the
requesters. During the time the requesters indicated using the results of the
RR, they also reported using the Confluence tool for KM activities (as re-
quested by the firm that had acquired the company), which may also have
influenced their opinions about the results of the RR.

– With respect to collaboration between academics and small companies staffed
by practitioners without SE research experiences, our results are encouraging,
but it is possible that Lezma’s personal relationship with the company had a
significant contribution both to the collaboration process and to the attitude
of the company staff to the RR method and its recommendations.

– With respect to the use of RRs to support industry-academia collaboration,
our results generally support Cartaxo et al. (2018)’s conclusion that RRs can
support practitioners to select process changes to address SE process prob-
lems. Our results are also consistent with the experiences of other researchers
that have used RRs in such collaborations, see (Rico et al., 2024). However, in
the context of collaboration with companies with little research experience, we
believe it is important that the researchers take care to present the RR recom-
mendation carefully, and provide explanation of how the recommendation can
lead to specific process changes. Also, the company’s positive attitude to the
RR results may have been partly due to the fact that they were accustomed
to embedding process change in their two-week sprint cycle and asked us to
deliver recommendations that suited that process.

— Confirmability of qualitative data is assured when data are checked and
rechecked throughout data collection and analysis in order to ensure results are
likely to be auditable by others. This can be documented by a clear description
of the analysis process, including approach strategies, roles of researchers, coding
schemes that were applied, and strategies for verifying results. We have reported
our data collection, analysis and synthesis processes including our internal valida-
tion processes with the goal of being as transparent as possible. Of particular note
are the following validation processes:

– Validating the proposed information sources with the requesters during the RR
process.

– Obtaining feedback on the RR conduct from Fernando Acerenza (a researcher
with some EBSE knowledge and experience).

– Assessing the attitudes of company staff to the RR recommendations both by
analysis of the comments made in the dissemination meeting and the post-
meeting questionnaire.

– Vallespir and Kitchenham providing a critique of Pizard’s thematic analysis
process and results.
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In addition, to provide readers with additional confirmation of the qualitative
results mentioned in this report, as suggested by Braun and Clarke (2006), we
provide specific quotes from our meetings with the company staff to support our
analysis and interpretations of their comments.

However, the uses that the two requesters claim to have made of the results
were obtained solely from the follow-up questionnaire carried out a few months
after the closure of the company.

— Dependability is important to trustworthiness because it establishes the re-
search study’s findings as consistent and auditable. Thus, dependability has some
overlap with confirmability. However, dependability also requires that researchers
should aim to verify that their findings are consistent with the raw data they
collected.

Our validation procedures were intended to ensure that our findings remained
consistent with our raw data. In addition, we report specific quotes from our
meetings with the company staff to confirm consistency between our findings and
the raw data.

9 Concluding Remarks

Our study provides support for the value of rapid reviews in the software industry.
Specifically, our results confirm that the benefits of RRs are not limited to prac-
titioners with research expertise. Most of the practitioners’ perceptions about RR
outcomes were positive and strongly consistent with previous research (Cartaxo
et al., 2018). All practitioners agreed that the RR results were more reliable than
the information they usually used. They also highlighted the recommendations
seemed useful and beneficial to address the problem they were facing, and, some
months later, they reported having used some of the recommendations. In our ap-
plication, we prioritized reducing the effort although due to the availability of the
reviewers the RR took three months. One of the requesters has preferred shorter
time scales, which confirms that practitioners appreciate results in a short time
and that it is also necessary to carefully prioritize all requesters’ needs.

The major novelties of our study are that it:

– Assesses the previous research on RRs in SE. This includes an investigation
into the scope of RR adoption, main shortcuts and deviations used in the
review process, and the reporting of RRs. Furthermore, it includes a detailed
analysis of studies contributing to understanding the value of RRs in our field.

– Evaluates practitioners’ perceptions on using RRs to support software engi-
neering practice in the context of a software company. Unlike previous studies,
the practitioners who participated in our research had no prior experience in
SE research and they were not experts on the topic of RR.

– Provides evidence that RRs can support the SE industry practice. Specifically,
it validates various benefits outlined by Cartaxo et al. (2018) during the initial
assessment of RRs in SE, and confirms the need to translate broad RR rec-
ommendations into actionable process changes and the importance of ensuring
practitioners comprehend the results, e.g., through face-to-face activities like
dissemination workshops.
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Our main recommendations on the use of RR in SE are:

– Following practices in healthcare Kelly et al. (2022), recommendations from
Ralph and Baltes (2022), and guidelines by Rico et al. (2020), the term Rapid
Review should be restricted to cases where researchers have a defined re-
quester/knowledge user (or are themselves the knowledge user in a specific
situation) and face requirements with short timescales or are in low-resource
settings.

– SE researchers should adhere to Rico et al. (2020) guidelines, but should not
arbitrarily dismiss the idea of quality assessment of primary studies.

– SE researchers should remain flexible regarding specific methods to stream-
line the SR process. In particular, they should utilize existing SRs wherever
possible.
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Sarro F, Taibi D, Siegmund J, Spinellis D, Staron M, Stol K, Storey MA, Taibi
D, Tamburri D, Torchiano M, Treude C, Turhan B, Wang X, Vegas S (2021)
Empirical Standards for Software Engineering Research. 2010.03525

Rico S, Ali NB, Engström E, Host M (2020) Guidelines for conducting interactive
rapid reviews in software engineering – from a focus on technology transfer to
knowledge exchange. URL https://doi.org/10.5281/zenodo.4327725
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I Complementary Information on the RR

For the purpose of increasing traceability and reproducibility, this section includes additional
information on the rapid review presented in Section 6.

- Studies supporting RR recommendations. Table 10 report the primary studies
associated with the recommendations for improving KM practices obtained as RR results.

II Complementary Information on the Data Analysis

To enhance traceability, this section provides additional details on the data analysis described
in Section 6. Specifically, Table 11 reports the themes resulting from the analysis and the data
from which each theme was identified.
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Recommendations Studies that support each recommendation

Definition

KM strategy (Yglesias, 1998; Santos et al., 2014)
Simple & clear processes (Birk and Dingsøyr, 2005; Khan et al., 2012; Heredia et al.,

2014)
Defining responsibilities (Smite and Dingsøyr, 2012; Šmite et al., 2017)
Metrics (Soini, 2008; Jurado et al., 2015)

Communication

Communicate strategy (Yglesias, 1998)
Emphasize benefits (Soini, 2008; Heredia et al., 2014; Chen et al., 2018)
KM Training (Matturro and Silva, 2010; Viana et al., 2015; Vasanthapriyan

et al., 2017)

Values

Commitment (Khan et al., 2012; Heredia et al., 2014)
Communication (Khan et al., 2012)
Cooperation (Khan et al., 2012; Pulkkinen. et al., 2007; Soini, 2008; Šmite

et al., 2017; Humayun et al., 2013)
Trust (Khan et al., 2012; Soini, 2008; Humayun et al., 2013)
Horizontality (Yglesias, 1998)
Motivation (Soini et al., 2007; Khan et al., 2012; Chen et al., 2018)

Resources

Tools (Birk and Dingsøyr, 2005; Gervigny and Nagowah, 2017; San-
tos et al., 2014; Smite and Dingsøyr, 2012; Kammani et al.,
2013)

Social software (Santos et al., 2014; Heredia et al., 2017)
Categories (Milovanović et al., 2012)
Gamification (Jurado et al., 2015)
Training (Viana et al., 2015; Khan et al., 2012)
Rotation of stakeholders (Khan et al., 2012)
Rewards (Vasanthapriyan et al., 2017)
Record of lessons learned (Viana et al., 2013; Matturro and Silva, 2010)

Table 10 Studies supporting RR recommendations.
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Supplementary materials to the paper “Using Rapid Reviews to Support Software Engineering
Practice: A Systematic Review and a Replication Study”. It includes an extended version of the
systematic review of rapid review research in SE presented in the referred paper. August 2024.

I. GOAL AND METHOD

In order to assess take-up of RRs in SE, we conducted a
systematic review of RR research based on citation anal-
ysis of two of Cartaxo’s papers ( [7] and [8]). Our research
questions were:

• RQI: What is the extent of take-up of RRs in the
SE domain?

• RQII: What was the scope of these studies?
• RQII: What are the methodological characteristics
of the reported RRs?

• RQIV: Which studies contributed to assessing the
value of RRs and what have they found?

We conducted searches for citations of Cartaxo et
al.’s works on the respective publication sites (ACM and
Springer) and Google Scholar. The first search took place
on February 1, 2023, during which we examined 117 cita-
tions and identified 12 publications of interest. A second
search was conducted on November 27, 2023, resulting
in the identification of 150 citations. After removing du-
plicates, we found 23 publications of interest, including
articles from conferences or journals and book chapters
[1, 3–6, 9–12, 15–19, 21–23, 25, 26, 28–31].

The analysis was performed by Pizard under the super-
vision of Kitchenham. Both authors discussed the results
of the analysis, identifying new information of interest
that was subsequently extracted by Pizard. The excep-
tion to this process was Table VI, which was developed
by Kitchenham and reviewed by Pizard.

II. RESULTS

A. RQI: Extent of take-up of RRs in the SE

We found 23 reporting RRs in SE, although one of
them analyzed the process used by two previously pub-
lished RRs [28]. Since this study includes additional ob-
jectives and information to the original studies, we main-
tain it in our following analysis except in situations where
otherwise indicated. 15 of these studies were published
in 2023 (prior to Nov 23).

Researchers from 13 countries participated in the stud-
ies. Table I shows the number of papers and researchers
from the different countries of affiliation of the authors
(some authors have more than one affiliation). A co-

author of the original RR in SE studies participated in
one of the studies [15].

B. RQII: Scope of the studies

13 of the studies report an RR aimed at acquiring
knowledge in a specific field, with some studies explicitly
indicating this intent while others do not (though they
also refrain from reporting any alternative use or moti-
vation). The remaining 10 studies had broader goals, as
shown in Table II. For example, some of them sought
to complement or validate the RRs’ results while oth-
ers used the RRs’ results were used to develop a model,
catalog, or artifact.
Nine studies report conducting an RR and comple-

menting/comparing its results with stakeholders’ opin-
ions (refer to Table II). Additionally, in another study,
the RR served as a starting point for collaboration with
stakeholders, but neither their participation nor feedback
is reported.
Table III shows topics addressed by RRs in the 22

studies excluding [28]. The number of topics covered is
greater than the number of studies because some studies
reported multiple RRs on different topics. Studies that
reported multiple RRs on the same topic were counted
once only. Table III confirms that 13 of the most com-
monly addressed topics related to the software process
(i.e., software construction, software testing and software
maintenance), and technology impact was another fre-
quently addressed topic.
The vast majority of RRs included only white litera-

ture. However, three RRs include grey literature [4, 5, 30]
and another one was conducted in conjunction with a
grey literature review [15]. Two studies aimed to search
for software tools (the selection ends in Gitlab or Github)
[10, 30] and another study searched for both models and
tools (both within white literature) [11].

C. RQIII: Methodological characteristics of
published RRs

Before analyzing the review processes used to conduct
RRs, it is necessary to consider the quality of their re-
ports. The studies report the RRs with varying levels
of detail and completeness. Table IV presents our as-
sessment of these reports against the SE Guidelines for
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Country Papers # of # of Researchers
Papers Researchers

Brazil [11, 15, 18, 19,
21, 29, 30]

7 24 Alan Lyra, Andrea Doreste, Bruno Cartaxo, Carlos Eduardo Bar-
bosa, Cassio Andrade Furukawa, Clinton Hudson Moreira Pessoa,
Débora Maria Barroso Paiva, Guilherme H. Travassos, Herbert
Salazar, Jano Moreira de Souza, Leopoldo Teixeira, Maria Istela
Cagnin, Matheus Argôlo, Michele dos Santos Soares, Rebeca C.
Motta, Roberto Rufino Júnior, Rodrigo Pereira dos Santos, Ro-
drigo Pereira Pagliusi, Rogério P. dos Santos, Samuel Loli, Sean
Wolfgand Matsui Siqueira, Tadeu Moreira de Classe, Vı́tor de Cas-
tro Paes, Yuri Oliveira de Lima

Italy [3–5, 16–18] 6 15 Alessandro Marchetto, Anna Rita Fasolino, Antonia Bertolino,
Azzurra Ragone, Berenice Fernández Nieto, Danilo Caivano,
Domenico Amalfitano, Domenico Gigante, Felicita Di Gian-
domenico, Francesca Lonetti, Giovanni Dimauro, Giuseppe Scan-
niello, Maria T. Baldassarre, Simone Romano, Vita Santa Barletta

Sweden [6, 28, 31] 3 9 Elizabeth Bjarnason, Emelie Engström, H̊akan Ardö, Markus
Borg, Martin Höst, Nauman bin Ali, Patrik Åberg, Qunying Song,
Sergio Rico

Portugal [10, 30] 2 5 Filipe Correia, Marko Beko, Nuno Fachada, Rogério P. dos Santos,
Valderi R. Q. Leithardt

Germany [9, 10] 2 8 Ana Cristina Franco da Silva, Carolin Rubner, Horst Sauer, Jonas
Fritzsch, Justus Bogner, Markus Haug, Matthias Saft, Stefan
Wagner

Romania [25, 26] 2 3 Laura-Diana Radu, Sabina-Cristiana Necula, Vasile-Daniel
Păvăloaia

UK [18, 22] 2 2 Barbara Kitchenham, Santiago Matalonga
Chile [12, 23] 2 4 Francisco Ponce, Gastón Márquez, Hernán Astudillo, Mauricio

Hidalgo
France [19] 1 2 Rebeca C. Motta, Káthia M. de Oliveira
Uruguay [22] 1 3 Diego Vallespir, Fernando Acerenza, Sebastián Pizard
USA [1] 1 2 Amr S. Abdelfattah, Tomas Cerny
Spain [12] 1 1 Laura M. Castro
The Netherlands [10] 1 1 Justus Bogner

TABLE I. Number of papers and researchers from the countries of authors’ affiliations.

Reporting Secondary Studies (SEGRESS) [14].

Table V summarizes the reporting limitations and pro-
cess changes that we found in the 22 papers reporting
RRs (i.e, not including [28] as it analyzes two previously
published RRs).

In most studies, adequately considering the RR process
or its results is challenging due to insufficiently reported
information. In general, detailed information is presented
about the sources used and the information search stage,
less information about selection and extraction. But the
synthesis stage is the worst reported (only four studies
report it adequately).

Table VI presents the motivation for the RR conduct
and the reported use of protocols by the authors. Look-
ing at the primary studies, there appears to be some
misunderstanding about the term “protocol” within the
context of an RR. Some studies acknowledge that an RR
protocol is utilized to outline the organization of their
specific RR, while others seem to use the term “RR pro-
tocol” to refer to the generic RR process.

It is noteworthy that only the authors of five of the
studies reporting RRs explicitly indicate having used a
protocol to guide the RR conduct and only one study
makes it available.

Reproducibility is a desirable characteristic of sec-
ondary studies. The lack of proper reporting poses a
threat to achieving it. Specifically, the failure to report
synthesis methods hinders reproducibility in most studies
reporting RRs in SE. Only two studies, namely [5, 20],
include the date of search, the list of primary studies, and

details of the synthesis methods used. Furthermore, only
the latter study included the full protocol. Additionally,
[5] utilized Google as a search engine, which may pose
challenges for reproducibility due to its inherent charac-
teristics. Despite this, the authors of [5] have provided
supplementary material detailing the outcomes of the dif-
ferent stages. To our understanding, these two studies
are the only ones offering characteristics that enable their
reproduction.

D. RQV: Studies assessing the value of RRs

Six studies confirmed the value of RRs by validat-
ing their outcomes (or the models created from them)
through collaboration with stakeholders outside the re-
view team.

• In [11], the authors conducted an opinion survey
with IT professionals (75% out of 20 with post-
graduate studies) to validate the RR outcomes.

• In [31], an RR is conducted as a starting point in
a collaboration with a software company.

• In [15], a catalog of object-relational mapping code
smells in java was created using an RR results. An
opinion survey is done to validate the results (97%
out of 86 with a bachelor’s degree or more).

• In [6], researchers worked collaboratively with a
company. In particular, three RRs were conducted
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TABLE II. Research Using RR in SE: Citation Analysis of [7, 8] conducted in Nov 2023.
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Topic # of Studies Studies

Software construction 5 [1, 9–11, 15]
Technology impact 5 [3, 4, 21, 25, 26]
Software testing 4 [16–18, 31]
Software maintenance 3 [9, 10, 23]
Software tools 2 [10, 30]
SE professional practice 2 [12, 29]
SE models and methods 2 [5, 6]
Software design 1 [1]
Software process 1 [19]
Evidence-based practice 1 [22]

TABLE III. Topics of the RRs conducted in SE (not including
[28] as it analyzes two previously published RRs).

to create a software selection model, which was val-
idated with a focus group and an application in the
company.

• In [19], seven RRs were conducted to develop a
roadmap for IoT development. To validate it, an
experimental study was carried out where under-
graduates used and evaluated the roadmap.

• In [27], the authors analyzed the artifacts of the RR
reported in [31] and one of the RRs reported in [6].
They also conducted interviews with the RR review
teams, aiming to gain a better understanding of
how RRs were conducted.

Although the feedback reports are not extensive or de-
tailed, in all studies stakeholders had a positive attitude
towards the results confirming the value of RRs. Except
for the study with undergraduates, the others included
practitioners with education achievements of at least de-
gree level.

In the three studies in which researchers collaborated
with companies throughout the RR process [6, 29, 31],
the practitioners were technology experts who specialized
in topics related to RR questions. In two of those stud-
ies in which the results were validated with practitioners
[6, 31], their perceptions of the results were positive, and
their feedback was used to improve the RRs results. De-
spite the fact that in one of the studies, the results were
not directly applicable for practitioners [31], both stud-
ies support the view that RRs are useful in industrial
contexts.

In [27], the authors analyzed the RR reported in [31]
and the first of the RRs reported in [6] to evaluate the
application of recent guidelines for conducting RRs in
collaboration with practitioners, as well as to compre-
hend the benefits and challenges associated with RRs.
The results confirmed that the guidelines were adequate.
Conducting RRs collaboratively benefited the relation-
ship between researchers and practitioners, fostering an
understanding of expectations and establishing a com-
mon terminology. The main challenges included diver-
gent needs, inadequacy of the evidence found (necessi-
tating the use of broad questions), and concerns about
short timelines (RR conduct took a few months but with
low weekly effort).

III. SUMMARY OF STUDIES, RR
SHORTCUTS, & COMMENTS ON REPORTING

This section presents an individual analysis of each pa-
per that includes a very brief summary of the study, com-
ments on the RR process conducted and comments on
the report that complement the information presented in
Table IV.

A. Migrating from monolithic architecture to
microservices: A Rapid Review [23]

The paper presents an RR conducted to learn tech-
niques to migrate monolithic architecture to microser-
vices.
RR shortcuts. Scopus is used as sources and Google

Scholar for snowballing. Selection was done by a single
reviewer, extraction was done by two reviewers (no pro-
cess or agreement statistics are indicated). There is no
quality assessment of the studies.
Comments on the report.

• It has six pages, not including those that contain
references..

• The abstract is not structured but includes the nec-
essary information.

• The problem and the rationale for the study are de-
scribed, but not so much why the study is necessary
(knowledge gap).

• It includes supplementary material with informa-
tion on the results of the selection and data extrac-
tion.

• The synthesis carried out is more in the form of a
mapping study. It is easy to clearly trace the pre-
sented results back to the extracted data (included
in the supplemental material).

B. Disruptive Technologies in Smart Cities: A
Survey on Current Trends and Challenges [26]

The paper presents a RR conducted to understand dis-
ruptive technologies used for the development of smart
cities.
RR shortcuts. They are not explicitly indicated nor

is it clear what is omitted or adapted from the SR pro-
cess. Search is done in IEEE Xplore, Web of Science and
Scopus (which in total return less than 100 papers). The
quantity or roles of the reviewers are not explained. But
it is a single author. There is no quality assessment of
the studies.
Comments on the report.

• The problem is described, but not so much why
the study is necessary (knowledge gap) nor is the
rationale explained well.

• Only the quantity of studies obtained in each
search/source is included.
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TABLE IV. Verification of studies against SEGRESS guidelines for reporting secondary studies.
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RR Process Issues # of Studies Studies

RR Reporting Issues Decreasing Transparency and Reproducibility

Did not report synthesis methods adequately 18 [1, 3, 6, 9–12, 15, 16, 18, 21–23, 25, 26, 29–31]
Did not include the full date of the search 15 [1, 3, 6, 9–12, 15, 17, 18, 21, 25, 26, 29, 31]
Did not report number and roles of reviewers 9 [1, 10, 12, 15, 17, 18, 21, 25, 26]
Only reported number and roles of reviewers for some stages 8 [3, 4, 6, 9, 11, 29–31]
Did not cite primary studies 7 [3, 4, 6, 15, 21, 25, 26]
Did not mention limitations 6 [4, 6, 21, 22, 25, 26]
Reported results only via an Evidence Briefing 2 [3, 15]

Process Changes that could Bias RR Recommendations

Omitted risk of bias evaluation (i.e., quality assessment) 21 all studies except [15]
Used a single search engine 12 [3, 4, 6, 15–17, 19, 21–23, 25, 29]
Used a single researcher for 1 or more stages 8 [3, 9, 11, 19, 22, 23, 29, 30]
Used a subset of the studies found in searches 4 [5, 9, 15, 25]
Included additional studies without explanation 3 [6, 12, 26]

RR Risk Reduction Processes

Used a single search engine complemented with snowballing 4 [16, 19, 21, 23]
Used an Evidence Briefing with additional commentary about RQs 2 [19, 29]
Used only primary studies cited in related SRs 1 [31]
Used tools to assist analysis and classification 1 [25]

TABLE V. Processes adopted in SE RRs (not including [28] as it analyzes two previously published RRs).

Study Rationale for RR conduct Specific client Using a protocol is reported

[1] RR applies to practical problems No No
[3] Fast delivery of results Project researchers No
[4] No specific discussion No No - Generic process
[5] RR benefits explained No No - Generic process
[6] Supported close collaboration Yes No
[9] Industry relevance and efficiency No No - Generic process
[10] Fast delivery of results No No
[11] RR benefits explained No Yes - Protocol not included
[12] Fast delivery of results No No1

[15] RR related to decision making & practical problem Project researchers No
[16] Speed up knowledge transfer No No - Generic process
[17] Fast delivery of results Project researchers No
[18] Quick & resource efficient No Yes - Protocol not included
[19] No specific discussion Project researchers Yes - Protocols included in supplementary materials
[21] Fast delivery of results No No - Generic process
[22] Fast delivery of relevant evidence Project researchers No
[23] RR benefits explained No No - Generic process
[24] RR benefits explained No No
[26] RR benefits explained No No
[29] Fast delivery of results Yes Yes - Protocol not included
[30] Scoping review No No
[31] Practitioners context & knowledge exchange Yes Yes - Protocol not included

1 Although the authors indicate using a protocol, they do not appear to have produced it prior to conducting the RR steps.

TABLE VI. Rationale for RR and use of protocols (not including [28] as it analyzes two previously published RRs).

• The quantity or roles of the reviewers are not clear.
• It is not indicated the date of the searches. It is
said that information from other sources (without
more details) is added to complement information.

• The limitations of the evidence or the process are
not discussed.

C. The Social Impact of Generative AI: An
Analysis on ChatGPT [4]

The paper presents a RR conducted to understand the
social impacts of ChatGPT. The RR considered two dif-
ferent searches, one on grey literature (blogs and news
articles) and another on white literature (using Google
Scholar).

RR shortcuts. The shortcuts considered are not ex-

plicitly indicated. But only consider a search engine and
do not make quality assessment of the studies.
Comments on the report.

• It is not explicitly stated that it is a rapid review,
although it says “we followed the protocol pro-
posed in (Cartaxo, 2018), and we complemented
the review process with the strategies presented in
(Kitchenham and Charters, 2007)”.

• No quantity or roles of reviewers for selection or
synthesis are indicated. Data extraction was car-
ried out by two reviewers and a third resolved dif-
ferences.

• The authors include a link for supplementary ma-
terial on extracted data but it does not work (ac-
cessed 1/9/2024).

• Limitations of the evidence or the process are not
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discussed.

D. A Rapid Review on Fuzz Security Testing for
Software Protocol Implementations [17]

The paper reports a RR conducted to study fuzz secu-
rity testing for software implementations of communica-
tion protocols.

RR shortcuts. The shortcuts considered are not ex-
plicitly indicated. But they only considered one search
engine (Scopus). It is not known if they made short-
cuts in the selection because the process is not explained.
There is no quality assessment of the studies.

Comments on the report.

• The abstract is not structured but includes the nec-
essary information.

• The search returns 48 studies and the accessible full
papers, which are 45, are selected. The selection
process is not explained, although the criteria are.

• No roles or more elaborate selection process are in-
dicated.

• Limitations of the RR process are included.
• Includes supplementary material with a list of se-
lected studies and their classification.

• There are no references to primary studies in the re-
sults (but they can be traced in the supplementary
material). It is rather the analysis of a mapping
study.

E. Alternatives for testing of context-aware
software systems in non-academic settings: results

from a Rapid Review [18]

The paper reports a RR conducted to understand
how non-academic software projects deal with content
variation when testing Context-Aware Software Systems.
There were three interactions of the protocol conduction
in 2019, 2020 and 2022 respectively.

RR shortcuts. Shortcuts are not explicitly stated.
Although the authors used only Scopus and ACM Li-
brary. They say they have invested time in achieving
consistency in the selection of papers, but it is not clear
if this was a stage prior to the selection and then each
reviewer had a group of papers or if they did it simul-
taneously. There is no quality assessment of the studies.
However, study limitations reported by the authors of
the studies are extracted and analyzed to answer one of
the RQs.

Comments on the report.

• The process report is quite detailed, but does not
indicate the number or roles of the reviewers. Al-
though details of how they improved the consis-
tency of their criterion are explained, that is, that
the RR was done by more than one.

• The results begin with a narrative summary of the
studies. Then, some questions are answered with
categorization of the papers while others include
themes that emerge from the studies (although it is
not specified what method is used to obtain them).

F. Roadmap to Reasoning in Microservice
Systems: A Rapid Review [1]

The paper presents a RR conducted to understand the
microservice-based reasoning process (i.e., analysis and
reasoning of microservice-based systems).
RR shortcuts. Shortcuts are not explicitly stated.

Although only Scopus is used. There is no quality as-
sessment of the studies.
Comments on the report.

• The background and need for the RR, nor its ra-
tionale, are not fully described.

• The RQs are composed and complex, they cover 8
or 9 items instead of 3.

• The number of reviewers or their roles during the
stages of the process are not indicated.

• It is said that snowballing was done but not of what
type or on what papers. The authors also indicate
that they supplemented with ad hoc searches that
are not explained.

• Collaboration from experts is reported but it is not
indicated which ones or their role.

• There is a spreadsheet as supplementary material
but it only seems to have search and selection re-
sults.

• Ten papers were found before snowballing, but al-
though additional information was included in the
snowballing, it is not detailed.

• Results are grouped into themes and stages of a
map but no method or process of synthesis is ex-
plained. The list of selected papers is not indicated.
And the answers to the RQs have entire paragraphs
without references that it is not clear what evidence
supports them.

• An analysis of the limitations of the study is in-
cluded but not a discussion of the results (o this
could be mixed with the results, it is not clear).

G. Artificial Intelligence as a Disruptive
Technology—A Systematic Literature Review [25]

The paper reports a RR conducted to learn more about
artificial intelligence as a disruptive technology and its
effects on different domains.
RR shortcuts. The authors do not explicitly explain

shortcuts used. But only one search engine (Web of sci-
ence) was used. They excluded papers from authors with
only 1 publication on the topic, they considered that
“they did not have a serious approach toward this topic.”
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They used tools to automate analysis of the text of the
studies. There is no quality assessment of the studies.

Comments on the report.

• In the title it is indicated that it is an SR, but in
the paper the authors stated that their objective
was to make a RR.

• No information is included about the knowledge
gap or the background of the topic investigated.
Research is carried out on AI as a disruptive tech-
nology, only an introduction to disruptive technolo-
gies is included and not on AI. Furthermore, the
introduction given is quite simple.

• The number of reviewers or their roles is not in-
cluded.

• The list of primary studies considered is not in-
cluded.

• The authors used MonkeyLearn (a natural lan-
guage processing software with AI) and VOSViewer
to automate the classification and analysis of pa-
pers (without indicating much detail about that).
Nothing more about synthesis, it seems too poor
to me. Although then they not only present results
from those tools but also more content grouped into
topics that it is not known where it came from.

• An analysis of the limitations of the process or the
evidence is not included.

Additional comments.

• The RQs do not seem appropriate for the search
conducted. The authors say they survey disruptive
technologies (DT) and compare with AI (as another
disruptive technology), for example RQ1 aims to
understand how DTs evolved over time. However
the search string includes the term AI.

• The authors consider that RR is a problem-oriented
method unlike SRs. The authors stated: “Among
the advantages of using a rapid review, as men-
tioned by (Cartaxo, 2018), we contend that it pro-
vides reliable content while fostering the discovery
of new additional concepts (1); Thus, it is consid-
ered a problem-oriented method that supports a
flexible knowledge transfer environment (2).”

H. A Rapid Review on the Use of Free and Open
Source Technologies and Software Applied to

Precision Agriculture Practices [30]

The paper presents an RR conducted with the goal
of identifying free and open-source software capable of
solving real-world problems in precision architecture.

RR shortcuts. Shortcuts used are not indicated nor
do they justify why they use an RR. The authors searched
using Google Scholar, GitHub, and GitLab. One reviewer
conducted searches. There is no quality assessment of the
studies.

Comments on the report.

• Although the abstract is not structured, it has ap-
propriate information.

• The introduction to the background and rationale
of RR is adequate.

• One reviewer carried out the searches and another
reviewed his work, but it is not clear whether this
also applied to other stages such as selection or ex-
traction.

• The data items collected are explained quite well
but the synthesis process is not explained. The
results involve classifications but also a narrative
description of each study.

• A discussion of the results is reported, including an
analysis of the limitations of the study.

I. Challenges to Use Role Playing in Software
Engineering Education: A Rapid Review [12]

The paper presents an RR undertaken with the ob-
jective of providing a comprehensive perspective on the
challenges associated with the utilization of Role-Playing
in Software Engineering Education.
RR shortcuts. No shortcuts used are indicated and

the justification for using a RR is not convincing (see
additional comment below). The authors use Scopus,
Web of Science and IEEE Xplore. The results are com-
plemented with suggested sources by the research team
(without more information). The number or roles of the
reviewers are not explained. There is no quality assess-
ment of the studies.
Comments on the report.

• It has 13 pages (Springer format), not including
those that contain references.

• Although the abstract is not structured, it includes
adequate information.

• Although the background and rationale of the
study are described very well, the knowledge gap is
not entirely clear nor are there any previous stud-
ies.

• No number or roles of reviewers are indicated.
• The explanation of the synthesis process is very
brief. The papers were classified and a descriptive
synthesis of each one was made. But the results
include challenges grouped into certain categories,
this is not explained how it was elaborated.

• There are results (see, e.g., 5.1) that include themes
and explanations without references to primary
studies.

• The discussion includes a (brief) analysis of the lim-
itations of the process. Interpretation of the evi-
dence in relation to background or other evidence
is not included.

Additional comments.

• The authors consider that RR is a problem-oriented
method unlike SRs. The authors, when explaining
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RRs, stated: “Rapid Reviews (RR) are practice-
oriented secondary studies, and their main goal is
to provide evidence to support decision-making to-
wards the solution, or at least attenuation, of issues
practitioners face in practice [ 1] (Cartaxo, 2020,
Book Chapter)”. They also pointed out that RRs
deliver evidence in less time and justify their use of
an RR with these both arguments.

J. Model-based security testing in IoT systems: A
Rapid Review [16]

The paper reports an RR conducted to understand the
use of Model-based security testing in Internet-of-Things
systems.

RR shortcuts. The authors used a single search en-
gine (Scopus) in two rounds: until 2021 and then adding
until April 2022. They complemented with “backward
and forward snowballing procedure on a balanced and
randomly chosen subset of selected papers.” They do
not indicate how the extraction and synthesis were done
so there could be other shortcuts. There is no quality
assessment of the studies.

Comments on the report.

• The questions were answered mainly with classifi-
cation of the selected studies and with a narrative
synthesis of some particular information from the
studies gropued in some categories. In some ques-
tions, e.g. RQ6 on challenges or future directions
themes used seems to be elaborated through some
type of synthesis of the primary studies, but is not
indicated how it is done.

• The discussion is brief but seems complete, includ-
ing limitations, keyfindings and future research.
There are no reflections about previous works but
it seems that there were no works that cover all
the concepts of the RR, that is, the results are not
comparable.

Additional comments.

• Although the authors correctly explain RRs stat-
ing that they are complementary to the SRs, they
also report the following, which it seems to ap-
ply currently only in the health field: “However,
it has been shown that Rapid Review comple-
mented by a rigorous snowballing process, can
achieve as good results as Full Systematic Reviews”
(10.1016/j.jclinepi.2017.12.001).

K. Analyzing the Challenges for Future Smart and
Sustainable Cities [21]

The paper reports an RR undertaken to analyze ap-
proaches of Smart Cities implementation and main chal-
lenges.

RR shortcuts. No shortcuts used are explicitly in-
dicated. But the authors used only one search engine
(Scopus). The number or roles of the reviewers are not
explained. There is no quality assessment of the studies.
Comments on the report.

• It is not indicated in the title that it is an RR.
• The abstract is not structured and does not include
information on results or conclusions.

• Although some background is included, the knowl-
edge gap is not made explicit.

• The authors report a mixture of of process defi-
nition and and process execution in places. Thus
it seems that they have used a generic process to
guide their planning, but then report the specific
processes that they used in the paper.

• The number or roles of reviewers are not indicated.
• The results are presented using some classifications,
but also some dimensions and challenges are pre-
sented (the qualitative synthesis technique used is
not indicated).

• No limitations of the process or evidence are in-
cluded in the discussion. Although related works
are reviewed, they are not discussed against the
evidence of the RR.

L. A Rapid Review of Responsible AI frameworks:
How to guide the development of ethical AI [5]

The paper reports a RR undertaken to learn about
frameworks proposed to help and speed up the adop-
tion of Responsible Artificial Intelligence practices. They
searched for white literature and also grey literature.
RR shortcuts. No shortcuts made are explicit. To

search for white literature the authors used Scopus and
Google Scholar (of the latter they only kept the first 20
pages). Algorithm Watch, OECD database and Google
were used for grey literature. The selection and extrac-
tion was done by two reviewers and a third author re-
solved conflicts. There is no quality assessment of the
studies.
Comments on the report.

• Although the abstract is not structured, it includes
the corresponding information.

• The selection and extraction stages are very well
explained.

• They include supplementary material on extracted
data including classification of studies.

• The authors mostly performed categorization of the
studies. They indicate in considerable detail the
categories used and how they were classified. No
methods or statistics of agreement between review-
ers when classifying are indicated.

• The supplementary material describes what was
found in each study.

• We accessed a preprint but we assume that the fol-
lowing items are met but in the paper published at
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the conference: Support & Competing interests of
the review authors.

M. On Internet-of-things Devices in Ambient
Assisted Living Solutions [3]

The paper reports a RR conducted to learn about
Internet-of-Things devices that have been using in Am-
bient Assisted Living Solutions for elderly people.

RR shortcuts. Shortcuts made are not explicitly re-
ported. The authors used only one search engine (Sco-
pus). A single reviewer performed the selection. The ex-
traction and synthesis processes and the number or roles
of the reviewers in these stages are not reported. There
is no quality assessment of the studies. To disseminate
the results, the authors prepared an Evidence Briefing.

Comments on the report.

• Paper is only five pages, not including those that
contain references.

• It does not indicate in the title that it is an RR.
• The abstract is not structured and only presents
results and conclusions.

• It is not explained how the extraction and synthesis
were done or the number or role of the reviewers.

• They authors reported using thematic analysis but
do not indicate whether more information, e.g.
whether it was deductive or inductive or how they
identified themes.

• The paper do not include the list of selected papers.
• The results are only reported in an evidence brief-
ing.

• There is no discussion as such but limitations of the
process and a very brief reflection on the study and
its differences from related work are included.

N. Tools for Refactoring to Microservices [10]

The paper presents a RR conducted to learn about
tools for refactoring to microservices. Tools (i.e. soft-
ware) were searched. The paper presents a RR con-
ducted to learn about tools for refactoring to microser-
vices. Tools (i.e. software) were searched. Subsequently,
three master’s students inspected and tested the tools.

RR shortcuts. Shortcuts made are not explicitly
stated. The authors searched in ACM DL, IEEE Xplore,
Springer Link, and Google Scholar. The number and
roles of reviewers are not explained so there may be other
shortcuts. There is no quality assessment of the studies.

Comments on the report.

• It has five pages, not including those that contain
references.

• It does not indicate in the title that it is an RR.
• It is not a structured abstract but its information
is adequate.

• Although brief, the introduction includes all it
should cover.

• It does not say what date the searches were car-
ried out nor adapted search strings or details of the
searches beyond a generic search string.

• The number or roles of the reviewers are not stated
(only that 3 master’s students inspected the tools
found).

• A description of each tool and a table with some
minimal categorizations is included.

• The discussion is very brief but includes limitations
of the process and some few reflections on the re-
sults. For each tool there is practical information
such as whether they are maintained or not. The
discussion seems acceptable according to the objec-
tive of the study.

• The authors include supplementary material with
selected studies, extracted data and classification
of what was found.

O. Adopting microservices and DevOps in the
cyber-physical systems domain: A rapid review and

case study [9]

The paper presents research on using microservices and
DevOps in the Cyber-Physical Systems (CPS) domain,
especially when migrating legacy systems. First the au-
thors performed an RR to analyze the scientific state of
art for microservices and DevOps in the context of CPS.
Second, they conducted an interview-based case study at
Siemens AG to compare the literature findings with in-
dustry experiences. With the interviews, the results of
the RR were not validated with the practitioners, but
rather questions were asked to obtain information that
was later compared with the results of the RR.
RR shortcuts. Four reviewers participated in the RR

and their roles in the process are indicated. Searched in
Google Scholar, ACM DL, IEEE Xplore, Science Direct,
and Springer Link. They only considered the first 50 re-
sults of each search. They also did backward and forward
snowballing. The selection was made by pairs of review-
ers. Although they did pilot tests of the extraction to
agree on criteria, then the extraction of each paper was
done by a single reviewer. Although the synthesis process
is explained, it does not indicate number or roles of the
reviewers. There is no quality assessment of the studies.
Comments on the report.

• Although the abstract is not structured, it has ad-
equate information.

• The selection, extraction and synthesis processes
are very well explained, including roles and activi-
ties taken by the reviewers (except for the synthe-
sis).

• The authors include supplementary material with
information of primary studies (assigned cate-
gories) and intermediate and final results of the
thematic analysis.



11

• The discussion includes RR results and results of
the interviews with Siemens AG personnel, includ-
ing comparison with related work. The study also
includes main takeaways and their implications.
Limitations of the study are included, including the
limitations of the RR process.

Additional comments.

• The authors consider that RR is a problem-oriented
method unlike SRs. The authors say: “Structured
approaches to literature surveys like systematic lit-
erature reviews or systematic mapping studies pro-
vide a rigorous and reproducible process, but also
require considerable effort. Additionally, their re-
sults can be hard to integrate into industry prac-
tice. We therefore decided to conduct a Rapid Re-
view [...] The protocol of a rapid review is still
systematic, but may consciously sacrifice rigor and
extensiveness for industry relevance and efficiency.”

P. Current Risk Situation Training in Industry,
and Games as a Strategy for Playful, Engaging and

Motivating Training [29]

This study investigated Risk Situation Training in In-
dustry and digital games as a strategy to address this
training. It includes a survey conducted with training
managers to understand training taught via traditional
methods, and an RR conducted to examine the litera-
ture on the benefits of using games with a purpose to
support risk situation training. The RR is done in col-
laboration with managers from industry with whom the
initial problem and results are discussed.

RR shortcuts. A single search engine (Scopus) was
used. The complete reading and extraction was done by
a single reviewer. The number or roles of the reviewers
in the selection are not stated. The results are reported
in an evidence briefing (although it is two pages instead
of one), although these results are expanded in the paper
when answering the RQs. There is no quality assessment
of the studies.

Comments on the report.

• It is not indicated in the title that it is an RR.
• The abstract is not structured and does not satis-
factorily cover all the information that is necessary,
it lacks of information about results and conclu-
sions.

• Although a lot of related work on risk situation
training and digital games for training is presented,
the need for RR is not made explicit. It is indicated
that there is an SR on risk situation training in a
specific sector of the industry, although it was not
validated with practitioners. The authors of the
study do not specify whether this SR or its primary
studies are used in any way.

• PICOC is used to define the search string.

• It is not reported number or roles of reviewers, it is
only said that a single researcher did the complete
reading and extraction.

• The RR’s protocol (comprising planning and execu-
tion) and results were validated with the managers.

• The analysis process/method used is not indicated.
It seems that categorization of the studies was
done.

• The discussion and limitations include all parts of
the study (also the RR results).

• Supplementary material is included with selection
results and interview data. In addition, the evi-
dence briefing is presented.

Q. Support for Accessible Software Coding:
Results of a Rapid Literature Review [11]

The paper presents a study that sought to identify
which models and tools support developers in the soft-
ware coding phase in order to meet accessibility require-
ments. To validate the results of the RR, the authors
conducted an opinion survey with professionals in the
technological area.

RR shortcuts. The authors used two search engines
(IEEE Xplore and Scopus). A single reviewer conducted
the RR and other researchers evaluated what was done.
The synthesis process is not explained. There is no qual-
ity assessment of the studies.

Comments on the report.

• According to the extraction form and the results, it
seems that the papers were classified and in addi-
tion to that a summary of each study was included.
However, the synthesis process was not explained.

• The link to the supplementary material does not
work (Accessed 1/23/2024).

• The discussion included reflections of all stages of
the study. It seems complete and also includes lim-
itations of the RR process. Recommendations for
practice are also included.

Additional comments.

• The authors stated that it is necessary to validate
the results of an RR with practitioners (although
this is not strictly necessary) and that is the ratio-
nale why they conducted opinion survey to validate
the results. The authors specifically say: “As the
purpose of the RRs is to provide information and
evidence to professionals in a timely manner and
thus contribute to solving practical problems faced
by them, the evaluation of data extracted from the
literature with professionals in the technology area
is necessary.”
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R. Exploring ML testing in practice – Lessons
learned from an interactive rapid review with Axis

Communications [31]

The paper presents a RR conducted to establish the
state of the art of machine learning (ML) testing. The
RR is conducted in collaboration with practitioners from
the company Axis Communications and was intended to
be the beginning of collaboration on ML testing between
the company and the university. The practitioners col-
laborated throughout the RR and gave feedback on the
results.

RR shortcuts. For the search, the authors used three
recently published secondary studies on ML testing. The
researchers selected from the set of 180 primary studies
included in those three secondary studies. They focused
on answering a subset of the questions defined together
with the company. Studies strongly connected to the
company context were selected. Technological rules were
extracted as a way to structure the synthesis and facil-
itate the process and reception of the evidence by the
practitioners. As the RR was a starting point for collab-
oration, no formal dissemination activities were planned.
There is no quality assessment of the studies.

Comments on the report.

• The abstract is not structured but contains all the
necessary information.

• The search, selection and extraction stages are
quite detailed although it is not indicated who the
reviewers were. Only for selection the roles are re-
ported.

• The synthesis involved extracting technological
rules from the studies. A brief review of each study
is also included. It is not reported who made this
synthesis or how it was validated. Selected studies
were categorized according to the answers to RQs
and it is reported which questions could not be an-
swered (they had many).

• Supplementary material is included with the pri-
mary studies and their classification according to
the RQs they respond to.

S. Assessing attitudes towards evidence-based
software engineering in a government agency [22]

In this paper the authors studied the attitudes towards
EBSE of stakeholders working in a government agency
and to assess whether knowledge of EBSE would im-
pact their working practices. As a starting point, they
conducted a RR of secondary studies on evidence-based
practice in other disciplines. The RR results were used
to complement the discussion of the study results with
the government agency.

RR shortcuts. Only one search engine is used (SCO-
PUS). It is reported that a single author conducted the
RR. An RR is conducted on secondary studies, but the
authors do not justify their decision or whether this is due

to shortening the process. There is no quality assessment
of the studies.
Comments on the report.

• It does not indicate in the title that it is an RR,
but the RR is conducted and reported as part of
the related work.

• It is not explained how the extraction was done.
• They authors reported using thematic analysis but
do not indicate whether more information, e.g.
whether it was deductive or inductive or how they
identified themes.

• Although the results of the empirical study are dis-
cussed in the discussion and compared with the re-
sults of the RR, there is no fair discussion of the
limitations of the RR.

• The authors include supplementary material with
search string, selected studies and some of its char-
acteristics.

T. A Catalog of Object-Relational Mapping Code
Smells for Java [15]

The paper presents a catalog of Object-Relational
Mapping Code Smells for Java extracted from the state
of research and practice, through a combination of an
RR and a grey literature review. To evaluate the catalog
the authors conducted an opinion survey with software
developers.
RR shortcuts. A single search engine (Scopus) was

used. The Grey literature review (GLR) implied search-
ing with Google, limiting it to the first 50 results accord-
ing to the page ranking. The other stages of the pro-
cess were done jointly for both reviews. Sources that did
not have a minimum quality standard (sources without
sufficient detail or with unclear explanations) were ex-
cluded. The authors say that this standard could not be
established a priori for the GLR given the nature of the
material to be surveyed (no information is given about
this for the RR). No number or roles of reviewers are
indicated. The results are presented in an evidence brief-
ing, although it seems that the opinion survey included
more detail of the catalog for validation (including code
examples). There is no quality assessment of the studies.
Comments on the report.

• The title does not include RR but the title seems
appropriate since it includes a catalog constructed
from the results of the RR.

• The abstract is not structured but contains ade-
quate information.

• The authors conduct the stages of the RR and the
GLR from the selection stage together.

• Provided as supplementary material: intermediate
and final results of searches and selection. Evidence
briefing with the results.

• No number or roles of reviewers are indicated.
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• Although there is a subsection titled “Synthesis
procedure”, few information is reported about that.
It is only reported that some studies explicitly
mention problems and in other cases they inferred
them.Not including roles or activities conducted.

• The results include a catalog of code smells and
a list of primary studies from which they were
inferred. In addition to the description of each
code smell, notes and additional information are
included that seem to be taken from primary stud-
ies.

• A validation of the catalog using a survey of practi-
tioners is included. There is no general discussion,
but the results are briefly positioned with respect
to related work and the limitations of the study are
reported.

Additional comments.

• The authors consider that RR is a problem-oriented
method unlike SRs. The authors stated: “The use
of RR has the main objective of providing evidence
to assist decision making regarding problems that
professionals usually have. Thus, RR is the best
fit in our context, since this research was initially
motivated by a problem in a real-world project.”

U. Software selection in large-scale software
engineering: A model and criteria based on

interactive rapid reviews [6]

The paper presents a model to support software de-
velopment organizations in selecting and evaluating soft-
ware components and tools. The model was developed in
collaboration with Ericsson AB practitioners using as a
basis, in addition to the practitioners’ experiences, the re-
sults of three RRs. Two of the RRs investigated software
tools (one related to CASE tools and the other related
to continuous deployment/Devops) and one investigated
methods of assessing the quality of tools. The model has
been validated through a focus group with practitioners
from Ericsson AB and by practical use also in that com-
pany.

RR shortcuts. The first RR was conducted by a sin-
gle reviewer, the search was done using a single search
engine (Scopus). Another author included studies result-
ing from complementary searches (no further detail on
this is added). It appears that the extraction and syn-
thesis involved developing a set of criteria to use in the
model (but no further information is provided). Scopus
was also used in the second and third RR, but the roles
or number of reviewers who participated are not detailed.
The results of the three RRs were presented to the prac-
titioners (it is not said how or by what means) to then
develop the model. Apparently no quality assessment
was carried out on the studies considered.

Comments on the report.

• In the first two RRs, some of the reviewers add pa-
pers from “complementary searches” without spec-
ifying more information.

• The first RR is described more completely. The
others do not indicate who the reviewers were or
their roles, or methods of synthesis.

• The results of the RRs were incorporated into the
model that was being developed. Results of the
RRs as such are not reported.

• The results of the RRs are not discussed either.
Nor are limitations of the RRs and their process
included.

V. An evidence-based roadmap for IoT software
systems engineering [19]

The paper presents an evidence-based roadmap for
Internet-of-Things (IoT) development to support devel-
opers in specifying, designing, and implementing IoT sys-
tems. The roadmap has seven facets and to prepare it, a
RR was conducted for each of the facets. To validate the
roadmap, an experimental study was carried out that in-
volved a project to create a software system for Oximeter
IoT for healthcare domain carried out by seven under-
graduate students as part of an assignment in the Soft-
ware Development course (2021).
RR shortcuts. A metaprocol was developed for all

RRs. A single search engine (Scopus) was used, com-
plemented by snowballing. The selection and extraction
stages were carried out by a single reviewer (different for
each RR), the coding of the results and the synthesis
were carried out jointly between two reviewers in meet-
ings. Upon completing the RR of a facet of the roadmap,
the results were reviewed and the results of the previous
RRs were adjusted. No quality assessment of the studies
was conducted.
Comments on the report.

• The title does not include the term RR but they
create a roadmap based on the results of the RRs.

• An extensive technical report (147 pages) with the
RR report is included as supplementary material.
It has a meta protocol and then the RR of each
facet of the roadmap is explained. For each of the
RRs, their results were reported using an evidence
briefing. These reports are quite detailed.

• They also provide much more supplementary ma-
terial on building the roadmap and studying obser-
vations.

• PICOC was used to build the search string.
• In the supplementary material there are conclu-
sions (as a discussion of the results) of each RR. But
limitations of the process or the evidence are not
included. The paper includes analysis of threats to
the validity of the roadmap and the observational
study. Limitations of the RR process and evidence
are included.
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W. Experiences from conducting rapid reviews in
collaboration with practitioners — Two industrial

cases [28]

In this paper the authors analyzed the artifacts of the
RR reported in [31] and one of the RRs reported in [6].
They also conducted interviews with the reviewers, aim-
ing to gain a better understanding of how RRs were con-
ducted. Specifically, they sought to evaluate the appli-
cation of recent guidelines for conducting RRs in collab-
oration with practitioners, as well as to comprehend the
benefits and challenges associated with RRs.

RR shortcuts. They are those described in the stud-
ies considered already reported before.

Comments on the report.

• Some information from the analyzed RRs is added:
e.g. background of reviewers or other issues that
may not be required by SEGRESS. For example,
how the RR questions were selected together with
the practitioners, since the study seeks to analyze
the collaborative process used to conduct the RRs.

IV. STUDIES EXCLUDED IN LATE STAGES OF
THE ANALYSIS

Here we discuss studies excluded in late stages of the
analysis and the rationale for the decision.

In [13], the authors present a catalog and taxonomy
of code smells prepared from a search in the literature.
They do not reported the study as an RR and declare
“The literature review was, to a large extent, inspired
by the methodology behind rapid reviews”. They did
56 searches (including both white and grey literature)
for different code smells and then classify and analyze
what they find to create a catalog and taxonomy. After
searching they read the results to consider which existing

taxonomy is the most referenced, to find out if there is
a source that aggregates all the code smells and to in-
vestigate how the code smells are discussed. These are
some of their research questions and although some find-
ings are discussed, it is not clear that the searches they
conducted should be considered as RRs. The authors
only report information on the search stage, they do not
declare having considered protocols or conducted other
stages of RR process.

The studies presented in [20] and [2] (the latter is a
technical report) are preliminary intermediate works of
[19] and [18], respectively. Therefore we considered in
our analysis only these last two.

V. LIMITATIONS

Our review is subject to certain limitations. The
selection, extraction, and classification of publications
were conducted by a single researcher (Pizard), poten-
tially introducing bias into the results of these activities.
To address this concern, we implemented two measures.
Firstly, Pizard validated the selection, extraction, and
classification results some days after their completion.
Additionally, after the elaboration of this report, he con-
ducted a further verification of the results against the
identified publications. Secondly, alongside this report,
we have made the spreadsheet containing information on
the selection, extraction, and classification of the articles
publicly available.

It is important to note that our results exclusively en-
compass publications that reference the seminal works on
RRs in SE authored by Cartaxo et al. We have not con-
sidered potential papers that address RRs but directly
cite works or guidelines from the health field, where RRs
as a method originated.
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Evidence-based Software Engineering Revisited:
Evaluation of a Practice-driven Application

Sebastián Pizard, Diego Vallespir, Barbara Kitchenham, Member, IEEE

Abstract—Context: Systematic reviews (SRs) are the main
method for supporting evidence-based software engineering
(EBSE). However, although SRs have been widely adopted by SE
researchers, so far, there have been no studies assessing the value
of the broader EBSE framework. Objective: To evaluate an EBSE
application in an industry environment. Method: Using the partic-
ipant observation method, we conducted an EBSE-based project
to address an industry problem. This includes collaborating with
practitioners to diagnose the problem, collect evidence through
a rapid review (RR), and transfer the results to the company.
Results: The practitioners utilized some recommendations that
addressed their problems. The biggest barriers we encountered
were the difficulty in finding relevant evidence, the complexity
of applying evidence, and the lack of guidelines or examples
of EBSE use. Factors that supported our project were: close
collaboration with the company and its commitment to process
improvement, appropriate dissemination of the results, using
an RR, and participation of external researchers. Conclusions:
Currently, the use of EBSE is challenging and requires both
professional and research skills. While it is a valuable instrument
for researchers to enhance collaboration with industry, it may
not be as suitable for general use by practitioners, as initially
hoped.

Index Terms—Evidence-based software engineering, Evidence-
based practice, Rapid review, Participant observation, Industry-
academia collaboration, Knowledge transfer.

I. INTRODUCTION

EVIDENCE-BASED software engineering (EBSE) aims
to improve decision-making related to software develop-

ment and maintenance by integrating the best current evidence
of research with practical experience and human values [1].
Systematic reviews (SRs1) are a key component of EBSE as
they provide a rigorous and transparent approach to searching
and synthesizing the existing research evidence on a particular
topic or research question. Since EBSE introduction in 2004,
SRs have been widely adopted by SE researchers, allowing
them to synthesize research on many software engineering
(SE) topics. To illustrate, Kamei et al. identified 446 SRs
published only in the top SE journals and conferences pre-
2019 [2].

Although SRs support EBSE, they are not synonymous [3].
EBSE goes beyond the search and synthesis of evidence to
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1In this study, we use the term SR to refer to any form of systematic review,
this includes, e.g., mappings studies (MS) and rapid reviews (RR).

also include (1) converting practical problems into questions
that can be answered with evidence, (2) applying evidence
obtained from SRs by considering the context, preferences,
and expertise of stakeholders, and (3) evaluating the use of
evidence and the performance of the process.

Several authors acknowledged the lack of EBSE adoption
by industry [4]–[8], with some of them highlighting that it may
be because SRs do not address practice-relevant problems [4],
[9] or lack of useful recommendations for practitioners [8].
In addition, very few SRs involve non-academic stakeholders,
without whom, additional EBSE activities are unlikely to be
needed. For example, among the 169 SRs published in 2011,
2014, and 2018 identified by Kamei et al. [2], we found only
three SRs that were produced jointly with industry [10]–[12]
(refer to Section III). In addition, some practice-driven SRs
studied practical problems, presented evidence to practitioners,
and evaluated the benefits of its use (e.g., [13]–[15]). However,
none of them evaluated the overall application of EBSE and
studied what challenges arise when using the approach. As
researchers and educators, this lack of practical examples of
EBSE use and evaluation raises questions about the purpose
of EBSE, and whether we should simply remain focused on
academic use of SRs.

In this study, we present an evaluation of an EBSE applica-
tion in an industrial environment conducted to investigate the
question:

• RQ: What issues, barriers, and facilitators arise when
using EBSE in an industry setting?

Our study focused on investigating challenges or issues that
may arise when implementing EBSE in an industry setting,
and any factors that facilitated its application. Specifically,
we conducted an EBSE-based project to address an industry
problem in a software company. This included collaborating
with the practitioners to diagnose the problems, collecting
evidence through a Rapid Review2 (RR), and transferring
knowledge to the company. We studied in depth the process
of applying EBSE using the participant observation method
and by collecting and analyzing a large qualitative data set
comprising meeting audio recordings, correspondence, and
personal notes. Finally, we compared our results with the early
concerns identified by the researchers who proposed EBSE
twenty years ago.

The remainder of this paper is structured as follows. In
Section II we outline the original EBSE proposal and early

2“A rapid review is a form of knowledge synthesis that accelerates the
process of conducting a traditional systematic review through streamlining or
omitting various methods to produce evidence for stakeholders in a resource-
efficient manner” [16].



2

concerns. Section III includes a brief analysis of the extent
to which SRs are being used to support EBSE applications.
Section IV presents the design and context of our research.
In Section V, we present details of our EBSE application and
the results (i.e., issues, barriers, and facilitators). A discussion
of the results and their significance and the limitations of the
study is included in Section VI. Finally, we present our final
remarks in Section VII.

II. EBSE PROPOSAL AND EARLY CONCERNS

In 2004, Kitchenham et al. proposed five steps that are
needed to practice EBSE [1]. SRs, the core tool of the
evidence-based approach, usually support steps 1-4 steps of
the process.

1) Convert a relevant problem into an answerable question.
2) Find the best evidence3 with which to answer the

question.
3) Critically appraising the evidence for its validity (close-

ness to the truth), impact (size of the effect), and
applicability (how useful it is likely to be).

4) Integrate the critical appraisal with SE expertise and
stakeholders’ values and circumstances.

5) Evaluate the effectiveness and efficiency of the previous
steps and seek ways to improve them.

The proposal was based on the steps used successfully
in Evidence-based Medicine (EBM). Despite the apparent
similarity between the high-level process steps of EBM and
EBSE, the authors reflected, this would not be a guarantee that
the scientific, technological, and organizational mechanisms
that support EBM will apply to EBSE. Thus, the authors
subsequently examined in the rest of their paper the problems
or challenges that researchers would face when applying
EBSE. In 2005, when EBSE was introduced to practitioners by
Dybå et al [17], the authors also reflected on the challenges
that practitioners might face when using EBSE. Below we
present a summary of the concerns identified in both studies4.

A. Step 1: Ask an answerable question

Specificity of questions & Small body of evidence. The
challenge in this step is to translate the practical problem into
a question that is specific enough for its answer to contribute
to the solution of the problem and broad enough to obtain
answers from the available scientific literature. More specific
questions are clearer and are a means to achieve more relevant
results for the problem to be addressed in its specific context.
In SE, less stringent questioning may be necessary [17] due
to the smaller and more diverse body of empirical research
compared to other disciplines such as healthcare. In health-
care, studies often feature controlled experiments with clear
treatments and control groups, which are less common in SE.

3There is a certain ambiguity in using “best evidence” in this context.
Because if we already found the best evidence in Step 2, there is no point
in appraising it critically in Step 3. A sensible meaning of “best” in Step 2
would be evidence that best matches the EBSE question defined in Step 1.

4This summary is the result of analyzing the original texts using thematic
analysis [18] to identify the main issues, challenges, and facilitators presented
by the authors. The analysis and the results were validated by Kitchenham,
one of the authors of both papers.

This diversity and lack of structure mean that SE practitioners
may struggle to find answers to highly specific questions.

B. Step 2: Find the best evidence

Difficulty finding evidence. The body of evidence is
fragmented with little attempt either to summarize topics or
to integrate evidence. Both articles highlighted the lack of
infrastructure to support the search for evidence. At the time,
EBM already had specialist digital indexing systems, such as
Medine, and the Cochrane Collaboration (www.cochrane.org)
which published and updated SRs from all major areas of
healthcare online. In SE, there were some online databases
(e.g. IEEExplore and ACM-DL) that cataloged scientific arti-
cles, but none dedicated to the search for evidence.

Lack or inadequacy of evidence. Kitchenham et al. [1]
criticized SE empirical research as immature. SE research-
based studies usually did not acknowledge the problem of
individual skill differences when comparing SE techniques.
They also suggested that the lack of standards for empirical
studies and the lack of replications were reasons that existing
evidence was often unreliable. Dybå et al. also pointed out the
need to report research results in a manner more accessible to
practitioners [17]. Finally, both studies called for encouraging
the gathering of evidence from studies of industry projects
(e.g., using field experiments).

C. Step 3: Critically appraise the evidence

Difficulty assessing study quality. In the context of lack
of standards for empirical research, the quality of published
papers is likely to be poor. However, the same context means
that critical appraisal is really difficult for practitioners (and
often also for researchers) [17].

Need for contextual information. Dybå et al. highlighted
the need to have detailed information on the context in which
empirical studies are carried out, in order to be able to better
evaluate them and decide how to integrate the evidence they
present. (Contextual information is also required for EBSE
Step 4.)

D. Step 4: Apply the evidence

Process Improvement Commitment. Both studies sug-
gested that EBSE would work well in an organization with
a strong commitment to process improvement (something
strongly promoted at that time) [1].

Complexity of applying evidence & Collaboration be-
tween practitioners and researchers. Although there are
certain decisions that can be made by individual practitioners,
the decision-making process in SE usually considers organi-
zational aspects, the experience, and skills of developers, cus-
tomer requirements, and project constraints, among others. For
this reason, the authors reflected that the process of applying
evidence would be demanding, especially for practitioners,
for which Dybå et al. recommend approaching experts or
collaborating directly with researchers [17].
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E. Step 5: Evaluate performance

This step seeks both to reflect on the use of EBSE as well
as to confirm that the changes introduced had the expected
results [17].

Difficulty isolating effects. According to Kitchenham et
al. [1], it is generally difficult to evaluate the performance
of a particular SE technique since our concern is not usually
the specific task to which the technique is applied but the
final outcome of the project of which the task is a part. The
authors argued that it is difficult to isolate the impact of a
technique because (1) the techniques used interact with many
others during the software development process and (2) the
immediate outputs of a technique will not necessarily have a
strong relationship with the outputs observed at the end of the
project.

Early evaluations & Postmortem analysis. From the
software process improvement viewpoint, Dybå et al. also
stated that given the need to adapt and learn from the rapid
changes in the software development process, we should not
conduct evaluations only at the end of the project [17]. So they
proposed that in addition to holding postmortem meetings,
after-action reviews should also be held (i.e., brief meetings
to evaluate a change while it is being carried out).

F. General aspects

A general barrier to adopting EBSE is the attitude of stake-
holders to SE evidence, Research evidence ignored. Kitchen-
ham et al. suggested that research results were depreciated
by practitioners and other stakeholders because researchers
address issues not relevant to industry and they present their
results in a manner inappropriate and unsuitable for decision-
makers5.

III. EXISTING PRACTICE-DRIVEN USE OF EBSE

Despite the several potential problems suggested by its
proponents, we are not aware of studies that directly assess
practice-driven applications of EBSE.

Ten years ago, in the only related study that we know of,
Santos and da Silva surveyed the authors of 44 SRs published
between 2004 and 2010 [9] to investigate the motivations for
their SRs. They did not ask if the secondary studies were
commissioned by non-academic stakeholders or carried out in
collaboration with industry, so we cannot confirm how many
SRs correspond to the practice-driven use of EBSE. However,
their results suggest a lack of connection between SRs and
practice. Most researchers wanted to learn more about a topic
or to support their own research. A quarter of the authors
indicated that their SRs sought practical solutions that could
be used in industry, although it was unclear whether they had
confirmed the value of their results with practitioners.

It is fair to say that the SE community has tried to promote
the use of SRs results. The Voice of Evidence (VoE) column
appeared for a decade in the IEEE Software magazine (2007-
2017) intending to extract practical lessons from SE articles
(most of them SRs) to share with practitioners. According to

5Kitchenham et al. originally discussed this issue in the context of Step 5.

its editors, the main challenge was to effectively translate the
articles (most of them SRs) into takeaways that connect with
practitioners’ concerns [19]. Another currently active initiative
is the EDOS Center newsletter6 which outlines research results
for Norwegian agencies. There are no impact assessments of
either of the two initiatives (only a citation analysis of the VoE
column [19]).

In summary, very little is known about the impact of SE
SRs on practice, and the last study on SR author motivations
was conducted more than eleven years ago. Motivated by this
we decided to do a brief investigation to assess the extent to
which SR are being used to support EBSE.

Before our investigation, we knew of only five studies whose
authors indicate practice-driven uses of EBSE, all of which
were supported by some form of SR [13]–[15], [20], [21]. To
understand the extent of practice-driven use of EBSE better,
we analyzed a sample of SRs in SE to identify whether they
report any industry involvement (as a proxy for all practice-
driven use of EBSE). We took as a basis the tertiary review
reported by Kamei et al. (the most recent tertiary review
sharing its SRs list) [2]. In this study, the authors analyzed
446 SRs published up to 2018 in venues with a minimum h5-
index (20 for conferences and 25 for journals). We selected
and analyzed the motivation and use of the results of all
169 listed SRs published in 2011, 2014, and 2018 (38% of
the total). These SRs provide information about more recent
SRs than those investigated by Santos and da Silva and allow
us to investigate whether there are any clear changes in the
motivation for conducting SRs over the period.

We classified the studies using the following categories:

• Search for knowledge. These SRs seek to gain knowl-
edge of a particular field, although some indicate it
explicitly and others do not (but neither do they report any
other use or motivation). An example is an SR carried out
to understand the state of the art of SE in startups [22].

• SRs are complemented by other evidence. SRs in this
category are also conducted to gain knowledge, but the
results are complemented or validated by conducting an-
other study (e.g., surveys). In one such study, the authors
conducted an SR to learn more about the terminology
used in global SE (GSE) [23]. Subsequently, the results
were complemented by a study with experts to create a
GSE taxonomy.

• Investigations of the EBSE process. In these studies, the
SR process is investigated and improved. In one of them,
the authors investigated the repeatability of the SRs [24].
For that, they trained novice researchers to conduct an
SR. Subsequently, their results were compared with those
obtained in a same-purpose SR previously published.

• Practice-driven SRs. In these studies, the authors engage
with companies or other non-academic stakeholders who
defined the SRs’ purposes or intended to use their results.
In one such study, researchers were asked, during a joint
industry-academia project, to build a tool to measure

6Effective Digitalization of the Public Sector (EDOS) is part of Simula
Metropolitan Center for Digital Engineering. Its newsletter is available at
https://enedos.substack.com/
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TABLE I
SUMMARY OF THE CHARACTERISTICS OF THE PRACTICE-DRIVEN SRS FOUND.

Study [10] [20] [13] [11] [12] [21] [14] [15]

Type* SR SR RR MS MS SR RR RR
Publication year 2011 2013 2018 2018 2018 2022 2022 2023

Nature of Stakeholders Engagement

Close collaboration reported x x x
Part of broader collaborative projects x x x x x

Use of Results

Results presented to company x x x x x
Results used by company x x
Used in subsequent collaboration x x x

Feedback from Stakeholders

Stakeholders feedback given x x x x x
Positive use perception of evidence x x x x x x x x
Considered role of SR in decision making x
Not directly relevant to users x x
Feedback used to improve SR x x x
* SR refers to systematic reviews, MS to mapping studies, and RR to rapid reviews. As defined by the authors.

Fig. 1. Reported use of SRs selected from Kamei et al. [2].

socio-technical congruence [12]. They began their work
by conducting an SR to learn more about the topic.

The results of this survey are shown in Figure 1. They
confirm the lack of studies on the practice-driven use of EBSE.
Only 3 of the 169 studies published in 2011, 2014 & 2018
reported SRs with practice-driven use (or motivation), all of
which involved active collaborations with the industry.

In summary, we are aware of eight studies of practice-
driven use of EBSE (five we knew beforehand and three that
we obtained in our survey). The characteristics of those eight
studies are shown in Table I.

It is also worth mentioning that: in [20] the stakeholders’
requirements were surveyed through a case study, [13] in-
cludes the report of practitioners’ perception of using RRs as

a decision-making support method, [15] reports three RRs, all
related to the development of a software selection model. Two
investigated the selection of software tools (i.e., CASE tools
and tools for continuous deployment/Devops, respectively),
and one investigated methods of assessing the quality of tools.

Table I reveals four points of interest.

• All the studies reported collaborations with practition-
ers from individual companies (which helps SRs to be
well-focused on stakeholders’ requirements). None were
commissioned by other stakeholders such as government
agencies, professional bodies, or industry associations.

• Five of the eight studies reported that the companies made
use of the SR results, although, in three of those cases,
the results were used as part of a wider collaboration.

• RRs seem to be positioned as a method of special interest
for the practice-driven use of EBSE.

• In all cases the feedback from the practitioners was
positive. However, in two cases the results of the SR were
not directly applicable.

This analysis has several limitations. It considers only
published SRs (we have not deliberately searched for industry
white papers). The SRs were classified only by the first author,
and it shares the limitations of the study by Kamei et al.
concerning the assembly of the list of SRs [2].

Our brief research confirms that there are few published
practice-driven SRs. Although seven of the eight studies we
found reported making use of the results of the SR, only
one reported the practitioners’ perceptions of using RRs as a
decision-making support method. If we want EBSE to help
bridge the gap between industry and academia, we should
foster its use to improve practice. Still, we cannot recommend
the adoption of EBSE if we have little evidence of its efficacy.
Therefore, this indicates that our current study addresses a
research gap by evaluating a practice-driven application of
EBSE, identifying the naturally emerging issues, barriers, and
facilitators.
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IV. STUDY DESIGN

Our trial of EBSE focused on assisting a small software
company to address difficulties with its Knowledge Manage-
ment (KM) processes.

The project team consisted of two students and one re-
searcher (the first author) and the project was part of the
students’ capstone project. Students were trained on EBSE
and worked to retrieve and synthesize evidence to help the
company tackle its KM problems. The students carried out
the project with close supervision, suggestions, and validations
from the first author.

Our research method was participant observation. Partici-
pant observation is the process in which the observer remains
in a social situation for the purpose of scientific research [25].
It has the “unique strength of describing complex aspects
of cognition, social interaction, and culture over time” [26],
which we believe is essential to study a complex issue such
as the practice-driven use of EBSE.

Although we expected both to provide information the
company could use to improve its SE process, and to observe
the introduction and results of the process changes, our goal
was not to introduce process changes, but to study the EBSE
process (including the actions of the EBSE project team and
the company staff). Our research goal meant we needed to
maintain a neutral stance concerning the project’s outcome.
Crucial in this regard was acknowledging that participant
observation studies demand researchers to be aware of, and
control for, the risk of experimenter bias during when planning
and conducting their study.

In our study, the first author immersed himself in an EBSE
application setting to conduct the research. His role had two
purposes: he led the EBSE-based project team, aiming to sup-
port a software development company while simultaneously
observing the activities, people, artifacts, and interactions
during the project. This approach enabled him to experience
the practice-oriented use of EBSE firsthand, gaining profound
insights into its complexities and nuances.

To minimize experimenter bias, the following steps were
taken: (1) Data related to different activities were collected
throughout the project from multiple sources. (2) Analysis
of the data was validated at different stages by different
researchers. Additionally, it should be noted that one of the co-
authors, who held a positive bias towards EBSE, contributed
solely to the post-trial discussions and presentation of results.

We used a rigorous pre-planned analysis process and sys-
tematically tracked all data to improve reliability (e.g., to avoid
misinterpretation of the data) [27]. We used the O’Brien et
al. checklist for reporting qualitative research to enhance re-
porting clarity and completeness [28]. We also considered the
eight criteria for the quality of qualitative research proposed by
Tracy [29], i.e., worthy topic, rich rigor, sincerity, credibility,
resonance, significant contribution, ethics, and meaningful
coherence. Our study addressed these criteria by detailing
the context and procedures, combining diverse sources and
reflections, being transparent and self-reflective, and aiming to
make a valuable and coherent contribution to the field while
adhering to ethical guidelines.

A. Research Program

The EBSE-based project that we conducted in collaboration
with the software company served as the foundation for two
interconnected yet distinct empirical studies. The first study,
i.e., [30], entailed an external replication of the initial study
proposing the use of RR in SE [13], [Note for reviewers:
The paper reporting this study is currently under review,
and we include it as supplementary material. It includes
detailed information on the RR conducted and feedback from
practitioners.] The second study is the one reported in this
paper.

TABLE II
COMPARISON OF STEPS OF EBSE & ACTION RESEARCH

EBSE Steps Action Research

1. Converting the need for information into an an-
swerable question.

1. Diagnosis

2. Finding the best evidence with which to answer
that question.

2. Planning

3. Intervention
3. Appraising evidence validity, impact, and applica-
bility.

4. Integrating the appraised evidence with expertise
and stakeholders’ values and circumstances.

5. Evaluating effectiveness and efficiency in
executing previous steps and seeking ways to
improve.

4. Evaluation

5. Reflection

In the context of first study, we employed Action Research,
replicating the same research method as in the original study.
The action taken was the conduct of an RR to provide evidence
to practitioners aimed at addressing their problems. However,
from the company’s perspective, their involvement was in an
EBSE project (i.e., an application of all EBSE steps). We can
define EBSE as a form of action research, where the goal is
to adopt evidence-based actions to address a problem (refer
to Table II for comparison of the steps of both). Given this
comparison, it is reasonable to consider EBSE as a specific
type of Action Research. This perspective enables us to utilize
the Participant Observation method to evaluate the project as
an example of EBSE.

It is noteworthy to mention that it was necessary to reconcile
the application of both methods. According to its definitions,
Participant Observation seeks to understand the phenomenon
being studied, while Action Research focuses on creating posi-
tive change. In our case, we aimed to assist the company while
also conducting a fair evaluation of the EBSE application. To
reconcile these objectives, we strived to maintain a neutral
perspective and focused our project on applying EBSE steps
as they are defined. This involved explaining in advance to
practitioners that our objective, in addition to trying to assist
them, was to evaluate EBSE, and that we would base our
suggestions for process improvements on scientific evidence
collected through an RR. We also clarified to participants
several times that both their positive and negative feedback
was valuable. Finally, we analyzed and recorded any need for
deviation from these objectives, e.g., including clarifications
to the evidence obtained.
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B. Research Context

Here we describe certain aspects of the research context.
Project team: The team consisted of the first author and

two undergraduate students about to finish their computer
science degrees. The first author has ten years of industry
experience as a technical lead and software quality manager
and twelve years as a member of the university. This study
is part of his doctoral research that focuses on investigating
EBSE adoption. Participating in the project was part of the
students’ capstone project. Also, both of them had full-time
jobs related to software development. In particular, one of them
was also part of the company’s development team, and was so
during the first half of the project. Both of them were trained
in the planning and conduct of SRs. The training was led by
the first author and based on an EBSE and SRs course he
teaches [31], [32]. Finally, although Vallespir was not directly
part of the team, Pizard consulted him regarding the team’s
decisions throughout the process.

Selection of Research Topic & Company: The EBSE team
was the one that initiated the contact with the company and
proposed the research project. Previously, we discussed which
companies and organizations had a strong relationship with
us and subsequently, we identified a research topic that was
relevant to them. We chose our research topic to be about
common problems present in the industry but not critical
issues. In this way, practitioners could work together with
our EBSE team without revealing sensitive information and
with no expectation of dealing with emergencies or serious
project problems. In addition, we sought a problem that did
not have an a priori well-known solution in the software
industry, but a solution to which would have a positive impact
on the organization with which we worked. Finally, we verified
that there were studies on the topic, carried out in non-
academic contexts, that reported observations, lessons learned,
or recommendations.

Given the characteristics of EBSE and the inexperience of
the project members, we believe that the pre-selection of a
topic area mitigated many risks related to knowledge of the
domain, the stakeholders’ expectations, and the existence of
evidence on the topic.

In particular, we defined knowledge management (KM) as
the research topic. It is a topic for which there are non-critical
but important problems in the industry, especially in software
development using agile methodologies (see, e.g., [33], [34]).

The company: The company was a UK company special-
izing in digital out-of-home (DOOH) advertising7. The com-
pany’s IT department, located in Uruguay, was responsible for
developing and maintaining a platform to manage advertising
campaigns.

The requesters: The company’s technical product leader
and the project manager accompanied all the stages of the
EBSE project, from the diagnosis of the problems to the
dissemination of evidence. They answered questions, carried

7Digital out-of-home advertising (DOOH) is advertising designed to reach
consumers when they are not at home and that is also dynamically and
digitally displayed. This includes digital transit, digital billboards, and digital
place-based displays.

out intermediate validations, and received the collected ev-
idence. For the purposes of this study, we have considered
them as EBSE requesters. Their educational level was Inter-
mediate8 (one with upper secondary education and the other
one with post-secondary non-tertiary education). As sources
of information for supporting practice they usually talked
to colleagues, read technology forums or blog articles, and
watched technology videos (e.g., from the Microsoft Youtube
channel). Neither of them consulted scientific literature.

C. Research Activities

The purpose of the project was to provide support to the
company to improve its KM practices. We agreed with the
company that our work would involve using EBSE, so we
went through the five steps of the process. Figure 2 shows
the main activities carried out (which will later be detailed in
Section V).

The goal of our study to was to investigate the use of
the EBSE framework. As a means of assessing the value of
EBSE framework, we intended to identify potential barriers
and facilitators to EBSE use that reflected the viewpoints of
both the EBSE team members and the company staff members.
We wanted the factors we identified both to be verifiable and
to arise naturally as part of the EBSE project. To achieve our
goals, we collected and recorded data throughout the EBSE
project including final feedback. Data was obtained from a
variety of sources: Audio recordings of all team meetings
(including the final retrospective meeting) and meetings with
the company, all emails and messaging app communications,
a researcher’s personal diary kept by the first author), and all
EBSE project documents (including students’ capstone project
report, reports for requesters, and other artifacts).

We used a qualitative data analysis process with the fol-
lowing stages. First, the first author performed the initial data
analysis using a method that was strongly based on thematic
analysis with a realistic approach [18]. The second and third
authors reviewed the results and suggested issues to review,
reflect on, or expand on. Subsequently, the first author did
a second analysis interpreting comparatively the results with
the early concerns identified by the researchers who proposed
EBSE twenty years ago. Finally, this analysis was revised and
expanded by all the authors.

D. Ethical Issues

Although our university did not require our study to be
approved by an ethics committee, we took care to consider
possible negative impacts of the study on the participants. As
recommended [35], we ensured that participation in the project
was voluntary and the research process was transparent to all
participants. Company members and students were informed
of the characteristics of the research prior to giving their
consent to participate.

There were two other major considerations. Firstly, ensuring
that the students’ education experience was not adversely

8According to UNESCO’s ISCED 2011 classification.
https://ilostat.ilo.org/resources/concepts-and-definitions/classification-
education/
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Fig. 2. Project stages.

impacted by the study: (1) Students should not be required
to undertake tasks beyond their capabilities. This concern was
addressed by appropriate training and supervision. (2) Students
should not feel obligated to express support for the EBSE
framework. The students were assured that the outcome of
the study in terms of whether or not it was favorable to the
use of EBSE would not impact their capstone project marks.
Secondly, ensuring that the interests of the company are not
adversely affected by the study: (1) The company would re-
ceive the best scientific information to help them address their
process issues. This was assured by the personal experience
and supervisory role of the first author. (2) Commercially or
personally sensitive information would be kept confidential or
anonymous as appropriate. Specifically, only the company and
roles are identified, and specific comments are not attributed
to specific individuals.

V. EBSE APPLICATION AND RESULTS

Below we present for each EBSE step the central charac-
teristics of our application and the response to RQ, that is,
the main issues (indicated with [·]), barriers (indicated with
[–]), and facilitators (indicated with [+]) that arose during the
process. As a complement to this section, the paper reporting
the RR conduct includes information regarding the RR conduct
and feedback from practitioners on the results of the RR,
including representative quotes [30].

A. Step 1. Ask an answerable question

In this step, the team met with members of the company
to understand their context and the problems they had in
the KM area. We defined the following research question:
What are some empirically validated recommendations for
knowledge management for software development companies?
As a validation activity, we prepared a summary of the context
of the company and its KM problems which we shared with
the requesters (refer to Table III).

[·] Considering requesters’ needs. The requesters had no
knowledge of SE research or EBSE, so we started the kickoff
meeting by introducing both topics. We talked and agreed on
the expectations about the results of the project. In addition,
we found that the company had a continuous improvement
process that involved identifying small improvements that
were introduced in future sprints. Specifically, they told us
that the results of our project were going to be incorporated
into that improvement process. Thus, we understood that
they preferred a set of small self-standing recommendations
rather than a single major process change. This restriction had

consequences in the subsequent stages (i.e., in the selection of
primary studies, and in how we elaborated recommendations
based on the evidence).

[·/-] Specificity of questions & Small body of evidence.
Given the difficulty in finding evidence when testing specific
questions in preliminary searches, we decided to use a rather
broad question. Additional aspects (i.e., limiting the context
of primary studies to small or midsize companies using agile
methods, or accepting specific recommendations and not pro-
posed frameworks or models) were considered in subsequent
steps of EBSE, e.g., using them as criteria for prioritizing
process changes.

[+] Strong link with company. The fact that one of the
students was part of the company facilitated their willingness
to work with us and also helped us better understand their
problems.

TABLE III
SUMMARY OF CONTEXT AND PROBLEMS RELATED TO KM.

The company is a spin-off of a UK advertising agency specializing
in digital out-of-home (DOOH) and is responsible for managing the
entire life cycle of a platform consisting of four products. The staff are
geographically distributed, with the CEO and four account executives
located outside of Uruguay, and the software development team based in
Montevideo.
The team follows Scrum methodology with two-week sprints, daily stand-
up meetings, and regular demos and retrospectives with stakeholders.
They use various online tools for KM, including GitHub for code storage,
Lucidcharts for architecture diagrams and planning, Visual Studio Online
(VSO) wiki for test cases, VSO board for backlog management, Trello
boards for tracking tasks, and Google Docs for architecture records and
spreadsheets.
However, they face several challenges with KM. They struggle with
finding the right documents, as there are duplicates or similar documents
with different media and dates. Keeping the documentation up-to-date
and eliminating unnecessary or outdated documents is also a challenge.
The lack of standard definitions for document types creates confusion,
with each person generally deciding what type of documentation to
create.
The company is concerned about knowledge centralization in specific
roles, particularly in the QA and DevOps manager positions, where there
is only one team member for each role. This poses a risk in terms of
knowledge sharing and continuity if these individuals are unavailable or
leave the company.

B. Step 2. Find the best evidence

The question defined above was answered using a rapid
review (RR). Its main characteristics are summarized in Ta-
ble IV, following the proposal of Cartaxo et al. [6]. Before
starting, we checked that there were no SRs on KM in agile
methodologies that were able to answer the research question.
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TABLE IV
MOST RELEVANT CHARACTERISTICS OF THE RAPID REVIEW CONDUCTED AS PART OF THE EBSE APPLICATION.

Problem To find practical and applicable recommendations on KM for the company. The context of the studies should be similar to that of
the company and the recommendations must have been empirically validated.

Research Question What are some empirically validated recommendations for KM for software development companies?
Protocol It was written during the first weeks of the RR. We did initial searches to validate the existence of evidence.
Stakeholders’ roles The requesters met with us during the diagnosis and validated the document that summarized its context and the problems to be

addressed. They met with us to validate the evidence we found in the early stages of RR. Together with other software development
team members, they participated in the results dissemination workshop.

Time Frame The RR was done in three and a half months and the total time spent by team members was ∼150hs, including team meetings
and knowledge dissemination transfer activities with practitioners.

Search Strategy Keyword-based search in Scopus.
Selection Procedure We considered available studies in English, with practical recommendations, addressing issues of KM in software development

companies, and not presenting models or theoretical frameworks. Each reviewer assessed half of the candidate primary studies.
To validate an adequate level of agreement, they reviewed the first 30 candidate primary studies together, and the kappa statistic
was calculated (the value obtained was 0.618, which indicates a good level of agreement). Subsequently, the reviewers used two
rounds: (1) checking titles and abstracts and (2) reading the full text. From the 425 studies returned by Scopus, we identified 21
primary studies [36]–[56].

Evidence Appraisal We assessed the evidence’s relevance to practice by studying the context and methods used for its generation.
Extraction Procedure Each reviewer extracted data from half of the papers. Data extracted: Context of the study (agile, year of study, company), research

method (experimental validation), validation result, and recommendations.
Synthesis Procedure We used content analysis with an inductive approach (adapted from [57]). The stages carried out were: Translation into Spanish

of the original texts, labeling of the different types of recommendations using open coding, grouping, and categorization of the
fragments according to their codes (e.g., grouping similar or complementary codes), and, finally, creation of descriptions. As a tool
to facilitate the coding, we used the freeware tool Saturate9. Each reviewer synthesized half of the papers. In two meetings with
the first author, the results were reviewed and adjusted to obtain 21 recommendations for practice.

Report/Diffusion We prepared an evidence briefing with the results and conducted a workshop with the development team.

[-] Difficulty finding evidence & Lack or inadequacy
of evidence. In preliminary searches, we found that very
few studies had adequate evidence to address our problem.
The studies were difficult to find (so we had to test several
questions and adjust their specificity, as discussed in the previ-
ous step). Furthermore, they did not include recommendations
for practice suitable for our needs. To mitigate the latter
issue, and knowing that very few SE studies usually include
recommendations for practice [8], we decided to also consider
those that included lessons learned, reflections, or certain
observed behaviors. We analyzed those observations, as well
as the context, to develop practice-oriented recommendations.

[+] Using a rapid review. We opted to conduct a RR
because we had a low-resource setting. Students had a limited
time period to complete their capstone project and could only
allocate a limited effort each week. We also believed that
the results of a RR would be adequate to address the issues
identified. The RR method allowed us to work in an agile way
while maintaining scientific rigor.

[+] Validations with requesters. We also conducted two
validations with requesters to assess the evidence. They ap-
proved the sample evidence we presented to them. However,
they wanted to obtain recommendations from contexts similar
to their own. They also commented that some recommenda-
tions of the sample seemed useful to them but they did not
know how to put them into practice. This activity was useful
to validate the adequacy of the evidence found early in the
process.

C. Step 3. Critically appraise the evidence
We evaluated the evidence’s relevance to practice (i.e., ap-

plicability). This included understanding the context in which
the evidence was generated and the research methods used.
For example, for organizations that participated in a primary

study, we identified in which country they carried out their
activity and their size. In this way, we sought to provide more
information to requesters so that they could better evaluate the
evidence and select the one that best fits their context.

[–] Need for contextual information. Given the company
context was that of a small company using agile methods, we
did not need much detail about the research context of the
primary studies. Even so, not all studies presented the same
kind of information and some of them did not include enough
context details.

D. Step 4. Applying the evidence

Since the RR was conducted by the EBSE project team,
we needed a method of informing the company of the results
of our RR. In addition, unlike evidence-based medicine, we
were reporting a number of very different recommendations,
not reporting evidence that compared two well-defined process
options, so we also needed to help the company staff select
the most suitable recommendations.

Firstly, following Cartaxo et al.’s reporting suggestions [4],
we developed an evidence briefing to summarize the results
of our RR. We, then, conducted a workshop to discuss our
recommendations and to identify the specific process changes
that the company could adopt. In the workshop, we presented
the recommendations we derived from the evidence. Then, we
assisted the company staff to prioritize the recommendations
in terms of ease of implementation and potential benefits,
in a hands-on exercise. We also discussed which of the
recommendations the company could implement and how the
process changes could be introduced. The project manager
(one of the requesters) and three other members of the software
development team participated in the meeting.

[–] Complexity of applying evidence. The recommenda-
tions obtained in the RR were general principles not specific
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process changes. So, during the intermediate validations, the
requesters expressed concerns regarding the implementation of
these recommendations. Thus, although our EBSE application
sought to have a strong emphasis on scientific evidence, it was
necessary to include examples, suggestions, or clarifications
that emerged from our professional practice and knowledge of
the company. We did not add or remove any recommendations
from the original set.

[+] Process improvement commitment & Collaboration
between practitioners and researchers. Two factors facili-
tated the reception of the evidence. First, as the development
team was used to improving their process, it was relatively
easy for them to evaluate the evidence and consider how the
recommendations could be applied to their processes. Second,
the close collaboration between requesters and researchers
throughout the EBSE project helped to make the results
interesting to the development team, and the discussion served
to better examine the recommendations and consider strategies
to implement them.

[+] Appropriate dissemination. Based on the recommen-
dation of Cartaxo et al. to incorporate discussions of the
results as dissemination activities [13], we not only prepared
an evidence briefing with the RR findings, but also held a
workshop in which the attendees began to discuss ways of
implementing the recommendations, the required effort and
the potential benefits.

E. Step 5. Evaluate performance

In this step, we sought to address two issues: a) assessing
whether the process change had a successful outcome and
b) analyzing whether the team could have done a better job
applying EBSE. We investigated both issues as follows.

We collected requesters’ perceptions of the EBSE project
results and the challenges faced during its conduct in three
instances. First, we recorded (with prior approval) the work-
shop in audio to analyze the attendees’ initial attitudes. At
the end of the workshop, we circulated a questionnaire for
participants to express their opinions about the project and its
results. Finally, eight months later, we requested feedback on
the process changes from the requesters via email. In addition,
the EBSE team held a retrospective meeting to discuss and
reflect on the EBSE application and its results.

Evaluation of results. None of the workshop participants
suggested the recommendations were inappropriate. It is note-
worthy that all attendees demonstrated a clear understanding of
the recommendations and their potential implementation and
actively participated in the prioritization process. Following
the workshop, the company underwent significant changes,
including an acquisition, role restructuring, shifts in organiza-
tional hierarchy, and eventual closure. However, even amidst
these transformations, the requesters, in response to our email
requesting feedback, confirmed that they had utilized some
of the recommendations before the closure occurred. In the
workshop and the subsequent feedback requests, the only
negative comment regarding the EBSE process was related
to the time it took to complete the RR (more detail in two
paragraphs below).

Evaluation of the process. The main challenges we faced
were the lack of guidelines and examples for conducting RRs
for industry and the difficulty in finding appropriate evidence.
At that time, there was only one previous study by Cartaxo
et al. that applied RR in supporting SE practices [13]. Due
to the EBSE team’s lack of experience in conducting this
type of secondary study, there was a substantial risk of not
being able to provide evidence-based recommendations to
address KM issues effectively. To mitigate this, we worked
cautiously at each stage, conducting preliminary literature
searches and verifying the adequacy of retrieved studies for
the RR. Intermediate validations with the requesters were also
carried out to ensure the relevance of the evidence found. The
second challenge arose from the limited availability of studies
with appropriate evidence. Given the scarcity of SE studies
that offer practice recommendations, we decided to include
primary studies with lessons learned or empirically validated
observations.

[·] Considering requesters’ needs (Step 1). One of the
requesters would have preferred a shorter timeline. The limited
weekly availability of the students led to the research taking
three months to complete, which would have otherwise only
required about two weeks of full-time work. In addition, the
requesters had not emphasized EBSE project timescales, so we
underestimated the need for prompt results. This highlights
two key points: practitioners value quicker processes for
results, and all requesters’ needs are significant, not just those
regarding the specific problem at hand.

[+] Early evaluations & Postmortem analysis. Both the
retrospective meeting and the written feedback from requesters
were useful to better understand the performance of the EBSE
process and the company’s perceptions of the results.

F. General aspects

Three factors affected all aspects of the EBSE project.
[–] Inexperience & Lack of guidelines and examples of

using EBSE in the software industry. During our study,
Cartaxo et al’s research was the sole instance of employing
a RR to support SE practice [13]. Also, we could not find
detailed guidelines on how to apply each step of EBSE. Given
our limited experience in conducting RRs and applying EBSE,
we identified a substantial risk of being unable to develop
scientifically-backed recommendations that effectively assist
requesters in addressing their KM issues. To mitigate this, we
carefully validated each EBSE activity. However, this caution
resulted in extending the EBSE project timescales.

[–] Complexity when working with an industry partner.
Collaborations between industry and academia usually face
challenges, and our study was no exception. The most notable
challenge was that we were unable to finish conducting EBSE
final step, because of the changes that the company underwent.
In addition, one of the requesters, the technical leader, was
unable to attend the workshop (subsequently, the results were
sent to him), and on a few occasions, the requesters’ responses
to our inquiries had a noticeable delay.

[+] Participation of external researcher. During primary
study selection, we validated the progress in the use of EBSE
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with an external researcher with some EBSE experience. This
activity was especially useful to validate the rigor of our EBSE
application and to have an objective view of the risks that were
still present in the project.

VI. DISCUSSION

This section revisits our main findings on the barriers
and facilitators that we identified when applying EBSE. We
also compare our results with the early concerns of EBSE
proponents. Subsequently, we reflect on the implications our
results have on the fit-to-purpose of EBSE. Finally, we present
our assessment of the limitations of our work.

A. Barriers to EBSE application

The barriers that arose in our study could be grouped
into: Difficulty in obtaining relevant evidence, Complexity of
applying evidence, and Lack of guidelines and examples of
using EBSE in industry.

Difficulty in obtaining relevant evidence. One of the
challenges we faced was finding evidence able to address the
company’s problems. There were no evidence-based answers
to the company’s specific KM problems, and evidence related
to more general issues was hard to find. This meant we had
to use a rather broad, high-level research question. Lack of
relevant evidence has been reported in previous studies [14],
[58]. The major disadvantage of this approach is that the
answers may be less specific than required.

The limitations of SE evidence affect research reliability:
(1) Lack of empirical studies forces reliance on less reliable
sources, (2) Absence of clear recommendations may require
restructuring study results, and (3) Lack of standardized ap-
proaches may complicate aggregating results. Point 1 weakens
the strength of evidence, while points 2 and 3 risk biases
because other researchers, with less detailed knowledge of the
primary study details, may misunderstand or misrepresent the
conclusions that can be validly drawn from the evidence.

Researchers have proposed a variety of methods to address
the limitations of SE evidence, i.e. using evidence considering
its nature and quality (e.g., for descriptive and correlational
uses and not to support claims of causality) [59], research-
ing issues relevant to the industry [8], [60], collaborating
closely with practitioners [60], including recommendations for
practice [58], conducting more interdisciplinary research [61],
including grey literature [62]–[65], and appropriately consid-
ering research context [66], [67].

Complexity of applying evidence. Another challenge was
the complexity of applying the evidence we found. This was
mainly because the evidence was in the form of high-level rec-
ommendations not directly implementable process guidelines.
The nature of the evidence was a particular problem because
our requesters did not themselves have any SE research expe-
rience. Thus, we needed to summarize the collected research
in a way that it could be understood by practitioners.

This issue has not been raised by any of the other collabora-
tive EBSE-related studies that we are aware of (i.e., [11]–[13],
[15], [21]), because, in all those cases, the requesters either had

SE research experience or specialist knowledge of the topic of
interest.

Lack of guidelines and examples of using EBSE in
industry. In contrast to SRs, there are no detailed guidelines
for the five EBSE steps, and there are only a very limited
number of examples of using secondary studies in an industry
context.

First, the EBSE team had no previous experience working
with EBSE and RRs in industry. Our professional experience
and our strong link with the company helped us to establish a
good working relationship with our requesters. However, our
EBSE activities might have been both more focused and more
efficient if there had been some practical SE guidelines to
support our EBSE process.

As it was, since the EBSE team chose to use an RR (rather
than a full SR), we followed, as far as possible, the process
reported by Cartaxo et al. [13]. In particular, we prepared
an evidence briefing and discussed the RR results with the
requesters. However, in general, we acted in response to the
project circumstances, rather than following prepared plans.
For example,

• In order to define a research question we had to do several
preliminary searches.

• We discussed our initial evidence with the requests,
adjusting our search, selection criteria, and aggregation
process to address their concerns.

• We developed a method to assist the requesters to rank
the RR recommendations which took place when we
presented the RR results.

Steps 3 and 5 of EBSE posed particular problems. Step 3
requires a critical assessment of the available evidence, but
following Cartaxo et al.’s guidelines for RRs, we omitted
any formal assessment of the identified primary studies. In
practice, since we needed both to include weak forms of
evidence from the primary studies (such as lessons learned),
and to derive recommendations ourselves, the most important
issues for the requesters were information about the type of
companies generating the evidence and of the methods used
to do so. It is also important to recognize that failure to assess
evidence in terms of its validity, impact, and usefulness is a
major deviation from the original specification of evidence-
based practice defined in medical practice

Step 5 calls for reflection on the EBSE activity, but we
found no examples of studies discussing the use of an SR as
part of an industry-academia collaboration that reported any
evaluation of the EBSE process itself. In practice, we reflected
on how we performed each step, in terms of the issues that
arose, how we addressed those issues, any ways in which we
might have improved our performance, and the requesters’
views of the EBSE project. Also, due to the closure of the
company, we were unable to confirm that the recommendations
were adopted and delivered the expected benefits.

Taken together, these issues seem to imply that the analogy
between evidence-based health care and evidence-based soft-
ware engineering is somewhat problematic. Perhaps in the case
of healthcare, the steps of evidence-based practice are more
straightforward, so a more detailed process is irrelevant. In
SE it appears that we need more guidance to cope with broad
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questions, reporting SE evidence to practitioners, developing
practical context-appropriate recommendations, and evaluating
EBSE activities.

Practical problems when working with an industry
partner. As other researchers have pointed out, academic
interactions with industry partners are difficult (see, e.g., [68]).
In our case, the company placed constraints on the collabo-
ration (i.e., defining a broad problem with several different
aspects, and requesting evidence that would map to small
incremental changes) that interfered with academic goals and
was further complicated by company circumstances (e.g., the
company changes and closing).

B. Facilitators for EBSE application

Several factors supported our EBSE project.
Close collaboration with industry partner & Consider-

ing their needs. The close collaboration with the requesters
was a decisive factor in achieving our goals. This included
activities in which their participation was explicit, e.g., meet-
ing to understand their problems, validating our understanding
with them later, also validating the evidence early, and jointly
participating in the workshop to disseminate the results. But
it also required an explicit effort on our part to consider their
needs, e.g., in considering how they would apply the evidence.
Even so, we did not detect that one of the requesters wanted
results in less time.

Appropriate dissemination. In accordance with Cartaxo
et al.’s recommendation to incorporate result discussions as
part of dissemination activities [13], we not only created
an evidence briefing report summarizing the findings of the
RR, but we also conducted a workshop where participants
engaged in discussions about the evidence and its application.
This combination proved effective in disseminating our results.
It seems that a one-page evidence briefing report alone is
insufficient to ensure the practical use of the results. Based on
our experience, it may be helpful to include the following in
future reports: (1) practical implementation guidance for each
recommendation, (2) dependencies between recommendations,
and (3) indications of the strength of evidence supporting each
recommendation.

Process improvement commitment. The company’s com-
mitment to process improvement was of great help in its
willingness to reflect on its processes and to receive recom-
mendations in a positive way. It is important to point out
that, EBSE is not an alternative to process improvement but a
framework that can be used to support process improvement.
In particular, as suggested by Dybå et al. [17] and confirmed
by our study), EBSE seems a useful method to find candidate
solutions to support process improvement.

Conduct of an RR & Participation of external re-
searcher. Two aspects that helped us achieve adequate
methodological rigor were using an RR and the validation of
experts. Using an RR allowed us to obtain interesting results
for the company within the available low-resource setting (i.e.,
limited effort and use by non-experts) and without losing
scientific rigor. Validation by experts helped two stages of the
study, during the early stages of the RR, expert validation gave

us confidence in our RR process, and during the analysis and
reporting of results, the participation of an EBSE expert helped
substantially improved the quality of this study.

C. Revisting EBSE after 20 years

Fig. 3. Comparison of the early concerns identified by EBSE proponents
and the results of our study. Notation: [·] indicates main issues, [–] represents
barriers, and [+] denotes facilitators.

More than half of the barriers we identified in our use of
EBSE had already been identified 20 years ago (see Figure 3).
While certain aspects may have improved, there remain persis-
tent barriers that continue to impact EBSE applications, despite
their long-standing recognition. However, the major challenge,
which has been identified in other studies as well, remains the
lack or inadequacy of evidence. This represents a significant
challenge to face when adopting EBSE. In addition, collab-
oration between academia and industry remains a challenge
for the entire community. Thus, it is clear the EBSE has not
achieved its goal of bridging the gap between industry and
academia.

Our study has not exhibited all of the concerns raised by
proponents of EBSE, but it is important to note that we
present a specific case, that has some aspects that were not
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anticipated by the EBSE proponents (i.e., the use of an RR
and the lack of critical appraisal of evidence10). In addition, we
were unable to fully evaluate the effect of implementing the
recommendations, so we cannot make conclusions about the
difficulty of isolating the effects of specific process changes.
However, it is noteworthy that although the practitioners were
not used to employing scientific research results, this did not
cause a barrier to our collaboration.

Certainly, good progress has been made on some of the
challenges identified 20 years ago. SRs are highly appre-
ciated by the academic community (see, e.g., the tertiary
study conducted by Kamei et al. [2]). There are standards or
guidelines for several types of empirical methods (e.g., [27],
[69]), including SRs. Much work has been done to improve
evidence aggregation methods and their reports (see, e.g., [4],
[13], [70]–[73]). We do not yet have a central repository
of published SRs. However, for some time now it has been
possible to pre-register reports in several venues [74]. Finally,
there are also initiatives to generate more appropriate evidence
for non-academic stakeholders (e.g. the ESEM’s Industry,
Government, and Community track11).

Both current research and our results indicate that EBSE has
yet to fulfill its objective of effectively supporting practitioners
in utilizing research evidence. It seems that proponents of
EBSE underestimated the disparities between healthcare and
computing, leading to challenges in its implementation:

• Healthcare options are generally more easily understood
and adopted by practitioners without the need for exten-
sive explanation, unlike SE methods. For instance, doc-
tors prescribing a new drug, or nurses adjusting patient
care practices such as coma patient turning frequency or
hand-washing protocols.

• Healthcare options undergo rigorous evaluation before
deployment. This is mainly due to national and interna-
tional regulation, and ensures that a body of empirical
studies are available as a basis for evidence-informed
recommendations. However, in the computing industry,
companies often deploy new methods without waiting for
independent validation, or any proper understanding of
their risks. There are many examples where the adoption
of new computing methods to address specific prob-
lems has introduced new problems. For example, object-
oriented design was supposed to ensure more reliable
systems because keeping data and code together would
make testing more effective. However, the emphasis on
developing self-standing, independent objects led to ex-
tensive use of code clones which caused more mainte-
nance problems and, in turn, necessitated the development
of aspect-oriented design [75].

Furthermore, for certain practitioners, distinguishing between
empirical evidence and their personal experience or the claims
of thought leaders may not be inherently clear. For example,
the practitioners who collaborated in our study learned about

10We evaluated evidence in terms of its relevance to practice (i.e., applica-
bility).

11https://conf.researchr.org/track/esem-2024/esem-2024-industry-
government-community

the concept of empirical evidence from our collaboration.
Decision-making processes frequently rely on guidance from
these thought leaders or consulting firms, even when dis-
seminating questionable claims (as evidenced by the recent
McKinsey case on developer productivity, refer to [76], [77]).
Thus, the sole publication of a paper does not guarantee
effective communication of SE evidence to practitioners. This
certainly could have been another influential factor in EBSE
adoption.

D. Is EBSE framework fit-for-purpose?

EBSE can be challenging for practitioners without research
experience, but our study confirms that it can be effectively
utilized in industry-academia collaboration. EBSE application
raises several challenges and requires different skills that
include academic knowledge, and professional experience.
Successfully using EBSE requires the ability to convert aca-
demic recommendations into actionable process changes and
the proficiency to design and utilize effective engagement
mechanisms for the dissemination of knowledge.

Evidence is still somewhat limited, and our study highlights
that practitioners value evidence that aligns with their practical
concerns. This implies that academics should consider the
needs of the industry when pursuing their research agendas.
Likewise, practitioners should actively engage with academics
to identify topics they consider essential and to facilitate eval-
uations of industry practices and trials of new technologies.

Step 1. The lack of evidence remains a significant con-
cern, indicating that SE should adopt relatively high-level
research questions. In particular, keyword searches specifying
practitioner context can restrict access to potentially useful
information.

Steps 2, 3 & 4. We consider these steps need to be better
understood in the SE context. First, it is unclear what is meant
by “finding best evidence” in Step 2, given that Step 3 of EBSE
promotes the assessment of evidence in terms of validity,
impact, and applicability. We suggest interpreting this as
evidence that best fits the research question. Second, although
EBSE separates Steps 3 and 4, in our study, we addressed Step
3 and the initial planning for Step 4 together when prioritizing
recommendations. This integration of the two steps provided a
means to link the selection of evidence-based process change
recommendations with the process improvement capability of
the company. In other words, evidence assessment can help
define the required process improvement activities. Third, if
we accept the need for broad questions, we should expect Step
4 to deal with prioritizing available process change options and
defining how to implement and monitor the selected process
changes. Our study confirms that existing procedures for man-
aging process change mean practitioners may be prepared for
change but may place restrictions on the type of change they
can manage. Fourth, in terms of Step 3, better standards for
empirical methods would improve the likelihood of obtaining
good-quality evidence, but it would require research expertise
to assess specific evidence effectively.

Steps 4 & 5. The process changes planned in Step 4 should
include procedures for monitoring the process change. Our
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experience suggests that monitoring the process change, and
therefore evaluating EBSE, can also be a complex task, and
about which we have the following reflections.

Comparing EBSE. When evaluating the EBSE process, it
is important to consider what to compare it against. Two
possible alternatives are: (1) comparing with expert opinion via
consultancy or social media posts, (2) comparing with software
process improvement models such as the Capability Maturity
Model. In addition, in a specific evaluation study, it is useful
to determine if the organization has defined procedures to
manage process change. In our study, the EBSE team students
had no experience in EBSE, process improvement methods,
or evaluation. As the company was taken over, this was
not a problem. However, any future EBSE evaluation should
consider the final EBSE step in more detail. Researchers
doing this should have some experience in undertaking field
evaluations of process change. Also, such an evaluation might
require monitoring the process over several weeks or months
to decide if the recommended changes were fully adopted and
addressed the diagnosed problems.

Evaluating the use of EBSE or the value of the collected
evidence. Is it possible to evaluate EBSE by applying it to a
SE problem, or are we evaluating the value of the collected
evidence? From practitioners’ viewpoint, it does not seem easy
to isolate the usefulness of EBSE from the benefit of the
collected evidence. In this study, we tried to make practitioners
aware of EBSE and its methods throughout the EBSE project.
We also had a final meeting in which we asked questions
not only about the KM recommendations, but also about the
evidence-based approach, in order to encourage their reflection
on the two topics separately. However, we need more EBSE
evaluation studies to be able to identify cross-case results
or observations that are needed for a more objective meta-
evaluation of EBSE.

E. Limitations

An important limitation of our study was the fact that the
company closed down, so we were unable to confirm whether
or not the process changes that the company tried to introduce
were successful. We can only confirm that the company
identified recommendations that they planned to adopt at our
dissemination workshop and the requesters reported that some
changes had been adopted before the company closed. We
must note that in any case, our approach to monitoring the
changes would still have been indirect, since at that point, none
of the members of the EBSE team worked for the company,
and we had not planned any direct monitoring of the change
process.

We also identified two issues related to conflicts of interest.
Firstly, the affiliation of one of the students with the company
and the knowledge among requesters and company members
that the research was part of their capstone project raised
concerns about potential positive bias in their feedback. To
mitigate this, we consistently emphasized to participants the
equal importance of positive and negative results. We gathered
their perceptions of the research results through multiple
methods and on different occasions. Secondly, the first author

sought to complete his research on the adoption of EBSE (that
is part of his PhD), which could be thought of as more valuable
with positive results. To minimize the risk of bias in favor of
positive results, the first author diligently recorded decisions
and actions in a detailed journal. They also reported and sought
input from the second and third authors at various stages of
the study, including planning, conduct, analysis, and reporting.
These measures were implemented to ensure transparency and
reduce potential bias.

Although students had prior training and collaboration with
Pizard, this marked their initial involvement in conducting
a secondary study. To mitigate possible deviations from the
RR methodology, we strictly adhered to Cartaxo et al. recom-
mendations [13], including protocol development beforehand,
while seeking guidance from Vallespir. Moreover, we validated
the RR protocol and the conduct of initial stages with Fernando
Acerenza, a researcher knowledgeable in EBSE.

The selection of the topic to work on with the company in-
troduced some limitations. The primary limitation is our focus
on non-critical issues to avoid disclosing sensitive information
and not expecting to address serious or urgent problems. This
approach may restrict the breadth and potential impact of the
research findings. Additionally, it may seem that the topic
addressed (i.e., KM) and the company’s problems were more
aligned with management than with SE. However, there are
diverse and recognized studies on KM in SE indicating the
importance of this topic in our field (e.g., [78]–[80]). In our
case, out of the 20 selected studies, 13 were from IT and SE
venues, also showing this topic’s relevance to SE. Even so,
dealing with a topic close to management and not a classic
one within SE can be considered a limitation.

VII. FINAL REMARKS

Currently, EBSE seems more appropriate as an approach
for researchers to enhance collaboration with practitioners,
rather than a freely accessible mechanism for all stakeholders
as initially expected two decades ago. However, research
on practice-driven use of EBSE is not so well explored,
presenting certain challenges. Our study’s findings contribute
to addressing this gap, and although it is a single application in
a specific context, we venture to present the recommendations
outlined in Table V.

We are moderately optimistic that EBSE will be more
widely adopted in the future. Successful experiences of ap-
plying EBSE will be the greatest attraction to motivate its use
where success is closely linked to overcoming the identified
barriers, especially the lack or inadequacy of evidence. How-
ever, if we want to confirm if the EBSE framework is valuable,
or whether it needs to be revised, reports on practice-driven
applications of EBSE are essential.
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TABLE V
RECOMMENDATIONS FOR CONDUCTING PRACTICE-DRIVEN APPLICATIONS OF EBSE.

1. Consider all EBSE steps and not just conduct an SR. Taking a broader view of evidence utilization enables consideration of various aspects, such
as leveraging previously published SRs on the topic or more accurately evaluating the application of the approach. Do not dismiss the assessment
of studies (Step 3) before determining whether such information is necessary.
2. Initiate early and sustained engagement with practitioners to grasp their needs and expectations about evidence, fostering collaborative decision-
making throughout the process. Intermediate validations, such as those of evidence discovered, appear to be crucial for achieving successful final
results.
3. Consider practitioners’ values (e.g., commitment to process improvement) and constraints on required evidence (e.g., openness to recommendations
for large or small process changes, or timeframes required to obtain results ).
4. Anticipate the limitations of evidence by employing broad questions, and be prepared to restructure recommendations found in primary studies.
For instance, converting these recommendations into actionable process changes can enhance their practical utility.
5. Facilitate the reception of evidence by considering practitioners’ expectations regarding knowledge transfer and incorporate face-to-face activities
where they can discuss recommendations and implementation strategies.
6. Effectively evaluate evidence utilization by monitoring process changes and preemptively considering alternatives for comparison, such as expert
opinions or performance metrics before implementing changes.
7. Strive to adhere to the EBSE process and uphold scientific rigor, including conducting validations with expert researchers, to mitigate potential
researcher bias introduced by current evidence limitations.
8. Anticipate challenges that may arise in academia-industry collaborations. Specifically, researchers should maintain flexibility and consider
recommendations from the literature (e.g.,[81]).
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