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ABSTRACT

Background: Despite the mutual benefit of the industry-academia
partnership, the level of joint work is still low. For this reason, the
interest in connecting research and practice has increased recently
in the academic community. Objective: This research aims to de-
sign and apply approaches to improve the knowledge exchange
between academic researchers and software engineering practition-
ers. Methodology: This work can be seen from a design science
perspective. Following the design-science paradigm, the knowledge
regarding a phenomenon is obtained through the design and eval-
uation of solutions that apply in a specific context. Consequently,
this research work proposes and evaluates approaches to bridge
the communication gap. Results: Two approaches have been ex-
plored and partially evaluated. The SERP-taxonomy architecture
that can be used to describe and link research results and industry
challenges, and rapid reviews to foster communication between
industry and academia. Conclusion: This thesis will provide em-
pirical evidence of the application of collaborative approaches to
improve industry-academia communication and get closer research
and practice.

Note: Due to COVID-19, the EASE 2020 conference was
postponed to 2021. Thus, this document is an update (on sec-
tion 5) to the version published in EASE 2020[18].
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1 INTRODUCTION

Researchers and practitioners maintain a symbiotic relationship
in software engineering, in which communication is essential. To
a large extent, the partnership is voluntary because each party
decides when and how to collaborate. However, the ideal of the
relationship is a strong interaction that benefits both actors. That
level has not yet been achieved in software engineering. While
some topics such as knowledge transfer, knowledge translation,
and collaboration have caught the attention of researchers, more
work is needed to connect academia and practice[2, 8, 9, 12].

This Ph.D. work aims to identify and apply approaches to im-
prove the knowledge exchange between researchers and practi-
tioners. The benefit for academics from this exchange includes to
update teaching content, collect empirical data, validate research,
and increase the research relevance. Similarly, practitioners could
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get benefit by taking advantage of research results, and new prac-
titioners could experience a smooth transition from university to
industry.

From a methodological perspective, this work can be viewed as
design-science research. Under the design-science paradigm, the
understanding of a phenomenon is gained through the design of
solutions that are valid in a specific context[7]. In this research,
different approaches will be implemented in scenarios where re-
searchers and practitioners have the will to work and learn from
each other. The work is divided into studies that are described
further(Section 3). The overall research question is:

What approaches can be implemented to foster knowl-
edge exchange between researchers and practitioners in soft-
ware engineering?

The next parts of this report are organized as follows. Section
2 presents an overview of the research using a visual abstract for
research-design research. Later on, in Section 3 the finished and
under development studies are described. Finally, Section 4 briefly
presents the related work.

2 RESEARCH OVERVIEW

To present a general view of the research, Figure 1 depicts a visual
abstract according to the proposal from Storey et al.[23] to visu-
alize design-science research. The figure shows three main parts
as follows. 1) On top of the figure in a box, the technological rule
or main contribution of this research. 2)Below the technological
rule, the figure shows the problem-solution relation. This relation
includes both, how the solution is designed and how the problem
is understood. In the middle of the relation is shown how the so-
lution is validated. 3) The three boxes on the bottom include the
evaluation of the research in terms of relevance, rigor, and novelty.

The technological rule captures the main contribution of the re-
search and is expressed in the form To achieve «effect» in «situation»
do «intervention». For this work the technological rule has been for-
mulated as follows “To improve knowledge exchange in a facultative
relationship between researchers and practitioners facilitate inter-
active research approaches”. Each of the components is described
below. The desired effect «<improve knowledge exchange» supposes
that by improving the exchange, each party gets to benefit in their
interest. The situation «facultative relationship between researchers
and practitioners» means that both have the will to work with each
other. A facultative relationship means that each actor decides when,
how and with who wants to collaborate. The interventions named
as «interactive research approaches» refer to approaches designed
and implemented where researchers and practitioners have a high
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To improve knowledge exchange in a facultative relationship between researchers and practitioners
facilitate interactive research approaches
P (%]
/~ Problem Instance I ~ " Solution N ~
Low impact of research in Serp-mention a taxonomy to
Problem pract_ice _ link research results and Solution design
Understanding: Few industry-academia T industry challenges. Study 1 approach:
Literature Review on collaborations o Rapid Reviews for foster serve communciation in
industry-academia in Disconnection between Validation approach: 3 dp trv-academi esearch collaborations.
Software 7 S e Use of the taxonomy in a INGUSIny-acacemia studies 1.2
Engineering.PhdCourse Sl Ehile] [FIXTe e collaborative communication.Study 3 Review of literature.
Study on long term project.Study1 Future Studies Study 3
project.Study 2 Conduct a Rapid Review
\ / with industry. Study 4 \ /

Relevance: Despite the mutual benefit of working together, the level of joint projects between researchers and

practitioners is still low. A better understanding of communicational gaps will contribute to improving the
knowledge exchange, and consequently, the relevance of research and the use of research in industry.

I3

Rigor: Case studies have been used both, to conceptualize the problem and to validate the solutions proposed.

Novelty: The SERP-taxonomy architecture has shown to be useful in a new domain. It contributes to describe and
link research results and industry challenges. Developing rapid reviews involving practitioners can contribute to
increase the knowledge exchange and foster industry-academia communication.

Figure 1: Visual abstract[23] of the Research Work

degree of interaction. In this research, the approaches implemented
are the SERP-taxonomy architecture Study 1 and rapid reviews
Studies 3 and 4.

The problem-solution pair is reached by studies as follows. The
problem instances i.e examples of the problem, are explored through
the review of literature and study 2 where the communication in a
long term project is investigated. Until now in this research, two
different approaches have been designed and validated. The first ap-
proach is the development of taxonomies using the SERP-taxonomy
architecture to improve communication in software vulnerabil-
ity management (Study 1). The second approach is inspired by
evidence-based medicine and is the use of rapid reviews to foster
communication (Study 3). Study 4 validates the proposal from Study
3 in practice. The final part in the visual-abstract summarizes a
general view of relevance, rigor, and novelty of this work.

3 STUDIES

This research will be presented as a collection of papers that report
studies on a general research topic. In the following subsections,
each of the current or finished studies are described. Future studies
will continue in the same line of research but focusing more on the
design and evaluation of actions to improve communication.

3.1 Study 1: Towards a common language to
link challenges and solutions

Study 1 exposes the use of the SERP-architecture in the domain of
software vulnerability management [20]. The SERP-architecture
supports the development of taxonomies that can be used to link
research results and industry challenges in software engineering.
Previous experiences have shown the usefulness of the approach in
software testing [6]. In this study, SERP-mention, a taxonomy that
follows the SERP architecture, was developed and evaluated in a col-
laborative project whit participants from industry and academia. To
build initial versions of the taxonomy, we interviewed researchers
and develop a first version. Later, with representatives from compa-
nies, a workshop was conducted to validate the result and extend the
taxonomy. As the final step, we extracted solutions and challenges
from a sample of papers. We showed in this study the usefulness of
the taxonomy approach to describe research results and industry
challenges. Besides, the potential to link results from academia with
problems from industry.

RQ1 To what extent can the SERP-taxonomy architecture be reused
to develop a taxonomy in the area of IoT vulnerability manage-
ment?
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RQ2 To what extent is the taxonomy developed useful for improving
the communication about vulnerability management between
researchers and practitioners?

3.2 Study 2: Exploring communication in a
long-term industry-academia collaboration

Study 2 is a case study. The project under study was a long term
collaboration in the area of software testing. The research ques-
tions aimed to identify what are the effects of communication, and
what facilitates the industry-academia communication. For the data
collection, we used a retrospective timeline-based method where
information about people, outputs, and activities was presented to
project participants. The session was recorded and transcribed for
the analysis. We transcribed and coded the transcribed recordings
of the sessions by pairs, and followed techniques of thematic analy-
sis. We identified for each instance of communication the following
information: parties, the environment where the exchange took
place, the content, and the effects. Later on, we identified facilitators
for communication. We denoted as facilitators some characteristics
of the context that favor communication, for example having a long
term relationship, or having regular meetings. In this case study, we
followed the guidelines proposed by Runeson et al.[21] to conduct
case studies in software engineering.

RQ1 What are the effects of industry-academia communication?
RQ2 What facilitates industry-academia communication?

3.3 Study 3: A proposal to foster
industry-academia communication
through Rapid Review

In study 3, we proposed steps to conduct Rapid Reviews in Soft-
ware engineering based on a literature review in healthcare and the
authors’ experiences conducting secondary studies. Rapid Reviews
are widely used in Evidence-Based medicine. Although evidence-
based software engineering is inspired in evidence-based medicine,
only few researchers have used rapid reviews in software engi-
neering research[3]. We present a proposal to use rapid reviews to
exchange knowledge between academia and practice. To develop
the proposal, first, we reviewed papers about Rapid Reviews in
healthcare to understand in detail how rapid reviews are conducted.
Later on, we synthesized the findings that were relevant to software
engineering according to the experience of the authors conduct-
ing and reviewing research that involves work with industry. The
final result of this study is the method to use rapid reviews in soft-
ware engineering as a vehicle to exchange between industry and
academia. From a methodological perspective, this study can be
seen as a literature review. We were inspired by guidelines proposed
by Kitchenham et al.[11]. However, the study keep differences with
a traditional systematic literature review for the following reasons.
1) We analyzed papers until we reach saturation on the analytic
model 2) We searched for articles reflecting on the use of Rapid
Reviews instead of primary studies 3) We elaborated on the authors
experience a new proposal.

RQ1 What methodological guidelines for conducting Rapid Reviews
in healthcare can we bring to Software Engineering?
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RQ2 What can we learn in Software Engineering from the interaction
between practitioners and researchers when conducting Rapid
Reviews in healthcare?

3.4 Study 4: Evaluating the proposal

Study 4 is in the design phase. The objective is to validate the
guidelines proposed in study 3. The next two strategies will be
implemented. We will conduct a Rapid Review as such, following
the method proposed in study 3. We will follow the guidelines
for case studies by Runeson et al.[21]. Similarly, we will collect
qualitative data from practitioners and researchers on their views
about the rapid review as a mean to exchange knowledge between
research and practice. We will probably collect information through
a focus group and a survey.

RQ1 What are the benefits and drawbacks of using rapid reviews to
foster communication between researchers and practitioners?
RQ2 What are the effects of conduct rapid reviews with practitioners?

3.5 Future Studies

The following studies in this research will aim to explore other in-
teractive approaches to foster industry-academia exchange. I want
to explore how communication differs according to the context,
and which approaches fit better according to the scenarios where
industry and academia meet.

4 RELATED WORK

Under the view of the triple helix model, communication between
industry, university, and the government is at the basis of the
knowledge-based economy [13]. Furthermore, communication is
a key success factor when companies and universities work to-
gether [16], and a condition for knowledge transfer [5].

In software engineering, some of the terms used to describe
industry-academia interactions include knowledge and technology
transfer, knowledge translation, and industry-academia collabora-
tion. Despite some particularities that make them different, all the
relations are based on communication.

The term technology transfer was introduced by Gorshek et
al.[10] in software engineering. The authors build a model that
make emphasis in cooperation from empirical experience working
with industry. Similarly, but adding emphasis to the bi-directional
exchange, Mikkonen et al.[15] presented a model for continuous
and collaborative technology transfer. A similar term is knowledge
transfer. An example of knowledge transfer in software engineering
is the work from Cartaxo et al. [4] where the authors present a
model to transfer knowledge from academia to companies. In this
model, the researcher act as a transfer-agent. Deepika et al. [1]
claim that the knowledge needs to be translated to the industry.
They propose guidelines to translate knowledge into software engi-
neering practice. Garousi et al. [8] in a systematic literature review
present challenges and best practices to run industry-academia
collaboration. Communication is included under the perspective of
how to deal with meetings and interpersonal communication.

More specific mediums to communicate research results to the
industry are the visual abstracts [23] and evidence briefings[4]. The
SERP-architecture to link industry challenges and research results
is used in this research(Study1).
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5 RESEARCH WORK UPDATE 2021

The purpose of this section is to update the status of the research
to 2021. We present in the following subsections:

e A summary of the advance and results of the studies con-
ducted.

e Motivation to apply this research in a narrow topic in soft-
ware engineering,.

o A short description of new studies to include.

e An update to Figure 1.

5.1 Summary of advance and results

This research work, including studies 1-3, was defended as a Li-
centiate thesis[17] at the beginning of 2021. The licentiate thesis
resembles a Ph.D. thesis in the structure but is much shorter. Below,
it is described the status of the studies described above.

5.1.1 Study 1: Towards a common languate to link challenges
and solutions. The paper entitled “A Taxonomy for Improving

Industry-Academia Communication in IoT Vulnerability Manage-
ment” [20] was published at Euromicro SEAA 2019.

The paper evaluates the potential and usefulness of SERP tax-
onomies around the topic of software security vulnerability man-
agement. SERP taxonomies may be helpful for researchers when
defining research questions and searching for relevant literature.
For practitioners, SERP taxonomies may help to describe challenges
in context and support communication with researchers.

5.1.2 Study2: Exploring communication in an industry academia
joint project. The paper entitled “A Case Study of Industry-Academia

Communication in a Joint Software Engineering Research Project”
is under review in a journal.

We identified five facilitators of IA communication and nine
project outcomes related to this communication. The facilitators
concern the relevance of the research, practitioners’ attitude and in-
volvement in research, frequency of communication and longevity
of the collaboration. The project outcomes promoted by this commu-
nication include, for researchers, changes in teaching and new sci-
entific venues, and for practitioners, increased awareness, changes
to practice, and new tools and source code. Besides, both parties
gain new knowledge and develop social-networks through IA com-
munication.

Our study presents insights that can provide advice on how to
improve communication in IA research projects and thus the co-
creation of software engineering knowledge that is anchored in
both practice and research.

5.1.3 Study 3: A proposal to foster industry-academia com-
munication through Rapid Review. We published the techni-
cal report “Guidelines for conducting interactive rapid reviews in
software engineering — from a focus on technology transfer to
knowledge exchange”[19].

We propose guidelines to conduct interactive rapid reviews. An
interactive rapid review is a streamlined approach to conduct agile
literature reviews in close collaboration between researchers and
practitioners in software engineering.
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The proposed guidelines will potentially boost knowledge co-
creation through active researcher-practitioner interaction by stream-
lining practitioners’ involvement and recognizing the need for an
agile process.

5.1.4 Study 4: Evaluating the proposal. We conducted a mul-
ticase study where two groups of researchers and practitioners
conducted an interactive rapid review. Currently, we are on the
analysis and preparing the diffusion of research results.

5.2 Application area

For the second part of this P.hD, we keep as the main goal to inves-
tigate the communication between researchers and practitioners.
Furthermore, we have seen the need to focus on a specific topic
in software engineering. In the next studies, we will focus on the
researchers-practitioners knowledge exchange around the testing
of machine learning systems, i.e., software systems that include
machine learning components.

Testing machine learning systems seems to be a relevant topic
to study researchers-practitioners communication. On the aca-
demic side, researchers have found that some testing techniques
can be applied as in typical software systems while others require
adaption[14, 22]. Practitioners face challenges when developing
and testing machine learning systems due to the lack of practical
guidelines. Besides, the teams in charge of developing machine
learning systems are composed of traditional software develop-
ers, data scientists, and a new generation of developers with more
scientific backgrounds. In these settings, team management and
lack of training in software engineering practices is a known chal-
lenge. Thus, the potential benefit for both communities, the need
to connect research and practice, and the active work in the field
are indications that the topic is suitable to evaluate the approaches
proposed in this research work.

5.3 Future studies

The following studies are planned for the second part of this re-
search:

5.3.1 Study 5: A literature review on the testing of machine
learning systems. This review aims to get a sense from academia
of how machine learning systems are conceived and how they are
tested.

RQ1 How do researchers conceive systems that integrate machine
learning components?

RQ2 What testing processes and techniques have been proposed to
test these systems?

RQ3 What researchers have identified challenging when testing ma-
chine learning systems?

5.3.2 Study 6: Exploring how machine learning systems are
tested in practice. The goal is to explore what practitioners know
and how they learn about testing machine learning systems. A
first data collection is based on master theses at Lund University
related to applying machine learning. After, we plan to conduct
interviews with master theses supervisors both at university and
in the application domain, e.g. (medical, scientific, industry).

RQ1 How do practitioners perceive machine learning systems?
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RQ2 How do practitioners learn about testing machine learning sys-
tems?

RQ3 What are the common practices to test machine learning sys-
tems?

5.3.3 Study 7: SERP-testml linking industry challenges and
research solutions in machine learnings systems testing. Data
collected from from studies 5 and 6 is an input to develop a SERP
taxonomy of machine learning systems testing. The taxonomy will
be used in the following study to support researcher-practitioner
communication.

RQ1 What are the differences and similarities in concepts and prac-
tices between researchers and practitioners when testing machine
learning systems?

RQ2 What are the common challenges in research and practice for
testing machine learning systems?

RQ3 To what extent the research solutions map with practice chal-
lenges?

5.3.4 Study 8: Supporting researches-practitioners knowl-
edge exchange around machine learning systems testing.
In this study, we evaluate the approaches proposed to foster knowl-
edge exchange between researchers and practitioners. Starting from
a real problem around testing machine learning systems, we use
SERP-testml to facilitate initial communication and as a starting
point to navigate available research and challenges faced by prac-
titioners. Later, we validate the interactive rapid review approach
within researchers and practitioners involved.

RQ1 How interactive rapid reviews may support software engineer-
ing practice and knowledge exchange between research and
practice?

RQ2 What are the learnings for researchers and practitioners when
participating in IRR?

5.4 Visual abstract update

Figure 2. is an update of the visual abstract[23] including the up-
dates mentioned above.
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Relevance: Despite the mutual benefit of joint research work between industry and academia, the collaborative work is still
low. Addressing the communication gaps may foster knowledge exchange, and consequently, the relevance and application of
research results. An additional benefit is the impact on teaching and curricula development for future practitioners.

Rigor: Case studies have been conducted to conceptualize the problem and to evaluate the approaches proposed.
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Novelty: The use of interactive rapid reviews to foster knowledge exchange in software engineering. Machine learning
systems testing is having both an active development in research and widely application across disciplines.

Thesis Preliminary Title: Fostering researchers-practitioners knowled. I

on testing machine learning systems with interactive approaches.

Figure 2: Visual abstract[23] for the Ph.D thesis
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