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ABSTRACT

Background: The software engineering community has expressed growing con-
cern regarding the need for more connections between research and practice. De-
spite the large amount of knowledge researchers generate, its impact on real-world
practice is uncertain. Meanwhile, practitioners in industry often struggle to ac-
cess and utilize relevant research outcomes that could inform and enhance their
work. Collaboration between industry and academia is seen as a potential solu-
tion to bridge this gap, ensuring that research remains relevant and applicable in
real-world contexts.

Objective: This research aims to explore challenges in communication and
collaboration between industry and to design, evaluate, and implement strategies
that foster this collaboration.

Methodology: The design science paradigm inspires this research, as we aim
to obtain knowledge about industry-academia communication and collaboration
by studying challenges and solutions in context. The thesis includes case studies;
some are exploratory, while others focus on evaluating specific strategies.

Results: In terms of problem understanding, we identified challenges that im-
pact communication and collaboration, such as different expectations, perspec-
tives, and ways of working. Furthermore, we pinpointed factors facilitating com-
munication, including long-term projects, research relevance, and practitioners’
involvement. Regarding how to improve communication and collaboration, we in-
vestigated two strategies. The first strategy involves using the SERP-taxonomy
approach in a project on software vulnerability management in IoT systems. The
second strategy involves the proposal of interactive rapid reviews, conducted in
close collaboration with practitioners. We share the lessons from conducting two
reviews (one in testing machine learning systems and the other in software compo-
nent selection). The benefits of conducting interactive rapid reviews include mu-
tual understanding, the development of networks, and increased motivation for
further studies.

Conclusion: The thesis emphasizes the importance of industry-academia col-
laboration as a key aspect in closing gaps between research and practice. The
strategies discussed provide tools to understand industry-academia partnerships
better and support future collaborations.





POPULAR SUMMARY

Sergio Rico, Department of Computer Science, Lund University, Sweden

When we think about society’s challenges, like the COVID-19 pandemic, we
count on academia and industry to help us to face them. We rely on academic
institutions to provide the scientific knowledge and expertise to understand the
virus and develop vaccines and treatments. Similarly, we expect universities and
other academic institutions to have trained medicine, public health, epidemiology,
and healthcare professionals. Meanwhile, we expect industry to produce vaccines,
treatments, and medical equipment and supplies. Essentially, we want scientific
knowledge to be transformed into real-world solutions that can help us tackle the
pandemic and require exchange between academia and industry.

Moving to the IT industry, the exchange between academia and companies is
a key component of the innovation that has led to the development of disruptions
like semiconductors, the internet, communication protocols, and, most recently, ar-
tificial intelligence (AI). In software engineering, the exchange between academia
and industry is essential due to the importance of software in our daily lives, and
because teams developing software are the best place to study and improve how
software is developed.

One way to foster innovation and strengthen the industry-academia exchange is
through collaboration, where researchers and practitioners work together to solve
problems and create new knowledge. Although collaborative projects can vary in
size, scope, level of collaboration, and duration, they have common characteristics,
including the project stages, the roles of the participants, and the challenges that
can arise during the project.

This thesis identifies challenges that make collaboration between industry and
academia difficult in software engineering and proposes strategies to overcome
them. Effective communication between researchers and practitioners is critical,
as they are the main actors in these partnerships.

To conduct our research, we studied real projects where companies and aca-
demic research groups collaborated. We analyzed projects at different stages, from
the project’s inception to the final evaluation of results. Consequently, we proposed
Interactive Rapid Reviews (IRRs) to increase interaction between researchers and
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practitioners. IRRs involve answering questions from practitioners based on re-
search results.

Our research has two main contributions. First, it offers a comprehensive view
of challenges faced by researchers and practitioners grouped into three categories:
communication distances, participants-related challenges, and research-related chal-
lenges. This comprehensive view aims to help researchers and practitioners collab-
orate more effectively.

Second, our thesis proposes two strategies to overcome some challenges. De-
velop and use common terminologies to describe and connect what researchers
do and use Interactive Rapid Reviews (IRRs) to increase interaction between re-
searchers and practitioners in the early stages of collaborative research projects.
Inspired by rapid reviews in medicine, where research results inform medical
treatments and practices, we adapted the rapid review methodology for software
engineering. In two case studies, we found that IRRs were useful in developing a
shared understanding of each other’s needs and problems and piloting how to work
together.

This research provides valuable insights into improving communication and
collaboration between industry and academia in software engineering. Our ulti-
mate goal is to create more synergies between these two sectors and ultimately
impact the software products and services we use daily.
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INTRODUCTION

1 Introduction

Software has become a crucial element of modern society. Often described as ubiq-
uitous [29], it permeates various aspects of our lives. The applications range from
everyday devices and industrial systems to critical systems that ensure the oper-
ation of essential services. With the increasing importance of digitalization, au-
tomation, IoT, and the integration of artificial intelligence components, software
relevance, and impact continue to expand. Ensuring that software is developed and
maintained reliably, securely, efficiently, and in a manner that meets stakehold-
ers’ needs is a significant challenge. Software engineering aims to accomplish this
by systematically applying scientific and engineering principles to software de-
velopment, operation, and maintenance. Establishing a strong connection between
academia and industry in software engineering is essential to ensure that academic
research is well-informed by real-world challenges and that industry benefits from
the latest advances in software engineering research [9].

The symbiotic relationship between academia and industry is crucial, as it en-
ables the exchange of knowledge and expertise between the two sectors [3]. In
this thesis, academia refers to higher education and research institutions where re-
searchers advance the frontiers of knowledge and understanding through rigorous
methods. Academic institutions are responsible for developing programs and cur-
ricula that prepare a critical mass of professionals to drive innovation and progress
in various fields, including software engineering. Conversely, we refer to the in-
dustry as the domain of commerce, business, production, and public institutions
working with software, where companies and organizations play a central role in
creating jobs and providing essential goods and services. Numerous links and in-
teractions exist between academia and industry, such as the transfer of technology
and knowledge, recruitment, and the provision of training opportunities [37]

Industry-academia collaboration links the two sectors, enabling them to work
together on research projects that combine academic research results, knowledge
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exchange, and industrial needs. Although collaboration in the software engineer-
ing research community has gained attention [19,31,39], there is a need for clearer
approaches, strategies, tools, and guidance to support industry-academia collabo-
ration effectively. In response to this need, this thesis focuses on industry-academia
communication and collaboration in software engineering. The research seeks to
facilitate better integration of academic research and industry practice, ultimately
benefitting both sectors. The thesis has two main goals, as follows:

RG1: To explore the challenges of industry-academia collaboration in software
engineering and better understand the communication between researchers
and practitioners.

• RQ 1.1: What are the key challenges researchers and practitioners
face when collaborating on industry-academia projects in software
engineering?

• RQ 1.2: What factors influence communication and collaboration be-
tween researchers and practitioners in industry-academia collabora-
tions in software engineering?

• RQ 1.3: How do Ph.D. students in software engineering experience
and overcome challenges in industry-academia collaborations?

RG2: To design and evaluate strategies to improve communication and collabo-
ration between industry and academia in software engineering.

• RQ 2.1: How effective is the SERP-taxonomy approach in support-
ing communication about practical challenges and research results in
software engineering?

• RQ 2.2: How can interactive rapid reviews support communication
and collaboration between researchers and practitioners in industry-
academia collaborations in software engineering?

• RQ 2.3: What are the benefits and limitations of using interactive
rapid reviews in industry-academia collaborations in software engi-
neering, and how can the approach be improved?

Industry-academia collaboration in software engineering has the potential to
bring benefits to both academia and industry, including enhancing research rel-
evance and impact, improving the quality of education, research utilization, and
strengthening engagement between the two sectors [1, 10]. Despite this poten-
tial, effective collaboration between academia and industry remains challenging
[19,31]. Therefore, this thesis’s first goal is to better understand the factors that in-
fluence communication and collaboration in software engineering and how these
challenges can be addressed. Although all the included papers in this thesis con-
tribute to understanding the challenges, papers I and II primarily contribute by
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characterizing researcher-practitioner communication and exploring how Ph.D.
students experience and overcome communication and collaboration challenges
when working with practitioners.

The second goal of this thesis is to design and evaluate strategies to improve
communication and collaboration between academia and industry. The proposed
strategies aim to promote knowledge exchange and collaboration between resear-
chers and practitioners. Specifically, Paper III uses a framework to link research
results with practitioners’ challenges. Paper IV proposes interactive rapid reviews
(IRR) as a way to improve communication and collaboration (Papers IV, V, VI).
By evaluating and refining these proposed strategies, this thesis seeks to contribute
to the ongoing efforts to improve industry-academia collaboration to the end of
closing gaps between research and practice.

The findings of this thesis have practical implications for industry-academia
collaborations, specifically in the planning and execution of research projects. For
example, the identified success factors for communication and the strategies to
overcome challenges can guide researchers and practitioners in establishing ef-
fective collaborations. The proposed strategies, such as interactive rapid reviews
and SERP taxonomies, can also serve as tools for improving communication and
collaboration between the two sectors. However, it is important to note that the
effectiveness of these solutions may depend on specific collaboration settings, and
further research is necessary to explore their generalizability. Overall, this thesis
provides valuable insights into how industry and academia can collaborate more
effectively to generate research outcomes that are more impactful and relevant to
real-world problems.

This introduction (kappa) is structured as follows: Section 2 provides an over-
view of the research approach, explaining the methods and processes used through-
out the thesis. In Section 3, the background and related work are presented, focus-
ing on industry-academia collaboration and secondary studies in software engi-
neering. The results of the included papers are summarized in Section 4, showcas-
ing the main findings and their implications. Section 5 highlights the contributions
made by this research. The threats to validity are discussed in Section 6. Potential
future work is outlined in Section 7, offering and finally, Section 8, concludes the
thesis.

1.1 List of Papers

This thesis is based on the following papers:

I. Paper I is a case study that explores communication and collaboration in a
joint project. The study focuses on identifying the context where researchers
and practitioners communicate and finding factors that influence communi-
cation and collaboration.
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II. Paper II investigates the challenges faced by Ph.D. students when collab-
orating with practitioners in industry-academia collaborations in software
engineering. The study identifies impactful challenges and strategies to over-
come them based on a literature review, author suggestions, and a question-
naire completed by Ph.D. students.

III. Paper III focuses on developing a taxonomy, SERP-MENTION, to support
communication and collaboration between industry and academia in IoT
vulnerability management. The study employs the SERP architecture and
multiple steps, including a review of existing taxonomies, interviews, and a
workshop.

IV. Paper IV introduces a set of guidelines for conducting interactive rapid re-
views in software engineering to facilitate knowledge exchange between re-
searchers and practitioners. The method consists of five main steps: prepara-
tion, involvement, search, analysis, and dissemination. The process empha-
sizes close collaboration between researchers and practitioners.

V. Paper V focuses on establishing a common understanding of the machine
learning testing domain by initiating collaboration between industry and
academia. The study utilized an interactive rapid review (IRR) and the SERP
taxonomy to support communication and collaboration.

VI. Paper VI presents two case studies that applied Interactive Rapid Reviews
(IRRs) to promote knowledge exchange between researchers and practition-
ers in software engineering. The two case studies, Case-SoftSelection and
Case-MLTest, explored software component selection and machine learning
testing, respectively.

1.2 Communication and Collaboration

The terms communication and collaboration play a significant role in this thesis.
However, given that there are no universal definitions for these concepts, we pro-
vide an overview of how they are employed in this work.

Communication refers to exchanging information, knowledge, ideas, and mes-
sages between individuals or groups. This exchange can occur through various
means, such as face-to-face conversations, written messages, or other communi-
cation forms. The primary objective of communication is to create and foster a
shared understanding among people. Examples of communication include a se-
nior researcher and a manager defining a research project topic, a Ph.D. student
collecting data through interviews, a researcher and a practitioner discussing study
results, and a researcher presenting at a developer’s conference. These examples
illustrate that communication may happen within a collaborative project or inde-
pendently.
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Collaboration, on the other hand, refers to the process of working collectively
with others to accomplish a common goal or objective. This process typically in-
volves coordination and cooperation between individuals or groups and may entail
sharing resources, expertise, or other assets to achieve a shared purpose. In this
thesis, we concentrate on industry-academia collaborations in software engineer-
ing. The studies included in this thesis were conducted in various contexts, such as
university-industry partnerships to develop new technologies in software testing, a
collaboration between a research group with companies on tool development, in-
dustrial Ph.D. projects, and researchers working with practitioners on literature re-
views on machine learning testing. These examples illustrate the diverse nature of
collaboration in terms of formality, financing, duration, levels of commitment, and
other aspects. Regardless of these variations, the underlying principle of industry-
academia collaboration is the joint pursuit of a common goal by researchers and
practitioners.

This thesis focuses on examining communication and collaboration between
researchers and practitioners in software engineering, particularly within the con-
text of industry-academia partnerships. Working together, researchers and practi-
tioners with diverse backgrounds, experiences, and perspectives exchange knowl-
edge and expertise, creating unique opportunities and challenges for communi-
cation and collaboration. By exploring the interactions between researchers and
practitioners in these partnerships, we aim to gain a deeper understanding of the
challenges and to describe strategies to overcome them.

2 Research Approach

The research approach of this thesis is inspired by the design science research
paradigm [41]. Within this paradigm, the primary goal is to gain knowledge about
how to solve similar problems by investigating solutions in context. The four main
activities of this approach are problem conceptualization, solution design, solution
implementation, and evaluation, with the research process being iterative.

In terms of problem conceptualization, knowledge is gained through the vari-
ous studies conducted within this thesis, primarily in Papers I and II. These papers
explore the challenges in industry-academia communication and collaboration in
software engineering. One of the proposed solutions, presented in Paper IV, is in-
teractive rapid reviews as a potential solution to address communication and col-
laboration challenges in industry-academia partnerships in software engineering.
Although the solutions proposed are not context-specific, their implementation for
evaluation purposes is tailored to each specific situation, aiming that the acquired
knowledge can be generalized and applied to various contexts.

The thesis further evaluates SERP (in Paper III) taxonomies and IRRs as strate-
gies (solutions) to improve communication and collaboration between researchers
and practitioners in software engineering, as shown in Papers V and VI. By inves-
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tigating these strategies in context, the research aims to provide insights into the
challenges faced in industry-academia collaborations and offer practical strategies
for overcoming these challenges, ultimately contributing to a better understanding
of the problem and the development of effective solutions.

2.1 Thesis Overview

Paper II

Paper III

Paper IV

Paper V

Paper VI

RG1

RG2

Focus

Researcher-practitioner
communication

Challenges of industry-
academia collaboration 

Terminology ; research and
practice alignment

EBSE; Research relevance ;
researcher-practitioner

interaction

Using IRR; How to use IRR?
Experiences of conduction

IRRs

Using IRR

Outcomes

Facilitator for communication

Challenges experienced and
strategies

SERP-MENTION ; Matches

IRR Guidelines

Testing ML taxonomy;
Challenges; Matches 

IRR Benefits and challenges

Paper

Paper I

Strategies

SERP taxonomy Interactive Rapid Reviews IRR

Figure 1: Research overview showing research goals, papers, focus, and main
outcomes

Figure 1 provides an overview of the research, illustrating that Research Goal 1
(RG1) is primarily addressed in the first two papers, while Research Goal 2 (RG2)
is mainly explored in the last four papers.
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Table 1: Research design and data collection strategies for each study
Paper Type of study Data Collection Strategies

I Case study Timeline, Survey, Workshop
II Survey study Survey
III Case study Interviews, Workshop, Literature review
IV Design proposal Literature review
V Case study Literature review, Workshop
VI Multi-case study Interviews

The figure presents three vertical columns representing the papers, the focus
of each study, and their outcomes. Paper refers to each of the six studies included
in this thesis. Problem understanding denotes the key conceptual topics of interest
in each study, and results represent the main outcomes of each paper. The two
strategies (SERP taxonomy and IRR) are shown at the bottom and in each of the
studies where they are used to address RG2.

The first goal of this thesis is to explore challenges that affect communica-
tion and collaboration in industry-academia collaborations. To achieve this goal,
we conducted a case study investigating researcher-practitioner communication in
a large industry-academia partnership (Paper I). Additionally, we surveyed Ph.D.
students to identify their challenges while working with practitioners (Paper II).
The outcomes of these studies are the facilitators for communication and the chal-
lenges that affect communication and collaboration in industry-academia collabo-
rations.

The second goal, which is to design and evaluate solutions for improving com-
munication and collaboration in industry-academia, led us to evaluate a previously
proposed approach to improve communication called SERP-taxonomies [13] in
the context of a software vulnerability management project (Paper III). We also
proposed IRRs to foster knowledge exchange and collaboration between resear-
chers and practitioners (Paper IV). The thesis details how an IRR was conducted
in the context of a machine learning testing project (Paper V) where a SERP tax-
onomy was also used. Finally, we report the benefits and challenges of conducting
IRRs by examining the case of Paper V and another case study on software com-
ponent selection (Paper VI).

2.2 Types of Studies and Data Collection Techniques

To achieve the goals of this thesis, we used a mixed-methods research approach
that combined qualitative and quantitative data collection techniques. Table 1 pro-
vides an overview of each paper’s research design and data collection.

The research approach of this thesis is flexible and incorporates both qualita-
tive and quantitative data collection techniques. Most of the studies in this thesis
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are case studies. Case studies are an useful approach for exploring a phenomenon
in a specific context and were used to evaluate the proposed strategies [42]. All
the case studies were conducted in the context of industry-academia collabora-
tion in software engineering, focusing on software testing, software vulnerability
management, and software component selection topics.

We used various methods for data collection, including interviews, surveys,
workshops, and literature reviews. In Paper I, we employed the evidence-based
timeline method [6] to collect qualitative data, which involves creating timelines
to evaluate projects retrospectively. This method allowed us to gather data about
the participants, roles, interactions, project outcomes, and impacts. We surveyed to
confirm our findings with a larger sample of participants. In Paper II, we surveyed
to explore the challenges faced by Ph.D. students while working with practitioners.
Paper III involved the development of a SERP taxonomy [13], which required us
to review industry standards and scientific literature, and interview researchers. We
also conducted a workshop with researchers and practitioners to describe research
results and challenges using the SERP taxonomy in the project context.

In Paper IV, we proposed the design for IRRs and reviewed the literature on
rapid reviews in medicine and software engineering to develop the proposal. Paper
V included the development of another SERP taxonomy, which involved meetings
with practitioners, literature reviews, and workshops with researchers and practi-
tioners. Finally, for Paper VI, we conducted interviews with researchers and prac-
titioners as the primary data collection method.

Overall, the use of a mixed-methods research approach enabled us to gain a
comprehensive understanding of the challenges and possible solutions in industry-
academia collaborations in software engineering. By combining both qualitative
and quantitative data collection techniques, we were able to collect data from mul-
tiple sources and triangulate our findings.

3 Related Work

This section offers an overview of related work in two main areas. First, in Sec-
tion 3.1, we examine the concept of industry-academia collaboration in software
engineering. Second, since IRRs are a central topic in this thesis, we delve into the
concept of Evidence-Based Software Engineering (EBSE) and secondary studies
in Section 3.2.

3.1 Industry-Academia Collaboration in Software Engi-
neering

Academia and industry have a long history of relationships and collaboration. His-
torically, universities were founded in places where there was a need for knowl-
edge, and they have contributed to the development of society by providing knowl-
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edge and education [14]. Today, well-developed economies and cultures rely on
reputable institutions that can provide value in knowledge and education and act
as a safeguard of society by providing a space for critical thinking and debate [45].

In recent years, increasing attention has been given to how universities and
industry exchange knowledge and collaborate. Perkmann et al. [36] describe two
different types of relationships between universities and industry: commercializa-
tion and academic engagement.

Commercialization refers to the efforts of academic institutions to commer-
cialize or license their research results to industry [21]. This relationship includes
patenting, academic entrepreneurship, research services, and intellectual property
licensing. Many universities have created technology transfer, and patent offices,
participated in science parks and incubators, and created spin-off companies to
deal with these aspects [21, 30].

On the other hand, academic engagement refers to the knowledge-related inter-
actions between academic and industrial organizations. This type of engagement
can take many forms, both formal and informal. Examples include collaborative
research, consulting, and informal activities like community participation and net-
working. This thesis emphasizes industry-academia collaboration, which can be
seen as a form of academic engagement.

For researchers, engaging with industry has many benefits [35,36]. It has been
shown to enhance academic productivity. Researchers who collaborate with indus-
try tend to publish as many or more papers as their peers who do not engage with
the industry [5, 24]. Additionally, collaboration with industry often leads to new
and innovative ideas, shapes the research agenda [17], and can also make educators
more supportive of their students [7].

Industry-academia collaboration offers advantages to companies [1]. Collabo-
rating with academic institutions can grant access to new knowledge, ideas, tech-
nologies, and talented individuals [9]. Additionally, these partnerships provide
companies with opportunities to directly or indirectly influence the education of
future employees [4]. By collaborating with universities, companies can better un-
derstand research advancements within their fields [28]. Finally, partnerships with
reputable universities can enhance a company’s image and reputation.

Moreover, industry-academia collaboration can contribute to innovation and
economic growth, which is beneficial for society as a whole [45]. Universities play
a crucial role in society by training new generations of professionals, conducting
research, and developing new technologies [1]. Collaborating with academia can
help companies stay at the forefront of technological advancements and improve
their competitiveness [46]. In turn, this can lead to the creation of new jobs, prod-
ucts, and services, which can positively impact society. Finally, public-funded uni-
versities are expected to play a role in the enlightenment of society by promoting
critical thinking and collective consciousness [11, 48]. In this regard, researchers
and academic institutions may contribute better if they are aware of the recent
developments, challenges, and opportunities in the industry.



10 INTRODUCTION

The software engineering research community has been interested in industry-
academia collaboration from the genesis of the discipline [22]. As a relatively
young discipline, software engineering has been characterized by a strong focus
on empirical research [15]. Therefore the need to collaborate with industry to val-
idate and generalize the results of empirical studies is a key aspect of software
engineering research.

Industry-academia collaboration has been a topic of interest in the software
engineering community. Many models (see Table 2) have been developed to ex-
plain different aspects of collaboration and to provide advice to collaborate better
and increase the knowledge transfer and exchange between academia and industry.
One of the most cited models is the technology transfer model proposed by Gor-
shek et al. [23], which suggests a systematic approach to transferring technology
from academic research to industry through a series of seven steps. This model em-
phasizes the importance of fostering close collaboration and cooperation between
researchers and practitioners. It suggests that researchers observe the challenges
faced by the industry and tailor their work accordingly, while practitioners help to
adapt technology based on issues identified on-site.

Another model is the knowledge translation model proposed by Badampudi
et al. [2]. This model suggests that research evidence needs to be translated into
practitioners’ context to be useful for practitioners. The authors propose a nine-
step translation cycle that aims to comprehensively understand the organization’s
research findings, needs, and contextual factors. The model places importance on
two core principles. The first is the need to take into account the specific context
in which research will be applied. The second is the value of incorporating expert
opinions. Additionally, the model stresses the need for an iterative and collabora-
tive translation process customized to the unique context of the organization.

Industry-academia collaboration can have varying degrees of closeness and
maturity levels. In a talk entitled “Software Engineering Research under the Lamp-
post” [49], Wohlin presented a maturity model with five levels of closeness be-
tween industry and academia. In level 5, the industry-academia collaboration is
done in one team, where a specific industrial challenge is identified, draft solu-
tions are evaluated and validated in iterations, and final solutions are usually im-
plemented in practice. In level 4, the collaboration is offline and often remote.
While a specific industrial problem is identified, the solution is done in academia,
and a pre-packaged solution is offered that is challenging to adopt in the industry
due to its generality. Levels 1-3 are characterized by non-existent or weak linkages
between industry and academia and thus cannot be considered proper collabora-
tion. Understanding the various levels of closeness in industry-academia collabo-
ration can help researchers and practitioners identify the most effective strategies
for collaboration and maximize the benefits for both industry and academia.

Other models have been proposed to structure and operationalize industry-
academia collaboration. Mikkonen et al. [34] proposed the continuous and collabo-
rative technology transfer, which suggests that the collaboration between academia
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and industry should be ongoing, iterative, and mutually beneficial. The model
advocates for a shift in the mindset from technology transfer to co-creation be-
tween the two parties and highlights the importance of continuous communica-
tion, knowledge exchange, and shared understanding. Additionally, Runeson and
Minör [44] proposed the 4+1 View Model, which offers a comprehensive view
of industry-academia collaboration by breaking it down into five distinct views,
including stakeholder view, process view, data view, deployment view, and archi-
tectural view. Finally, the Certus Model proposed by Marijan and Gotlieb [31] pro-
vides a framework to structure and operationalize industry-academia research col-
laborations. The model suggests a structured process for initiating, implementing,
and evaluating collaborations, focusing on goal definition, partner selection, col-
laboration design, and performance evaluation. The Certus Model aims to enable
productive collaboration between industry and academia, generating high-quality
research and fostering innovation.

Garousi et al. [20] presented a generic process view of industry-academia col-
laboration that includes four phases. The first phase, inception, focuses on team
building and topic selection. The second phase, planning, involves defining the
goal, scope, and expectations of the collaboration. The third phase, operational,
comprises running, controlling, and monitoring the collaborative project. The fi-
nal phase, transition, centers on technology and knowledge transfer, as well as the
impact of the collaboration. It is important to note that this process view is not a
model of collaboration per se but can be used to describe collaborative projects.

Table 2: Comparison of Industry-Academia Collaboration Models

Model & Fo-
cus

Characteristics Stages Key Activities

Technology
transfer [23]

Transfer of re-
search results to
industry

3 stages: initiation,
negotiation, and im-
plementation

Identification of
research results,
engagement with
industry, and transfer
of results

Knowledge
translation [2]

Facilitating
knowledge ex-
change between
academia and
industry

4 stages: knowledge
creation, dissemina-
tion, adoption, and
implementation

Identification of
knowledge gaps,
knowledge transfer,
adoption of knowl-
edge, and integration
of knowledge

Continued on next page
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Table 2 – continued from previous page
Model & Fo-
cus

Characteristics Stages Key Activities

Continuous
and col-
laborative
technology
transfer [34]

Continuous
exchange of
knowledge and
collaboration

3 stages: alignment,
collaboration, and
evaluation

Co-creation of
knowledge, contin-
uous collaboration,
and evaluation

4+1 View
Model [44]

Viewpoints and
perspectives
to facilitate
collaboration

5 viewpoints: pro-
cess, data, logic,
physical, and scenar-
ios

Collaboration on
process, data, logic,
physical, and scenar-
ios

CERTUS
model [31]

Collaboration in
software engi-
neering research

3 stages: joint fram-
ing, joint research,
and joint knowledge
utilization

Mutual understand-
ing, co-creation of
research, and knowl-
edge utilization

Generic pro-
cess [20]

Describing
collaborative
projects

4 phases: inception,
planning, opera-
tional, and transition

Team building, goal
definition, running
and monitoring,
technology transfer
and impact

3.2 EBSE and Secondary Studies

In response to the gap between research and practice in software engineering,
evidence-based software engineering (EBSE) has been proposed as a systematic
approach to bridge the divide. The purpose of EBSE is to inform decision-making
in software engineering practice by incorporating the best available evidence, en-
suring that solutions are grounded in rigorous research findings. EBSE involves
five steps: (1) converting the need for information into an answerable question,
(2) tracking down the best available evidence, (3) critically appraising the evi-
dence for validity, impact, and applicability, (4) integrating the appraisal with soft-
ware engineering expertise and stakeholder values, and (5) evaluating the decision-
making process [12, 27]. This process emphasizes the importance of evidence-
based decision-making in software engineering practice, allowing for the develop-
ment of customized solutions that consider the unique context of software engi-
neering practice.

EBSE uses secondary studies to synthesize evidence from primary studies and
inform software engineering practice. However, accessing and synthesizing evi-
dence from primary studies is time-consuming and labor-intensive [32]. Secondary
studies are a valuable tool in EBSE, providing a systematic approach to synthesiz-
ing existing research and identifying gaps in current knowledge. Secondary studies
enable informed decision-making and help bridge the gap between research and
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practice by providing practitioners with a comprehensive and up-to-date under-
standing of a topic. These studies can make research results more accessible and
understandable to practitioners, facilitating the integration of research evidence
into software engineering practice.

Systematic literature reviews are one of the most common forms of secondary
studies in software engineering research [26]. Systematic literature reviews involve
a rigorous and systematic process of searching, selecting, and analyzing primary
studies’ evidence to answer a research question. This process consists in defin-
ing the research question, identifying relevant studies, selecting studies based on
inclusion and exclusion criteria, assessing study quality, and synthesizing the ev-
idence [25]. The goal of SLRs is to provide a comprehensive and unbiased sum-
mary of the evidence on a specific topic.

Systematic mapping studies are another form of secondary studies used in soft-
ware engineering research [40]. Mapping studies aim to provide an overview of
the research landscape and identify research gaps in a specific field. They involve
a systematic process of identifying, selecting, and categorizing primary studies
based on predefined inclusion and exclusion criteria [38]. The output of mapping
studies is an overview of the research landscape, which can be used to identify
areas of research saturation and research gaps.

Rapid reviews are a newer type of secondary study that aims to provide a timely
and pragmatic synthesis of evidence [8]. Rapid reviews involve a streamlined pro-
cess of identifying and summarizing the evidence on a specific topic. They may
involve a reduced search scope, inclusion criteria, and appraisal process compared
to systematic literature reviews and mapping studies. Rapid reviews may be useful
when a timely synthesis of evidence is needed, and resources are limited.

Multivocal literature reviews are another form of secondary study that aims to
include non-peer-reviewed sources of evidence, such as reports, conference pro-
ceedings, and technical papers [18]. These reviews involve a process of searching,
selecting, and analyzing grey literature sources to answer a research question. Mul-
tivocal literature reviews are helpful when the relevant evidence is not published
in peer-reviewed journals.

The choice of secondary study depends on the research question, the avail-
able resources, and the timeline for completion. Systematic literature reviews and
mapping studies are suitable when a comprehensive and unbiased summary of the
evidence is needed. At the same time, rapid reviews and multivocal literature re-
views are helpful when time and resources are limited or when non-peer-reviewed
sources of evidence are relevant.

Some researchers in software engineering have dedicated efforts to improve the
quality and rigor of secondary studies. These efforts include developing guidelines
on how to perform snowballing [50], how to perform quality assessment [47, 51],
when to update secondary studies [33], and providing tools that make the search
and selection of studies easier [16].
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4 Summary of Results

This section summarizes the results of the papers included in this thesis.

4.1 Paper I

Title: A case study of industry–academia communication in a joint software engi-
neering research project

This study aimed to identify the factors that facilitate communication between
researchers and practitioners. We conducted this case study as part of the evalu-
ation of the EASE research program1. We considered every time a researcher or
practitioner communicated with the other party during the project as a communica-
tion instance. For each communication instance, we identified the communication
parties, the content, and the context in which the communication occurred. As part
of the analysis, we identified common characteristics of the communication con-
text that promoted communication. Similarly, we identified project outcomes that
were promoted by communication. The communication between researchers and
practitioners occurred in three main contexts: the industry-academia environment,
project-related meetings, and individual studies.

The study found that five main facilitators promoted communication: research
relevance, practitioner’s attitude towards research, active practitioner involvement,
frequency of communication, and long-term collaboration. Long-term collabo-
ration was identified as a significant facilitator of industry-academia communi-
cation in the industry-academia environment, leading to the expansion of social
networks, new studies, and mutual learning between researchers and practition-
ers. In addition, communication in the social environment within the long-term
research partnership stimulated knowledge exchange, promoting further and im-
proved industry-academia collaboration, e.g. through new projects and joint su-
pervision of MSc projects.

In the context of project-related meetings, the study found that the frequency
and style of meetings and the active involvement of practitioners played a crucial
role in promoting IA communication. Project meetings were a crucial context for
IA communication, leading to good collaboration, jointly detailing and agreeing
on the research direction, and initiating new research studies.

The third category of communication contexts that the study identified was
individual studies. Two main types of individual studies were identified in the re-
search project, which were industrial MSc projects and research studies. The in-
dustrial MSc projects were under the supervision of researchers and were related
to the research project. The research studies, on the other hand, were conducted
by researchers and were relevant to the research project. The communication that

1The Industrial Excellence Centre for Embedded Applications Software Engineering was active
between 2008-2018
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occurred in the individual studies was primarily related to the supervision of indus-
trial MSc projects. The researchers and industrial supervisors involved in the MSc
projects communicated about the research direction and the outcomes. This con-
text was found to be mainly related to the supervision of industrial MSc projects,
with the communication focusing on the research direction and outcomes.

Table 3 summarizes the facilitators and outcomes identified in the study.

Table 3: Facilitators and outcomes of industry-academia communication
Facilitator Description Outcomes
Research rele-
vance

Ensuring research is relevant
to industry needs

New knowledge, changes in
practice, social networks

Practitioner
attitude
towards re-
search

Positive attitude towards re-
search among industry part-
ners

Good IA collaboration, new
scientific venues

Active prac-
titioner
involvement

Active involvement of in-
dustry partners in research
project

New knowledge, changes in
practice, social networks

Frequency of
communica-
tion

Regular and frequent com-
munication between resear-
chers and practitioners

Good IA collaboration, new
scientific venues

Long-term
collaboration

Long-term research partner-
ship between academia and
industry

New knowledge, changes
in practice, social networks,
new scientific venues

Overall, the study provides insights into the importance of effective commu-
nication between researchers and practitioners and how it can be facilitated in the
context of a software testing project. The findings can be valuable for future re-
search and practice in promoting effective industry-academia collaboration.

4.2 Paper II

Title: Industry-Academia Collaborations in Software Engineering: Identifying Chal-
lenges and Strategies from Ph.D. Students’ Experience

Paper II aimed to explore the challenges that Ph.D. students faced when col-
laborating with practitioners in industry-academia collaborations. The study pre-
sented a total of 58 challenges, which were categorized into 13 categories. These
challenges were identified through a literature review and complemented with sug-
gestions from the authors. To collect data, we used a questionnaire in which re-
spondents were asked if they had experienced or observed each challenge and the
level of impact it had on the collaboration. We received 12 responses, which helped
us identify the most impactful challenges and those not experienced or observed
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by Ph.D. students. Additionally, from the open questions, we identified strategies
that could be used to overcome the difficulties.

The top five challenges with the highest impact were:

1. Researchers focus on long-term thinking, while practitioners prioritize short-
term goals.

2. Researchers struggle to move from research prototypes to production-ready
solutions.

3. Practitioners have little interest in participating in collaborative research
projects

4. Researchers face problems contacting the right practitioners in the organi-
zation.

5. Practitioners take a long time to respond to researchers.

The challenges that were not experienced or observed as having a medium or
high impact by any Ph.D. student were:

1. Practitioners do not value qualitative research.

2. Practitioners see academic research as a waste of time since it does not apply
to business.

3. Research is not relevant to practitioners.

4. Researchers and practitioners do not speak the same language, e.g., Swedish
and English.

5. Issues with digital tools, e.g., slow internet connection, unstable connection,
lack of audio/video

For a complete list of challenges and the strategies to overcome them, please
refer to Paper II. These findings highlight the diverse range of challenges faced
by Ph.D. students in industry-academia collaborations, with some challenges hav-
ing a high impact on the collaboration. In contrast, others were not observed or
experienced by Ph.D. students. Both researchers and practitioners can use this in-
formation to anticipate potential issues and consider the strategies to address them
effectively, ultimately enhancing the collaboration between academia and industry.

4.3 Paper III
Title: A taxonomy for improving industry-academia communication in IoT vulner-
ability management

In this study, our goal was to evaluate SERP-taxonomies as a strategy for sup-
porting industry-academia communication and collaboration, specifically in the
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context of IoT vulnerability management. This was important due to the emergent
nature of IoT and the lack of standards, which can cause fragmentation in the field.

We built upon the SERP architecture [13], previously used to support commu-
nication in software testing, and applied it to the development of a taxonomy called
SERP-MENTION. The development process involved multiple steps, including a
review of existing taxonomies, interviews with industry and academia representa-
tives, and a workshop to identify challenges and solutions related to IoT vulner-
ability management. This enabled identifying and refining the key categories and
entities needed for the taxonomy.

The results of the study showed that SERP-MENTION was perceived as valu-
able by potential users for describing and communicating research outputs and
practical challenges in software vulnerability management. The taxonomy was
also found to be useful for describing challenges and solutions in IoT vulnerability
management by the project participants. Additionally, the taxonomy showed the
potential to impact collaboration by linking challenges from industry to solutions
in academia and vice versa.

Overall, the study highlighted the importance of developing taxonomies to sup-
port communication and collaboration in emergent fields like IoT vulnerability
management. By providing a shared technical language, taxonomies like SERP-
MENTION can help to bridge the gap between industry and academia, enabling
more precise and unified descriptions of practical challenges and research out-
comes.

4.4 Paper IV

Title: Guidelines for conducting interactive rapid reviews in software engineer-
ing–from a focus on technology transfer to knowledge exchange

Paper IV presents a set of guidelines for conducting interactive rapid reviews in
software engineering. The objective is to facilitate knowledge exchange between
researchers and practitioners. The guidelines are based on a literature review of
rapid reviews and stakeholder engagement in medicine, as well as the authors’
experience using secondary studies in software engineering. The proposed method
emphasizes close collaboration between researchers and practitioners, allowing for
an agile literature review process.

The interactive rapid review method consists of five main steps: (1) prepara-
tion, (2) involvement, (3) search, (4) analysis, and (5) dissemination. In the prepa-
ration step, the research questions and criteria are defined, and the involvement
of practitioners is negotiated. In the involvement step, the practitioners contribute
their knowledge and expertise to refine the research questions and provide context.
In the search step, shortcuts are applied to speed up the process, and strict exclu-
sion criteria are set to limit the number of papers. In the analysis step, the data is
extracted and synthesized using narrative synthesis. Finally, in the dissemination
step, the results are presented in a practitioner-friendly format, agreed upon with
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the practitioners, who may also present or co-present the results. The interactive
rapid review method aims to facilitate knowledge exchange by involving practi-
tioners in the review process and streamlining the review process.

4.5 Paper V

Title: Exploring ML testing in practice: lessons learned from an interactive rapid
review with axis communications

Paper V aimed to establish a common view of the problem domain in ma-
chine learning testing by initiating collaboration between industry and academia.
To achieve this, the authors applied an interactive rapid review of the state of the
art, involving four researchers from Lund University and RISE Research Institutes
and four practitioners from Axis Communications. In addition, the SERP taxon-
omy architecture was used to guide the alignment of terminology and interests
within the review team, resulting in a helpful taxonomy for communication.

The study utilized the IRR approach to trigger and align communication be-
tween different stakeholders, identify and describe current challenges in the case
context, and rank them by their perceived importance for the target organizational
unit within the case company. An in-depth analysis of the 35 primary studies that
matched the most important review question, "How to test the dataset?", was con-
ducted. Nine technological rules on data testing, extracted from five papers, were
identified and discussed.

Overall, the study demonstrated how IRR and SERP could support communi-
cation and collaboration between industry and academia in ML testing. The study
allowed the stakeholders to establish a standard view of the problem domain, align
their terminology, and identify and prioritize relevant research questions. These
results could pave the way for future joint projects and collaborations.

4.6 Paper VI

Title: Experiences from conducting interactive rapid reviews – two industrial cases
The paper presents two case studies that applied the method of IRRs to promote

knowledge exchange between researchers and practitioners in software engineer-
ing. Case Study 1, named Case-SoftSelection, focused on the selection of software
components and involved one researcher and one practitioner. The search was per-
formed using keywords in the search engine Scopus. The researchers found crite-
ria for software selection from the literature and developed a preliminary model
for software component selection by exchanging and discussing with the practi-
tioner. Case Study 2, named Case-MLTest, involved four practitioners and four
researchers and explored machine learning testing. The researchers used a set of
systematic literature reviews as initial input and analyzed the studies included in
the secondary studies. A SERP taxonomy was used in the analysis, and a set of
matches between problems and solutions were identified.
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The benefits of conducting IRRs were analyzed and classified into four cat-
egories: mutual learning, an overview of the field, usage of research, and future
collaboration. The mutual understanding, the co-creation of knowledge, and re-
searchers learning from an industrial context were some of the benefits found in
the mutual learning category. The overview of the field was another benefit for the
researchers to understand the industrial perspective of the problem they investi-
gated. Usage of the results of the review was found to be positive in providing an
understanding of the research state of the art, identifying research literature, and
finding relevant solutions. Finally, IRRs helped develop networks for future col-
laborations, where researchers and practitioners formed new relationships and had
ideas for future collaboration projects.

In Case-SoftSelection, the motivation was to explore ways to collaborate with
academia and assess its feasibility. In contrast, in Case-MLTest, the motivation
was to understand the industry practice and network with practitioners in the field.
Both IRRs had a positive impact on the participants, including new networks, new
knowledge, and new ideas for future collaboration projects. Overall, the IRR ap-
proach seemed to be a way for researchers and practitioners to collaborate and
work on specific problems while looking at the horizon for future collaborative
work.

5 Contributions

This section presents the contributions of this thesis organized according to the re-
search questions. Figure 2 visually represents the contributions, with each research
question corresponding to one distinct contribution. We have summarized a take-
away for each contribution corresponding to the main point or recommendations.

RG1

RG2

RQ1.1

RQ1.2

RQ1.3

RQ2.1

RQ2.2

RQ2.3

TA1.1

TA1.2

TA1.3

TA2.1

TA2.2

TA2.3

Figure 2: Overview of thesis contributions
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5.1 Goal 1

The first goal is to delve into the challenges associated with industry-academia
collaboration in software engineering, specifically focusing on understanding and
improving communication between researchers and practitioners. Then, to effec-
tively highlight the contributions of this research, we will present them in relation
to the research questions that have guided this thesis.

RQ1.1 What are the key challenges researchers and practitioners face
when collaborating on industry-academia projects in software engi-
neering?

Paper II includes a selection of 13 challenges that were identified in the literature
review and completed with the author’s experience in industry-academia collabo-
rations. The challenges can be classified into three categories (1) challenges related
to communication distances between researchers and practitioners; (2) challenges
related to people; and (3) challenges related to the research work.

• Communication distances: CH1 geographical distance, CH2 time available
for communication, CH3 differences in values, social norms, and culture,
CH4 organizational differences, CH5 different time horizons, CH6 commu-
nication tools

• People: CH7 availability and accessibility, CH8 motivation and willingness
to exchange, CH9 differences in knowledge and skills, CH10 beliefs and
expectations,

• Research work: CH11 terminology and language, CH12 research relevance,
and CH13 maturity of research.

Table 4 shows in which papers there is also a reference to each challenge.
In Paper I, five factors were identified that facilitate communication between

researchers and practitioners. We can map how these factors are related to the
challenges in Table 4. Firstly, the relevance of the research is directly related to
the challenge of research relevance (CH12). In that study, it was observed that
the involvement of industry at the management level and in the research studies
boosted the relevance of the research. Active involvement and a positive attitude
of practitioners were also identified as positive factors. The direct application of
some outcomes kept the motivation of the practitioners (CH8) as they saw the value
of working with the researchers. Similarly, having the collaboration program as a
framework made it easier to find the right people to communicate (CH7) with and
start new projects, reducing the organizational friction that could emerge without
a framework (CH4). The frequency and communication style during the meetings
were also identified as factors that facilitate communication since people were
available (CH2) and resources were allocated to the collaboration program.
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Table 4: Challenges and their Presence in the Papers
Challenge PI PII PIII PIV PV PVI
CH1: Geographical distance X
CH2: Time available for communication X X
CH3: Differences in values, social norms, and culture X X
CH4: Organizational differences X X X
CH5: Different time horizons X
CH6: Communication tools X
CH7: Availability and accessibility X X
CH8: Motivation and willingness to exchange X X
CH9: Differences in knowledge and skills X
CH10: Beliefs and expectations X X
CH11: Terminology and language X X X
CH12: Research relevance X X X
CH13: Maturity of research X X X

Paper II surveyed participants on their experiences collaborating with indus-
try and found that all challenges except CH6 were mentioned as having a low,
medium, or high impact on collaboration. The survey results indicate that these
challenges are potential problems that could arise in industry-academia collabora-
tions.

Paper III mainly addresses the challenge of terminology (CH11) in emerging
domains, where many approaches are being proposed and terminology is not well
defined due to the lack of standards. The study aimed to address this challenge by
describing challenges and research outcomes in a common language and linking
them to bridge gaps and make research more relevant (CH12) and ensure that the
outcomes solve the challenges (CH13).

In Paper IV, the proposed IRR aims to address the challenge of the research
practice gap (CH12) by bringing together researchers and practitioners to discuss
the research problem and its outcomes. While there are no further challenges ex-
plicitly addressed in this paper, Papers V and VI demonstrate that the IRR method
can be used to address other challenges in industry-academia collaborations.

In paper V, a key challenge was the maturity of research (CH13). Since data
testing for computer vision is a new field, the research is still in its early stages.
The review team was aware of the terminology differences (CH11) and then it was
not a challenge when conducting the review.

Paper VI identified challenges related to conducting IRRs, including roles and
responsibilities (CH4, CH6), the lack of available research results (CH13), and
time constraints (CH2).

The 13 category challenges examined in Papers II offer a wide perspective on
various aspects that can influence industry-academia collaborations. As explored
in other papers, these challenges can be addressed by implementing proposed so-
lutions. Our primary contribution to research question RQ1.1 is the recognition of
13 challenges, which can be categorized into three distinct groups: communication
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distances, people, and research work. By acknowledging these challenges, resear-
chers and practitioners can better prepare to address potential issues, improving
communication and collaboration within industry-academia projects.

TA1.1

To enhance communication and collaboration within industry-academia
collaborations, researchers and practitioners must recognize the potential
challenges that can emerge in such partnerships.

RQ1.2: What factors influence communication and collaboration be-
tween researchers and practitioners in industry-academia collabora-
tions in software engineering?

Various factors facilitate collaboration between researchers and practitioners in
industry-academia projects, as outlined in Table 3. These factors can lead to posi-
tive outcomes, such as new knowledge generation, changes in practice, expanding
social networks, and the development of new scientific venues.

For successful collaboration, it is crucial to align research with industry needs
(Research relevance). Fostering a positive attitude toward research among industry
partners (Practitioner attitude towards research) is also vital for effective collabo-
ration. Encouraging active involvement of industry partners in research projects
(Active practitioner involvement) and maintaining regular, frequent communica-
tion between researchers and practitioners (Frequency of communication) are ad-
ditional key facilitators. Long-term research partnerships between academia and
industry (Long-term collaboration) can further contribute to successful outcomes.

Considering the factors identified in Table 3, researchers and practitioners
should focus on establishing solid relationships, ensuring research relevance, ac-
tively involving industry partners, and promoting regular communication. More-
over, cultivating long-term partnerships is essential for achieving successful out-
comes.

TA1.2

To ensure effective collaboration in industry-academia projects, prioritize
research relevance, establish strong relationships, encourage the active in-
volvement of industry partners, maintain regular communication, and cul-
tivate long-term partnerships.
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RQ1.3 How do Ph.D. students in software engineering experience and
overcome challenges in industry-academia collaborations?

Ph.D. students and other junior researchers often face challenges collaborating
with industry partners. Based on a survey of Ph.D. students, we have found various
strategies to address these challenges, which can be found in Paper II. These strate-
gies offer valuable insights and tips for junior researchers, Ph.D. supervisors and
enhance collaboration with industry partners by adapting to each project’s specific
needs and requirements. In addition, the strategies identified in the study can guide
Ph.D. students to improve their collaboration, including relationship building, ef-
fective communication of research goals and outcomes, and overcoming obstacles
inherent in industry-academia collaborations. In conclusion, engaging with indus-
try partners can present challenges but also serves as an invaluable learning expe-
rience for Ph.D. students in software engineering. We believe that by cultivating
effective communication and collaboration skills, Ph.D. students can contribute to
their research area, forge meaningful professional relationships, and acquire vital
skills for their future careers.

TA1.3

To address communication and collaboration challenges with industry
partners, adopt the strategies outlined in Paper II.

5.2 Goal 2
The second goal is to develop and assess strategies to enhance communication and
collaboration in software engineering, particularly within the context of industry-
academia partnerships. To effectively showcase the contributions of this goal, we
will present them in connection with the research questions that have guided this
thesis.

RQ2.1 How effective is the SERP-taxonomy approach in supporting
communication about practical challenges and research results in
software engineering?

In Paper III, we developed SERP-MENTION to support communication between
industry and academia in IoT software vulnerability management. The develop-
ment process included reviewing existing taxonomies, conducting interviews with
representatives from both industry and academia and holding a workshop to iden-
tify challenges and solutions. The study revealed that potential users perceived
the SERP-MENTION taxonomy as valuable and showed promise in connecting
industry challenges with academic solutions.

The researchers in Paper V utilized the interactive rapid review approach and
employed the SERP taxonomy architecture to establish a common perspective
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among the researchers while investigating academic research on testing machine
learning systems. This approach enabled researchers to harmonize their terminol-
ogy, categorize research findings, and identify and prioritize pertinent research
questions. The SERP framework was useful for navigating research results, famil-
iarizing researchers with the data, and guiding terminology alignment within the
team.

Though the primary focus of both studies was not the development of SERP
taxonomies, they both demonstrated the potential of using SERP to support com-
munication and collaboration between industry and academia in emerging fields
such as IoT vulnerability management and machine learning testing. By offering a
shared technical language, taxonomies like SERP-MENTION can help bridge the
gap between industry and academia, enabling more accurate and cohesive descrip-
tions of practical challenges and research outcomes.

TA2.1

To enhance mutual understanding and align research results with practi-
tioners’ challenges in industry-academia collaborations, researchers can
develop taxonomies following the SERP architecture.

RQ2.2: How can interactive rapid reviews support communication and
collaboration between researchers and practitioners in industry-academia
collaborations in software engineering?

Based on Papers V and VI, IRRs might be a valuable approach to enhance com-
munication and collaboration between researchers and practitioners in industry-
academia collaborations by encouraging knowledge exchange, fostering a shared
understanding of the problem domain, aligning terminology, identifying relevant
research questions, and paving the way for future collaborations. IRRs involve it-
erative, interactive, and collaborative work between researchers and practitioners
to formulate research questions, identify inclusion/exclusion criteria, perform key-
word searches to identify relevant primary studies, analyze primary studies to de-
velop preliminary models or problem-solution matches, and disseminate findings
to practitioners. The potential of IRRs in promoting dialogue and collaboration
was illustrated in the case studies, which led to new projects, master thesis pro-
posals, and collaborations between researchers and practitioners. Some scenarios
where IRRs might be beneficial include:

• Exploring emergent fields: IRRs could be used to establish a common under-
standing of an emergent field, where there may be limited existing research
or fragmented information. For example, as shown in Paper V, IRRs can be
used to explore the challenges and solutions in machine learning testing.
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• Bridging the gap between industry and academia: IRRs could help bridge
the gap between industry and academia by aligning terminology, promoting
mutual learning, and providing an overview of the field from both perspec-
tives. This can facilitate communication and collaboration between the two
groups, as demonstrated in Paper VI.

• Developing preliminary models: IRRs could be used to develop prelimi-
nary models or problem-solution matches based on the analysis of primary
studies. This can help both researchers and practitioners to understand the
current state of the art and identify gaps that need to be addressed.

• Prioritizing research questions: IRRs could be used to prioritize relevant
research questions by analyzing the primary studies identified through key-
word searches. This can ensure that future research is focused on the most
pressing issues and can benefit both researchers and practitioners.

• Evaluating the usage of research: IRRs could be used to evaluate the us-
age of research by identifying and disseminating relevant primary studies
to practitioners. This can help to improve industry practices and can also
benefit researchers by ensuring that their work is being applied in the real
world.

As a practical approach, IRRs might be a useful method for establishing commu-
nication and collaboration between researchers and practitioners, especially when
exploring emergent fields in industry-academia collaborations.

TA2.2

To potentially improve communication and collaboration when exploring
an emergent field, consider conducting interactive rapid reviews.

RQ2.3: What are the benefits and challenges of using interactive rapid
reviews (IRRs) in industry-academia collaborations in software engi-
neering?

Benefits of using (IRRs) in industry-academia collaborations, as shown in Papers
V and VI, include improved communication and collaboration between researchers
and practitioners, promoting knowledge exchange, creating a shared understand-
ing of the problem domain, aligning terminology, identifying relevant research
questions, and paving the way for future collaborations. IRRs also offer a quick
and efficient way to identify relevant primary studies and analyze them to develop
preliminary models or problem-solution matches, providing both researchers and
practitioners with a better understanding of the current state of the art and potential
gaps that need to be addressed.
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However, there are also challenges associated with using IRRs in industry-
academia collaborations. These include challenges related to roles and responsi-
bilities, such as researchers and practitioners needing to know their duties. Other
challenges include the need for results matching the needs and expectations of the
review team and issues related to the timeliness of the reviews.

From the two cases analyzed in paper VI, we identified recommendations to
improve the effectiveness of IRRs in industry-academia collaborations (See Table
2 in Paper VI). These include clarifying roles and responsibilities at the outset of
the collaboration, providing clear guidelines on the IRR process and expectations,
and setting realistic timelines for the review. It is also important to ensure that the
IRR team has the necessary skills and expertise to conduct the review effectively
and that a clear communication plan is in place to facilitate dialogue between re-
searchers and practitioners throughout the process.

TA2.3

To improve the effectiveness of interactive rapid reviews in industry-
academia collaborations, clarify roles and responsibilities, provide clear
guidelines and expectations, set realistic timelines, ensure the necessary
skills and expertise, and establish a clear communication plan.

6 Threats to Validity

In this section, we discuss the threats to the validity of the thesis from a broader
perspective, considering the four types of validity [43] construct, internal, external
(generalizability), and reliability.

6.1 Construct Validity

Construct validity refers to the degree to which a research study operationalizes
the concepts it intends to study.

The definition of communication and collaboration concepts may create threats
since their use varies across disciplines and contexts. To minimize this threat, we
shared the terminology we used with the participants to ensure a common under-
standing of the concepts and mitigate potential misunderstandings or misinterpre-
tations.

Regarding the challenges investigated in this thesis, they may not capture all
the nuances and complexities associated with communication and collaboration.
To address this threat, we surveyed continuously the literature to identify chal-
lenges and contrasted them with the researcher’s experience working in industry-
academia collaborations. It is important to note that the studies were conducted in
Sweden, which may limit the generalizability of the findings. We also ensured to
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make complete descriptions to researchers and practitioners when we present the
challenges and strategies in the data collection phase.

Another aspect of construct validity that we have considered is the measure-
ment and results interpretation. The methods we used to evaluate the proposed
strategies, like IRR and SERP taxonomy, may be subject to bias and error. To
mitigate this threat, we used triangulation in several instances, such as in Paper I,
where we surveyed a broader group of practitioners to confirm our findings in the
case study. Furthermore, in Papers I, III and VI, we asked the participants to vali-
date the results section in the manuscripts to ensure that the results were correctly
interpreted. Finally, peer review of the analysis was a common practice in all the
papers to maintain the quality and rigor of our research.

6.2 Internal Validity

Internal validity concerns the extent to which the results of a study can be attributed
to the intervention or treatment rather than to other factors. To address selection
bias, we conducted multiple case studies using a wide range of cases of industry-
academia collaborations, such as software vulnerability management (Paper III),
software component selection (Paper VI), and testing machine learning (Papers
V,VI). We also considered various sizes of collaborations, from small groups of
researchers to large collaborations, and studied collaborations at different phases,
from inception to finalization.

To minimize the influence of researchers in the data collection, we tried to keep
one author responsible for the meta-perspective and other authors more involved
in applying the strategies like in Paper V. This approach allowed us to maintain
a balance between the researchers’ involvement and the accuracy of the data col-
lected.

6.3 External Validity

External validity, also known as generalizability, refers to the extent to which the
results of a study can be generalized to other contexts. In this thesis, we have
considered external validity by conducting literature reviews to capture a broader
perspective of the challenges and to further study the challenges identified in the
case studies. This allowed us to maintain a comprehensive view that could be inter-
esting for a larger audience and focus on the challenges that were more relevant to
the case studies. For example, in Paper II, we investigated the challenges faced by
Ph.D. students when collaborating with practitioners in industry-academia collab-
orations in software engineering, identifying impactful challenges and strategies
to overcome them.

We acknowledge that cultural factors in the environment where the collabora-
tions take place may have influenced the generalizability of the results. To mitigate
this threat, we have included a discussion of the limitations of the case studies in
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the papers. For example, in Paper IV, we introduce a set of guidelines for con-
ducting interactive rapid reviews in software engineering to facilitate knowledge
exchange between researchers and practitioners, emphasizing the importance of
considering the specific context and limitations when applying the guidelines.

To improve the transferability of the results, we included detailed descriptions
of the methods and how they were applied in the papers. In both SERP taxonomies
and IRRs, we described the approaches as flexible and capable of being tailored to
specific contexts. For instance, in Paper III, we describe the steps to build SERP-
MENTION, in Paper IV, we describe the details of the IRR process, and in Paper
V, we describe the details of conducting IRR. By providing a detailed description
of the methodology, we aimed to make the taxonomy adaptable to other contexts.

6.4 Reliability

Reliability refers to the consistency and stability of the research findings when
replicated under similar conditions. To address the threats to reliability, such as
researcher bias and the influence of researchers in the data collection, we used
peer review in critical steps of the research process. For example, the interviews
in Paper VI were coded by one author and then reviewed by another author to
ensure the accuracy of the results. Similarly, other critical steps in the analysis were
reviewed by other researchers to ensure the quality of the results. Additionally,
we used triangulation to validate the results, for instance, in Paper VI, where we
presented two case studies that applied IRR, we also had access to the project
documents and the results of the IRRs.

7 Future Work

While this thesis has provided insights into the challenges and benefits of industry-
academia collaborations and proposed strategies to improve communication and
collaboration, it opens up several avenues for future research. In this section, we
outline potential directions for future research that could build upon the findings
of this thesis and extend the knowledge and impact of industry-academia collabo-
rations.

Organizational factors in industry-academia collaboration: Future research
should investigate the influence of different types of organizations, such as star-
tups, small and medium enterprises (SMEs), consulting firms, software companies,
universities, and research institutes, on the success of industry-academia collabora-
tions. By examining these factors, researchers can identify specific conditions and
characteristics that promote or hinder collaboration. FRQ1: What organizational
factors influence industry-academia collaborations?

Challenges in industry-academia collaboration across different regional
contexts: This thesis has explored the challenges and benefits of industry-academia
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collaboration based on existing literature and case studies in Sweden. Future re-
search could investigate how these challenges are experienced in other regional
and cultural contexts and if the strategies proposed in this thesis apply to other
regional contexts where cultural factors may influence collaboration. FRQ2: How
are challenges in industry-academia collaborations experienced in other regional
contexts?

Synergies between industry and academia to influence teaching: One in-
teresting area of research involves exploring the synergies between industry and
academia in shaping teaching and curricula. By aligning curricula, courses, and
materials with the needs of the industry, academic institutions can ensure that grad-
uates possess the necessary skills and knowledge to succeed in their chosen fields,
creating a win-win situation for both parties. FRQ3: How can synergies be devel-
oped between industry and academia to influence teaching?

Interactive Rapid Reviews (IRRs) to enhance industry-academia collabo-
rations: The potential of IRRs to close gaps between industry and academia has
been demonstrated in this thesis, but more IRRs should be conducted to under-
stand their benefits better and suggest recommendations for improving their effec-
tiveness in industry-academia collaborations. Some scenarios where IRRs can be
utilized include 1) capturing practitioners’ insights before conducting a systematic
literature review, 2) incorporating IRRs into academic courses to familiarize future
practitioners with academic research, and 3) using IRRs at the beginning of Ph.D.
projects to become acquainted with state of the art. FRQ4: What can we learn from
conducting more IRRs in industry-academia collaborations?

8 Conclusion

This research addressed the challenges and benefits of industry-academia collabo-
rations and proposed strategies to improve communication and collaboration. The
research identified a range of challenges that can affect the success of such col-
laborations, including time constraints, differences in knowledge and skills, and
communication barriers related to values, social norms, and culture, among oth-
ers. The thesis proposes strategies like developing SERP taxonomies and con-
ducting interactive rapid reviews to build stronger bridges between industry and
academia. These strategies foster mutual understanding, facilitate identifying rel-
evant research questions, and promote knowledge exchange.

Part of the research outcomes includes factors that positively influence commu-
nication in industry-academia collaborations. These factors include establishing a
good relationship between researchers and practitioners, prioritizing regular com-
munication, ensuring the active involvement of industry partners, and establishing
long-term partnerships. Additionally, the research has pinpointed success factors
that can positively influence communication, such as being aware of the roles and
responsibilities of each party and setting realistic timelines.
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This thesis offers insights into industry-academia collaborations’ challenges
and benefits and proposes strategies to improve communication and collaboration.
Moreover, the findings can guide researchers and practitioners in establishing ef-
fective partnerships and generating research outcomes that are impactful and rele-
vant to software engineering practice.
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Abstract

Empirical software engineering research relies on good communication with in-
dustrial partners. Conducting joint research both requires and contributes to bridg-
ing the communication gap between industry and academia in software engineer-
ing. This study aims to explore communication between the two parties in such a
setting. To better understand what facilitates good industry-academia (IA) commu-
nication and what project outcomes such communication promotes, we performed
a case study, in the context of a long-term IA joint project, followed by a validating
survey among practitioners and researchers with experience of working in similar
settings. We identified five facilitators of IA communication and nine project out-
comes related to this communication. The facilitators concern the relevance of the
research, practitioners’ attitude and involvement in research, frequency of com-
munication and longevity of the collaboration. The project outcomes promoted by
this communication include, for researchers, changes in teaching and new scien-
tific 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 communication. Our study presents empirically-based



40 A CASE STUDY OF INDUSTRY-ACADEMIA COMMUNICATION

insights that can provide advise on how to improve communication in IA research
projects and thus the co-creation of software engineering knowledge that is an-
chored in both practice and research.

1 Introduction

Companies developing software, or software-intensive products and services, con-
stantly strive to acquire software engineering competence to stay competitive. This
involves getting access to people with relevant competence and developing the cur-
rent knowledge within the company. Universities aim to be a source for both as-
pects of competence through graduating software engineers that can be employed
in industry, and by conducting academic research that may add to the existing
knowledge in the industry and contribute to improved industrial practices. Al-
though the interplay between academic research and industry has been recognised
as a way to exchange knowledge and innovate [2], little is known about how to
manage mutual expectations and interaction [31]. Particularly in applied research
disciplines like software engineering, the degree of interaction with industry is ex-
pected to be high as the research cannot be conducted in isolation in a university
lab, but has to be – at least partially – conducted in real-world settings. Joint re-
search projects, therefore, may provide mutual benefits for industry and academia.
While industry gets access to competence, researchers gain insight into and access
to real-world settings for their research [4].

Despite these potential mutual benefits, researchers have identified challenges
in connecting research and practice [15]. The research topics and outcomes need
to be relevant for industry [7,14]. Research results should present practical advice
to software engineering practitioners [25]. The time perspectives and incentives
of industry and academia may be conflicting [34]. Industry and academia have to
develop a symbiotic relationship to bridge the gap between the two parties [4].

Our research goal is to understand, within the context of a joint project between
industry and academia (IA), 1) what factors can facilitate IA communication and
2) what outcomes that IA communication may contribute to. By communication
we refer to the exchange of information between people, including verbal, written
and visual information, and in what context this communication takes place, for
example meetings, reports, and e-mail. Further, we acknowledge that information
is different from knowledge, implying that communication is a means to promote
outcomes of an IA research project, not a goal in itself as could be the case for
exchanging knowledge. However, we hypothesise that communication is indeed
an important factor for IA projects. Further, as engineering researchers, we focus
on the organizational and practical aspects of communication in the context of an
IA collaboration, rather than from a purely communication science perspective.

Researchers and practitioners communicate in different contexts and for dif-
ferent purposes throughout an IA research project [16]. Before officially start-
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ing a project, the discussions are usually focused on selecting the research topic
and building the team. Once the project starts, the participants jointly define the
project plan which may be more or less flexibly defined. During the operation of
the project, two types of communication take place, one is related to the research
work where researchers, for example, collect empirical data, and practitioners get
involved in the research process. Another type of communication concerns the
management and reporting of the project. Finally, the knowledge is encapsulated
in scientific publications and solutions that are disseminated among researchers
and practitioners. By studying the communication between researchers and practi-
tioners, we aim to gain knowledge on how to manage communication in future IA
projects.

In this study, we investigate the following research questions:

RQ1
Can we identify certain conditions, activities, relations, or practices that fa-
cilitate mutual communication between researchers and practitioners?

RQ2
Given IA communication, as observed in RQ1, what outcomes for practi-
tioners and researchers can be identified that are promoted by this IA com-
munication?

The relation between communication and outcomes is complex, probably bi-directional,
and includes many confounding factors embedded in the context. To enable us to
study this complex phenomenon, we chose to conduct a case study of an IA re-
search project to answer these questions. Case study methodology allowed us to
perform “an empirical enquiry that draws on multiple sources of evidence to in-
vestigate one instance ... of a contemporary software engineering phenomenon
[i.e. IA communication] within it’s real-life context... when the boundary between
phenomenon and context cannot be clearly specified” [33].

We explored the characteristics and outcomes of the communication within our
case project, and validated our findings through a survey. As our case, we studied a
3-year project within a 10-year research program including collaboration between
two Swedish universities and local branches of three industrial corporations with
international outreach. Our main data collection consisted of a project retrospec-
tive that was conducted using a time-line based method [5] at the closing stage
of the research program. The retrospective was conducted as a focus group meet-
ing using a time-line as a catalyst for the data collection. The time-line visualised
key events within the project and was prepared before the meeting. The audio
recording from the focus group meeting was transcribed, coded, and thematically
analysed in line with our research questions. Later, the results from the analysis
were validated through a survey with a broader population. The survey was based
on the communication facilitators and related project outcomes identified in the
case study.
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The main contributions of this paper are twofold. Firstly, we explore the role of
IA communication within a joint research project and what characteristics of the
project that facilitated this communication. Secondly, we identify some outcomes
of the IA research project that were promoted by the IA communication within the
project.

We describe related work in Section 2 and our case study in Section 4, in-
cluding the case and research method. Our results from the case study and the
validation survey are presented in Section 5 and discussed in Section 7. Finally,
Section 8 concludes the paper.

2 Background and Related Work

In this section, we present an overview of the research related to our study. Firstly,
we describe some perspectives considered by researchers when analysing IA re-
search. Mainly we are interested in how IA communication has been investigated.
Secondly, we present research findings in software engineering related to IA col-
laboration and the role of communication. We observed that our view of IA com-
munication might be broader than the one adopted by other researchers in the field.
Consequently, we expect that this section contributes to present the IA communi-
cation perspective used in this paper.

Researchers across disciplines have investigated IA research from different
perspectives. One example is a review published by Salter et al. [36], where the
authors investigated the economic impact of public-funded research. The authors
identified six types of contribution to economic growth related to the extension
of useful knowledge, training of graduates, new scientific methods, networks and
social interaction, increased scientific and technological problem solving, and new
companies. Good et al. conducted a literature review from an organisational per-
spective of technology transfer ecosystems [19], i.e. university-affiliated organ-
isations that are involved in technology transfer activities. Specifically, the au-
thors analysed technology transfer offices, science parks, incubators, and univer-
sity venue funds. The authors concluded that those structures have been studied
in isolation and highlighted the need for a holistic approach. In another review,
published by Perkmann and Walsh, the topic is the interaction channels between
industry and academia and the contribution to open innovation [31]. In this re-
view, IA research projects, like the one in our case study, are identified as one
of the connections between industry and academia, namely research partnerships.
Other identified connections are research services, commercialisation of intellec-
tual property rights, and people exchange. Perkmann and Walsh also found that
IA research has mainly been focused on effects and less on how IA research is
performed, which is what our study investigates for the aspect of communication.

Among the research about how industry and academia work together, com-
munication has been identified as an essential factor. Ankrah and Al-Tabbaa [2]
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conducted a systematic review of 109 papers on industry-academia collaboration
across different research disciplines. They present a model to represent IA projects
that covers motivations to collaborate, how the collaboration is formed and oper-
ated, the factors that enhance and inhibit the joint work, and the outcomes. In their
model, communication is mentioned twice. First, as an activity throughout the joint
project. Participants communicate formally or informally by voice, email, video
calls, etc, and by publishing written material such as reports, booklets, newslet-
ters, bulletins, and research papers. Second, as a factor that facilitates or inhibits
the organisational management and, therefore, the joint work. Both these aspects
of communication are included in our study.

Similarly, from a source of 103 papers about industry-academia collaborations,
Rybnicek and Königsgruber [35] recognise the importance of communication as
a factor that influences the relationship. They started their analysis based on the
facilitating factors for IA collaboration identified by Ankrah and Al-Tabbaa [2]
and identified the following facilitating factors of communication. Frequent com-
munication is essential for developing a shared understanding of cultural differ-
ences [21], backgrounds, and interests that may affect communication [26]. Per-
sonal contacts and relationships are vital for developing work networks. These
contacts are important both on the management and operational level. Compa-
nies often select partners based on their expertise and the research reputation of
the institution [11]. Adequate communication channels and regular face-to-face
contact have a positive influence on the relationship [10]. The use of common lan-
guages and mutual understanding also affect IA communication since researchers
and practitioners may use different terminologies [3, 17]. Each partner needs to
be aware of the other partner’s terminology. Cultural differences, e.g., the way of
working, may hinder IA research [8]. Consequently, distances between the part-
ners need to be identified and addressed early on in joint projects [8]. While some
of the factors described above coincide with our findings, we identified some ad-
ditional factors that may foster IA communication.

In software engineering, Garousi et al. [15] conducted a systematic literature
review on IA collaborations, with a final set of 33 primary studies. The authors
identified challenges and best practices in IA collaboration. They adopted the
model proposed by Ankrah and Al-Tabbaa [2] to represent the formation and op-
eration of IA projects. Challenges related to communication were identified in all
project phases. Some of the challenges related to communication included gaps in
time horizon, areas of interest, and responsibilities; difficulties at handling mul-
tiple collaborators; lack of standard terminologies; and low pre-existent networks
before the projects. Following, we briefly mention some examples of best practices
in line with the results of our study. Negotiate and elicit research topics with prac-
titioners before conducting industrial experiments is an example of a best prac-
tice that may increase the trust between the participants and contribute to select
industry-relevant problems [30]. Another example is to have a local champion,
i.e., an engaged practitioner. This brings benefits to the joint project including
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initiating studies faster, access to data, contact with business units and stakehold-
ers [20]. To attract top management support is a best practice that balances the
joint project’s research objectives and brings value to each participant [24]. An-
other best practice is to conduct weekly meetings that may enable practitioners to
more quickly test and give feedback on new ideas [13]. Finally, since innovation
and impact on practice take time, establishing long-term relationships is a good
practice. High-quality and relevant research results tend to be supported by long-
term research, rather than being the result of a short-term research project [23].
An interesting observation from this study is that among the 33 papers included,
17 were by Scandinavian authors (14 by Swedish researchers). For software en-
gineering, this factor may indicate Scandinavian countries’ willingness to develop
IA research and conduct research on this topic in order to further improve it.

In a follow-up study of IA projects, Garousi et al. [16] surveyed 64 respondents
around the world and identified which of the challenges and patterns identified in
their previous study that impacted the projects described by the respondents (101
projects). The authors found a high impact of challenges related to mismatches
between industry and academia, human and organisational challenges and lack
or drop of interest/commitment, and less impact of communication-related chal-
lenges. Notice that for communication challenges, the authors limited their inquiry
to communication channels used during the execution of the project, e.g., problems
with Skype or dealing with several partners. Our view of IA communication goes
beyond communication channels and communication only during the execution of
specific projects. We consider each researcher–practitioner interaction a commu-
nication instance regardless of whether it happens when defining a research topic,
as part of a research study, or when diffusing research results.

Researchers have investigated and proposed several models related to IA re-
search in software engineering. Sandberg et al. [37] presented a relational model
that includes ten principles for managing IA collaborations. The model is based
on research on collaborative practices [28]. Marijan and Gotlieb [27] presented
the Certus model to reflect IA knowledge co-creation. The model relies on the
idea that research needs to be performed jointly by researchers and practitioners,
and that this requires continuous dialogue and alignment between the participants.
Similarly, Mikkonen et al. [29] published a model describing continuous and col-
laborative technology development. Their model supports the idea that innovation
is not developed in academia and transferred to industry. Instead, it is joint research
between industry and academia that leads to innovation. The first two models were
derived from research programs similar to the one in our case study, one in Swe-
den and one in Norway, and the third from a national research program in Finland.
Although these models do not explicitly model IA communication, they model IA
research, which we believe relies on and creates IA communication.

Wohlin et al. [38] surveyed industry and academia representatives in Sweden
and Australia about success factors for IA collaboration in software engineering.
Having support from top management and a champion (contact person) on the
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industrial site were considered the top factors for success, both by industry and
academia respondents. Communication factors were not ranked explicitly (except
for “regular meetings”), but they are inherent in several of the involved factors.

In summary, previous research identifies communication as one important fac-
tor in IA projects. However, there are very few studies explicitly investigating the
role of IA communication.

3 Research Method
The research was conducted in two main phases with a total of eight steps, as visu-
alised in Figure 1. In the first phase, we performed a case study of an IA research
project. In the second phase, we conducted a survey to validate the findings from
this case study. The survey was conducted with a broader set of participants than
those included in the case study.

Case Study
(EASE project)

Survey 
 (Regional organisations)

Prepare retrospective

Retrospectives

Coding

Analysis

Member checking

Prepare survey

Electronic survey

Analysis

Timeline data

Transcripts

Coding scheme,
coded transcripts

Initially validated
facilitating factors

and outcomes

Elaborated
facilitating factors

and outcomes

Project  
Outcomes

Communication 
model

Figure 1: Overview of research method

3.1 Case study
The objective of the case study was to investigate our research questions, i.e. to
identify factors that can facilitate IA communication and outcomes promoted by
such IA communication in a joint project. As our research goal was to investigate
this type of complex phenomenon, where the borderline between the phenomenon
and the context is not clear, we chose to perform a case study since this which
would allow us to study communication in its context [33]. Case study methodol-
ogy is by definition based on studying one, or a small number of instances, where
generalization can not be derived statistically but rather analytically by comparing
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case characteristics and assessing the relevance of the findings for other contexts.
Consequently, case study findings are not focused on quantitative outcomes, but on
the qualitative understanding of a complex phenomenon in its context. Studying a
specific case allows us to gain in-depth insight into IA communication. Our unit
of analysis is a research project, as described in the next Section.

Case Description

The case study was conducted within The Industrial Excellence Centre for Em-
bedded Applications Software Engineering, EASE – a 10-year research program
performed 2008–2018 in close IA collaboration. The program involved two aca-
demic partners and three industrial partners. The partners are all active in Southern
Sweden, within a 2-hour drive. The industrial partners all operate on an interna-
tional market, and the two larger ones are either part of, or owned by, Japanese
multinational corporations. The program budget comprised 10.5 MSEK (≈ 1 MAC
or 10 full-time equivalents) per year, and was jointly funded by industry (50%),
academia (33%), and a national innovation agency (Vinnova) (17%). The overall
goals of the program were threefold:

• availability of competent personnel,

• making results useful for industry, and

• research excellence.

While these goals may be considered contradictory, industrial and academia part-
ners agreed on that they were fully compatible through the conduct of applied
software engineering research, published in highly ranked publication outlets.

The research program included three to four projects in parallel, organised
around different topics in software engineering. A board of directors, composed of
representatives for the funding organisations, made the decisions on which themes
to explore, and the budget for each project. The detailed scope and deliverables
of the projects were defined in an agile manner, focusing on mutually agreed out-
comes over comprehensive documentation. Thus, the project members jointly and
continuously discussed and defined what and how research should be performed
within the project. Within the program, PhD students, postdocs, and faculty were
funded to a varying degree throughout the program. Master of Science (M.Sc.) stu-
dent projects were also executed within the program, although financed by sepa-
rate sources. Decisions about the acceptance of new PhD students into the program
were taken at the program board level, while at the project level, specific research
activities were decided. Parts of the contributions from industrial were in kind,
with company employees working in, and interfacing with the research program.

The researchers involved in the program were active in the fields of software
engineering, software technology, and computer engineering. The majority of the
senior researchers were Swedish natives, as were about half of the PhD student
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while others originated from other European and Asian countries. Industry partic-
ipants were dominantly Swedish, although for two of the partner companies their
corporate language was English, since these companies are international and em-
ploy international staff also in Sweden. Thus, the project internal language of the
studied research program was English, while the communication and management
culture was dominantly Scandinavian.

The collaboration practices during the formation phase of the program are pre-
viously published [32], while we herein focus on a specific project that operated
during the third phase, comprising the last three years of the program. The joint
projects executed during the last three years of the research program had the fol-
lowing themes1:

• A. Configuration and interaction in internet-of-things

• B. Parallel execution for embedded systems using machine learning

• E. Increased efficiency in software development through decision-support in
the testing process

For each of the projects in the program, a reference group was set up with
one or more representatives from each company involved in the specific project.
The reference groups met regularly with the researchers within the project to share
progress reports and discuss the next research steps. Once a year, a two-day con-
ference was held off-site to report progress across the program and to discuss and
plan the research in more depth. In addition to these management meetings, indus-
try and academia representatives met, to work on developing research prototypes,
for interviews and empirical observations, and for planning purposes. In total, 500
IA meetings were recorded during the 10-year duration of the program, eight PhD
theses were examined, and more than 200 scientific papers were published.

In our case study, we investigate one of the projects that was active during
the final three years of the research program (theme E above), in which the four
last authors of this paper were part. This project focused on decision-support in
the testing process. The project group consisted of 6–13 researchers and 3–5 prac-
titioners, where most of the senior researchers had been involved in a previous
project within the same research program. The high proportion of researchers is
due to an increase in the number of PhD students. The wide range in number
of researchers is due to that PhD students and faculty members funded by other
projects, also participated in the activities of the case study project in order to bene-
fit from the IA environment provided by the research program. Research activities
in this project included literature studies and synthesis, problem conceptualisa-
tion through interviews and observations, development of solutions and evaluation
of these in industrial contexts. Studies conducted by faculty, postdocs and M.Sc.
students could be run over a couple of months, while PhD student projects had

1The enumeration scheme comes from projects C and D of phase 2 being merged into project E.
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a longer time perspective in order to fit into the thesis work. However, specific
studies within the frame of PhD student projects may have shorter timelines.

Research results from the case project include systematic literature reviews
(one of which included a perspective that was particularly relevant to industry,
namely industrially evaluated regression testing methods [1]), practical guidance
to industry on specific software engineering methods, for example, test scoping [12],
automated bug assignment [22], and exploratory testing [18], and theory to explain
and improve communication within software engineering [6]. Some articles were
published in practitioner-oriented magazines, while most papers were published
in high-ranked journals and conferences. One of the sub-projects is presented by
Carver and Prikladnicki [9] as an example of a successful IA collaboration in soft-
ware engineering. Regularly, researchers were invited to companies to present their
results, or practitioners were invited to the universities for seminars.

Preparing Data Collection through Retrospectives

The main data collection for this case study was conducted at a retrospective meet-
ing based using evidence-based timelines that facilitated reflecting on how indus-
try and academia had worked together within the research program. A retrospec-
tive method called EBTR (evidence-based timeline retrospective) [5] was used.
This method enables designing a retrospective to focus on specific areas or topics
through specifying goals that are then detailed into a) focus questions and b) as-
pects to visualise on timelines based on data, or evidence. Both the focus questions
and the visualised aspects of project history are selected with the aim of triggering
and supporting group reflections in-line with the goals defined for the retrospec-
tive. In this case, the retrospective’s overall goal was defined as understanding the
value of the IA partnership by exploring how joint work was performed within
the research program and what benefits had been gained both short and long term.
Since this included considering by whom and how the work had been performed
in each project, the material allowed us to study the communication between in-
dustrial and academic partners in the context of a research project and connected
to the outcomes and benefits of that project.

Based on the goal of the retrospective, four timelines were defined. Each time-
line represented an aspect of the studied research project’s history. These aspects
captured

• people involved in the project,

• interaction events, e.g. project meetings and workshops,

• needs and activities, e.g. industrial needs and research activities, and

• outcomes such as industrial impact, research results etc.

Prior to the retrospective meeting the available project documentation was
studied and evidence-based timelines were constructed from available project data
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(evidence) thereby providing a visualisation of the project history. An extract from
the timelines used in the retrospective is shown in Figure 2. For each project, one
timeline per aspect was defined. The second author of this paper collected the data
used to populate these timelines and produced the timelines based on a selection
of this data. The data was collected from project reports, minutes of meetings, and
publication lists. Prior to the retrospective meeting, the project participants of the
studied case project were asked to complement this data by providing information
not directly available in the documentation, e.g. about M.Sc. projects.

The evidence-based timelines were validated prior to the retrospective meeting
by sending them out to the participants of the studied research project together with
a list of key publications. The participants were asked to prepare for the retrospec-
tive meeting by skimming the material and reflecting on the main topics researched
in the project, the industrial needs, gains and impacts. In addition to providing
quality assurance of the timelines, involving the participants in the preparations
motivated and prepared them for active participation in the retrospective event.

One moderator per project was recruited in this preparatory stage. The mod-
erators all had previous experience of leading retrospectives and focus group ses-
sions, but had not been actively involved in the research project that they were to
moderate.

Data Collection through Retrospectives

Half-day retrospective meetings were held for each of the three projects active in
the final phase of the research program. The retrospectives were held with project
members attending a physical two-day event using a set of four timelines visual-
ising project history. Prior to the meeting, three of the four timelines were pop-
ulated based on evidence found in project documentation, namely people, inter-
action events and outcomes (see above). The fourth timeline, with needs and ac-
tivities, was populated during the meeting as part of the retrospective discussions.
In the retrospective meeting, the pre-prepared evidence-based timelines supported
the participants in remembering past project events, and thus triggered and enabled
a fact-based discussion guided by the pre-defined focus questions [5].

During the retrospective meeting, the participants were presented with the
partly populated timelines printed on 2 x 1 m cloth, placed on a large table around
which the participants gathered, see Figures 2 and 3. The retrospective participants
worked for about three hours, analysing and discussing the research project based
on the timelines. The moderator guided the retrospective meeting using the pre-
prepared focus questions (see above). At the meeting, the participants alternated
between individual reflection and group discussions. During the meeting, the par-
ticipants populated the timelines with more details, and when necessary, corrected
or adjusted pre-printed timeline data. All project members, past and present, were
invited to the retrospective meeting, and for the project reported in this paper, there
were eight participants from academia and three participants from industry. One
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Figure 2: Example of a minor part of the timelines used at the retrospective meet-
ing (anonymized for confidentiality).

of the academics acted as the moderator and led the retrospective meeting. The
moderator also ensured that both the industrial and the academia perspective were
equally voiced during the meeting, although they were imbalanced in numbers.
The participants from industry had all been actively involved in the project under
study, and all played an active role throughout the retrospective meeting. Among
the academic participants, all had been involved in the project to varying degrees,
and their active participation to the retrospective varied with the extent of their
involvement in the project. Three to four of the academic participants were ac-
tive in research studies, while the rest were involved as supervisors and in various
managerial roles, thus boosting the number of academic participants.

The main outcome of this step consists of transcriptions of the retrospective
meeting. The meeting was recorded using both video and audio, and the audio
files were transcribed word-by-word by a professional transcriber. In addition, the
participants made notes on the timelines of additional events, connections etc.

Coding

The transcripts were imported into QSR International’s NVivo 12 qualitative data
analysis software for coding and analysis. Coding was conducted in two steps. Ini-
tially, four researchers (authors 1–4) read through the material and independently
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Figure 3: Discussions around the timelines (placed on the table) at the retrospec-
tive meeting with case project.
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identified themes and proposed codes. The initial codes were proposed based on
our pre-understanding of IA communication. A common coding scheme was then
agreed on in a joint meeting. We formulated a communication model, Figure 4,
based on the main categories from our code scheme consisting of communicat-
ing parties, communication context, content of the communication, and outcomes.
The main categories included sub-categories and nodes. For example, the main
category “Communication Party” included the sub-category “University” and the
node “Researcher”.

In the next step, two researchers (1st and 2nd author) coded the material ac-
cording to this scheme identifying all the communication instances according to
the model. By a communication instance, we refer to a segment of text in the
transcription that explicitly mentions communication between two communicat-
ing parties. For each instance, we coded all the categories according to the model
when possible. For example, the node “researcher” in the category “Communica-
tion Party” was used all times that in the transcription, one researcher communi-
cated with someone else.

Figure 4: The communication model used as the basis for the coding of commu-
nication instances

Analysis

After coding, further analysis was conducted to identify patterns in the material
based on the codes and combinations of these. For example, we analysed the fre-
quencies of codes for occurrences of communication contexts including both in-
dustrial and academic communicating parties. We settled on describing the case
project using the communication contexts and the project outcomes since these
provided interesting insights. During the analysis, factors facilitating communi-
cation were identified by the researchers. These facilitators and outcomes were
analysed and discussed further by the researchers and are described in Section 5.

Member checking

We conducted a first validation by sending out the results in the form of an early
version of Section 5 to participants of the studied case project. We asked two rep-
resentatives from industry and two senior researchers that had been active in the
case project, to give feedback on the results. In particular, we asked them to com-
ment on results that agreed with their experiences; what results that did not agree
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with their experiences; and if possible, also what results that were new or surpris-
ing to them. The feedback was collected and used to validate the list of facilitating
factors and outcomes.

3.2 Survey
We performed a survey to validate the results of our case study with a broader set
of participants beyond that of the studied case project. For this reason, we con-
structed a survey and invited survey participants through a mailing list managed
by our research group. The mailing list covers our broad IA network on software
engineering and consists of practitioners from different industrial organisations in
Sweden. Since this list also contains other mailing lists, it is difficult to state the
exact number of participants that were invited to participate in the survey. We es-
timate that the mailing list reaches at least 500 email addresses and at least 60
companies. The sample was chosen because it was seen as a natural extension of
the sample we worked within the case study.

The survey instrument consisted of questions based on the case study results.
The participants were asked which of the identified facilitators and outcomes they
have experienced themselves in previous IA collaborations, and to note additional
ones. The main questions were:

• Characterisation questions, mainly in which sector they work, i.e. industry,
public sector, research institute or academia

• What outcomes they have experienced from IA projects (selected from the
identified outcomes). They were also able to add new outcomes that were
not listed (in free text form)

• What outcomes the participants thought were important in IA communica-
tion (selected from the identified outcomes)

• What facilitators the participants believe are valid (selected from a list of the
identified facilitators). They were also able to add new facilitators that were
not listed (in free text form)

In total 50 respondents completed the survey. We grouped the respondents into
two groups, one group consisting of 17 researchers (13 from academia and 4 from
research institutes) and one group consisting of 33 practitioners (2 from public
sector and 31 from industry). In the analysis, we explain the patterns found in their
responses.

For all three survey questions (confirm the validity of facilitator, experience of
outcomes, and importance of outcomes), the respondents could mark any number
of alternatives, from 0 to 5 for the facilitators, and from 0 to 9 for the outcomes.
Since we did not ask for invalid facilitators or unimportant outcomes, we believe
that the respondents only marked the alternatives that were the most valid and/or
important to them.
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4 Results

The results of this case study consist of findings derived through analysis of the
evidence-based timeline retrospectives and validation of these findings in a survey.

Table 1: Overview of identified facilitators of IA communication
Code Name Description

F1 Research Relevance The degree to which the research repre-
sents real problems faced by companies

F2 Practitioner’s Attitude
towards Research

The predisposition of practitioners to par-
ticipate in joint research

F3 Active Practitioner In-
volvement

The degree to which practitioners partici-
pate in joint research

F4 Frequency of Communi-
cation

Particular characteristics of meetings that
define a way of conducting meetings

F5 Long Term Collabora-
tion

A formal joint research project that takes
places over a longer time period, e.g. be-
yond 2–3 years.

4.1 Case study findings

In the analysis, we identified factors that facilitate IA communication and project
outcomes promoted by this communication, based on communication instances
described in the retrospective meeting. When analysing the coded transcript of
the retrospective meeting, we noticed similarities between the contexts in which
the communication instances were described to have taken place. Therefore, we
grouped the communication instances by their communication context. We identi-
fied three main contexts, namely the IA environment as a whole, project-related
meetings, and individual studies. In the context of the IA environment, we ob-
serve IA communication beyond that of project-related meetings and individual
studies. In the context of project-related meetings, project members communicate
on project-related topics through meeting physically or online. Finally, in the con-
text of studies, we observed communication in all phases of individual research
studies including M.Sc. projects. We have identified characteristics of each con-
text that facilitate communication between industry and academia, and that pro-
mote project outcomes. The facilitators are referred to as F1–F5, see Table 1, and
the related project outcomes are referred to as O1–O9, see Table 2.

In the following subsections, the identified facilitators and outcomes are pre-
sented with respect to the communication contexts in which they have been ob-
served. Curly brackets are used in the text to denote relations identified between
factors facilitating IA communication, and subsequently promoted outcomes. For
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Table 2: Overview of identified outcomes promoted by IA communication

Code Name Description

O1 New Knowledge New knowledge that is produced in the
joint project e.g papers, code, tools

O2 Awareness A sense of general informed knowledge
about ongoing research and results

O3 Changes in Practice Changes that take place in companies mo-
tivated by research results

O4 Tools and Source Code Source code or tools that are implemented
in products or the value chain of companies
based on research results

O5 Social Networks Social and contact networks that arise and
develop within IA projects and that remain
beyond the time frame of a specific project

O6 New Studies New research studies and M.Sc. projects
that emerge from an IA project

O7 Good IA Collaboration Improvements to the ecosystem to facili-
tate joint work

O8 Changes in Teaching Changes in the content of courses at Uni-
versity level introduced by researchers in-
volved in an IA project

O9 New Scientific Venues New forums where researchers exchange
with other researchers, sprung out of IA
projects

example, “{F1 C−→ O1}” denotes a relation between F1 and O1 in that factor
F1 (Research Relevance) facilitates IA communication and thereby promotes the
project outcome O1 (New Knowledge). The letter C over the arrow indicates that
it is an indirect relation over communication in the IA project. In some cases, more
than one factor in combination were identified, and in some cases, more than one
outcome were identified, which is marked by listing a set of factors/outcomes in
parentheses. A summary of the relations is shown in Figure 5.

IA Environment

The IA Environment refers to the whole research program as a context where com-
munication occurred beyond the context of a specific project or study. Some of the
identified outcomes are not directly related to specific events or meetings. Rather,
the participants expressed that the program in itself acted as “an engine for gener-
ating more and more collaboration on all different levels”.
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F1 F4F3F2 F5

O1

O2

O5O4

O6

O9O8

O7O3

Figure 5: A summary of the indirect relations via communication ({Fx C−→ Oy})
between facilitators (Fx) and outcomes (Oy)

The long-term collaboration (F5) supported by the 10-years research pro-
gram facilitated communication between researchers and practitioners. Within the
long-term horizon of the program, the participants’ social networks (O5) were
expanded {F5 C−→ O5}. The participants expressed that this long-term aspect of
the context, in some cases longer than the research projects, was inductive to ini-
tiating new studies (O6), including master thesis projects and research studies
{F5 C−→ O6}. Similarly, the context provided junior researchers with an environ-
ment through which they had access to and could work with industry. The par-
ticipants expressed that the continuous way of working and delivering value to
the industrial partners motivated them to participate and thus led to improved IA
collaboration (O7) {F5 C−→ O7}. The industrial partners expressed that the long-
term collaboration (F5) facilitated communication with academia and yielded
benefits in the form of new knowledge (O1) that was useful both in the short-term
and the long-term perspective {F5 C−→ O1}. This relation concerning the long-
term aspect of the collaboration was expressed by one participant from industry :
“We could apply the results directly ... we got long term proof that enabled us to
see that, yes, we are doing the right things”. One participant also pointed out that
the long-term collaboration (F5) facilitated staying focused on the agreed long-
term plans without being affected by the company’s operational priorities. Thus,
the research project was shielded from short-term industrial perspectives. Overall,
the long-term collaboration led to mutual learning about each other, whereby the
IA communication was further facilitated.

The communication between industrial and academic partners in the IA envi-
ronment led to developing a social network (O5) where personal contacts, even
beyond organisational affiliations, were established and kept active. During the
project, some of these industrial discussion partners became actively involved in
the research as formal company contacts. Both researchers and practitioners ex-
pressed that the informal environment around the project was very positive and
facilitated IA communication, which in turn generated additional IA research.
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Even further, the participants described that through participating in the project
they strengthened their ability to communicate with industry and academia, and
that this, in turn, promoted the identification of novel ideas for further new stud-
ies (O6) and joint projects. In summary, communication in the social environ-
ment within the long-term research partnership stimulated knowledge exchange
that promoted further and improved IA collaboration (O7).

Through our case study, we observed two outcomes on the academic side that
were promoted through the communication with industry, one regarding teaching
and one related to scientific forums. Several academic participants described that
their involvement in the case project and communication with industrial partners
led to changes in teaching (O8), in particular within the courses for which they
were responsible. The awareness of industrial needs and the new knowledge gained
through IA communication in the project thus promoted improvements to univer-
sity courses. Furthermore, the communication between industrial and academic
partners around requirements and testing, created an awareness of the relevance
and importance of this topic that stimulated the establishment of a new scientific
venue (O9) in the shape of a scientific workshop series on this topic2. This new
international forum provides researchers and practitioners with the opportunity to
exchange knowledge and experience around one of the leading research topics of
the case project.

Project-Related Meetings

Based on our empirical data, we have identified two main types of project-related
meetings where industrial and academic partners communicated about research
and industrial needs at a general level (as opposed to meetings related to specific
research studies, see next section). These two types of meetings were either of a
creative nature or related to the project organisation. The creative meetings ob-
served in our material took place during the formation phase of the project, when
senior researchers met with industrial contacts. The communication at these meet-
ings promoted good IA collaboration (O7) in jointly defining the research direc-
tion for the project. Through brainstorming sessions involving project members
from both industry and academia, the main areas of interest were identified. As
stated by one of the senior researchers involved in the management of the project,
these jointly agreed areas “formed a frame for what was actually done” . By in-
volving practitioners (F3) also in this formation phase, and by basing the scope
on industrial needs, thus ensuring research relevance (F1) further facilitated IA
communication in the project. There were multiple meetings with various compa-
nies during the formation phase. For some of these meetings, the relevance of the
research and the involvement of practitioners facilitated IA communication that
led to initiating joint M.Sc. projects (O6) {(F1, F3) C−→ O6}, even for companies
that did not become formal partners in the research project.

2https://ret.cs.lth.se

https://ret.cs.lth.se
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The most common type of project-related meetings were project meetings. For
our case project, such meetings were held regularly every 6–8 weeks with all the
involved researchers and the industrial contact persons. Most of the times partici-
pants were present in person at these meetings, with the exception of researchers
from one of the university sites that occasionally attended via Skype. At these
project meetings, status and intermediate research results were presented and dis-
cussed, and the industrial partners shared new or changed needs from their per-
spective. The communication at these meetings played an essential role in promot-
ing good IA collaboration (O7) in jointly detailing and agreeing to the research
direction, and in initiating new research studies (O6). The frequency and style
(F4) of these meetings and the active involvement of practitioners (F3) created a
positive communication climate where ideas, needs and intermediate results were
shared and discussed. For example, early on in the project, the industrial contacts
expressed a preference for focusing on decision-making specifically for testing
when “the companies said, we want to look at testing”. This was agreed as the
direction in which the research then proceeded, thereby strengthening the rele-
vance of the research (F1) for the industrial partners. This relevance was further
stimulated when “the specific [industrial] needs became studies” and thus the IA
communication led to jointly defining new studies (O6) {(F1, F3, F4) C−→ O6}.
An example of this is a systematic literature study that was initiated when indus-
trial partners expressed a need to understand the state of the art regarding test case
selection and prioritisation [1]. Due to the industrial interest in this topic, one of
the company contacts were actively involved in reviewing articles in this literature
review and thereby acquired new knowledge (O1) {(F1, F3, F4) C−→ (O1, O6)}
through participation in the research.

Studies

The research project included both research studies and industrial M.Sc. projects
related to the topics covered by our case project. The research studies were initi-
ated based on joint agreement at the project meetings (see above) and were relevant
to the industrial partners, thus ensuring research relevance for these joint studies.
Similarly, the M.Sc. projects were highly relevant to industry since companies
directly initiated these projects, sometimes with a researcher within the project.
These M.Sc. projects thus stimulated further IA communication in the shape of
joint-supervision. These industrial M.Sc. projects applied scientific methods to de-
sign and validate solutions to industrially relevant problems for the companies.

Research Studies The research studies within our case project were performed
with industrial partners through active practitioner involvement (F3) in all phases
of the studies, including research design, data collection and analysis. This active
involvement, in combination with the style of meetings (F4) w.r.t. regularity and
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open discussions facilitated frequent and regular communication between the re-
searchers and practitioners involved in each study. This factor related to the style
of the meetings was also observed to facilitate communication at the project level
meetings. Thus, the IA communication promoted that the company contacts gained
new knowledge (O1) {(F3, F4) C−→ O1} and deep insights into the research re-
sults through early access to results from the ongoing studies. This in turn enabled
the practitioners to improve processes and tools within their companies. Thus, the
IA communication in these meetings also promoted changes in practice (O3)
{(F3, F4) C−→ (O1, O3)}. For example, two of the participating companies imple-
mented changes to their test strategies based on results obtained and communicated
within the project. One company representative expressed that “when I saw some
benefits, I implemented that.” Thus, the fact that the research was relevant (F1)
to the industrial partners facilitated the IA communication and led to changes in
practice (O3) {F1 C−→ O3}.

Most of the research studies within our case project were performed as case
studies, and included activities at the companies such as data collection and re-
search seminars. Some of the data collection methods that were used had the added
benefit of disseminating new knowledge (O1) directly to the participating prac-
titioners. In particular, this was the case for focus groups and interactive posters
where the informants were presented with research ideas and topics, and asked to
reflect and give their views on these either at a meeting or individually by marking
their viewpoints on a publicly available poster. This approach created a win-win
situation, where active practitioner involvement (F3) in the data collection fa-
cilitated IA communication which then led to the practitioners gaining insights
in the shape of new knowledge (O1) {F3 C−→ O1}. For example, a set of focus
groups were held around the topic of exploratory testing where different templates
for expressing exploratory test cases were presented to the participants who then
got to try them out [18]. These focus groups, and the IA communication that took
place there lead to changes in practice (O3) for the participating test team who
“modified [their test practices] and have seen the direct impact”. This team also
spread their new knowledge to “related teams within neighbouring areas” within
the company. Similarly, within a case study of ten teams, the team members were
asked to assess the ease of working with other teams through voting by noting
their viewpoints on posters, so called interactive posters. This approach of active
practitioner involvement (F3) in the data collection facilitated IA communica-
tion and promoted an increased awareness (O2) {F3 C−→ O2} of the research
topic (in this example, communication gaps) and an interest in the ongoing re-
search among company employees. This involvement also enabled the researchers
to spread new knowledge (O1) {F3 C−→ O1} of the underlying theoretical model
to the entire studied department consisting of around 200 people. In this case, the
company contact described that the use of interactive posters had promoted a new
awareness (O2) and insight within the organisation regarding potential causes of
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communication gaps that helped people to be more tolerant of each other and being
proactive in how they communicate with “difficult” teams.

In the case project, research results were disseminated and communicated to
industry in several ways, including through seminars at the companies. The sem-
inars led to the practitioners gaining new knowledge (O1) and increased aware-
ness (O2) in general. As one researcher stated, “some things are tacit, in the sense
that you get more informed ... not necessarily a specific method, but you have
awareness”.

Industrial M.Sc. Projects The industrial M.Sc. projects provided a context
where communication promoted establishing personal contacts and social net-
works (O5) between practitioners and researchers. For example, one of the case
project’s company representatives first became acquainted with one of the resear-
chers when they co-supervised an M.Sc. project at the company, and this then
led to participating in the case project. The practitioner’s previous experience of
working with the researcher positively influenced the practitioner’s attitude (F2),
which further facilitated the practitioner’s communication with researchers and
improved the IA collaboration (O7) {F2 C−→ O7}. Therefore, the practitioner
was more aware (O2) {F2 C−→ (O2, O7)} of ongoing research and available to par-
ticipate in new studies (O6) {F2 C−→ (O2, O6, O7)}. The research relevance (F1)
and the practitioner involvement (F3) in the project played an important role for
the scope and impact of the M.Sc. projects. Given that topics of the M.Sc. projects
were of interest to the researchers who actively participated in the project, resear-
chers and practitioners could define the scope of these M.Sc. projects jointly in
order to become more relevant and useful to the companies and to the researchers.
Furthermore, through communication of M.Sc. projects within the IA project, sim-
ilar and overlapping interests were identified in other areas of the company, which
led to broadening the outreach of the results from the M.Sc. projects.

Continuous communication between researchers and practitioners involved in
industrially relevant research, provided a direct impact on practice within the par-
ticipating companies. Industrial M.Sc. projects often provided direct value in the
shape of tools and source code (O4), and this relevance facilitated the adoption
of these results within the companies. For example, one M.Sc. project resulted
in a tool for automatically prioritising issues in the company’s issue management
system. This tool was used as is in the company’s software development organi-
sation and thereby saved time and effort in issue prioritisation. Another example
is an M.Sc. project that implemented an automatic checker for architectural rules
that removes the need for manual reviews and thereby contributes to increasing the
quality of the code. This tool was integrated into the company’s development tool-
chain and, thus enabled a change in practice (O3). We see in our case study that
the research relevance (F1) and high practitioner involvement (F3) developed
a favourable environment that stimulated communication and contributed to con-
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crete gains and values including industrially-relevant new tools and source code
(O4) and changes in practice (O3) {(F1, F3) C−→ (O3, O4)}.

4.2 Results from the survey

To validate the results from the case study, we conducted a survey with within
our collaboration network, and thus with a broader sample of participants than for
the case study. Note that due to the limited survey format, we could only validate
the facilitators and outcomes, not the complete relational graph emerging from the
rich qualitative data collected in the retrospective meeting.

The results of the survey with respect to facilitators are shown in Figure 6. The
figure indicates how many researchers and practitioners agreed with the marked
item as a facilitator in the IA communication for each facilitator. In the survey, all
the identified facilitators were confirmed by at least half of the respondents. On
average, the researcher respondents marked 3.35 and the practitioners 3.14 facil-
itators. As discussed in Section 3.2, we do not interpret un-marked facilitators as
generally invalid, but rather as being less valid to the respondents. On the other
hand, the fact that many of the respondents confirm a certain facilitator is inter-
preted as an indicator that this factor is a valid facilitator also for a broader sample
of IA project beyond the studied case.

The participants in the survey mentioned some additional facilitators. Resear-
chers mentioned frequency of meetings, experience of the “other side”, personal
connections, and the attitude of the researcher (should be to transfer research, not
collect empirical data). Sharing information with more frequency, and researcher’s
attitude were also mentioned by practitioners. They also mentioned the importance
of an understanding of the basic and relevant needs of both sides.

The results of the survey concerning outcomes are shown in Figure 7. The bars
marked ‘Experience’ show how many of the respondents, researchers and practi-
tioners, recognise the marked item as an outcome of IA projects. The bars marked
‘Importance’ show how many of the respondents, researchers and practitioners,
view the outcome as important to them when working in IA projects.

According to our survey participants, both researchers and practitioners, the
most prevalent outcome of IA research is new knowledge (O1), as is shown by
the responses both based on experience and with respect to the importance of the
outcome. This aligns well with the case study findings, where four out of five facil-
itators promote new knowledge {F1,F3–F5 C−→ O1}. Both groups had experienced
awareness (O2) and good collaboration (O7) as outcomes promoted by IA com-
munication. However, the practitioners found awareness (O2) be more important
than the researchers did. In contrast, respondents of both groups responded that IA
collaboration (O7) is less important.

Changes in teaching (O8) and new scientific venues (O9) are more of a concern
for researchers, but interestingly enough only considered important by 10–15% of
researchers. Likely, this outcome is not considered to be among the most important
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outcomes, which does not mean that it is unimportant, as discussed in Section 3.2.
The fact that researchers have experienced changes in practice (O3) as an outcome
promoted by communication is to be expected, as the surveyed researchers are
involved in IA research projects. However, the change in practice is considered
important to a lower degree, and only one in four practitioners consider this to be
an important outcome.

For Tools and source code (O4), social networks (O5), and new studies (O6),
our respondents have experienced these as outcomes of IA communication to a
higher degree than they consider them to be important outcomes. This applies to
both researchers and practitioners. This is particularly worth noticing regarding
new studies (O6), as the cases study findings indicate that all facilitators promote
this outcome {(F1–F5) C−→ O6}. Still, we interpret the responses to the question
of importance as a ranking rather than an absolute assessment. Thus, new studies
(O6) may be important, but, for example, our respondents view new knowledge
(O1) as more important.

Some additional outcomes were mentioned by the participants in the survey.
The participants in the survey mentioned some other outcomes. For participants
from academia, the additional outcomes may be seen as related to awareness (O2),
e.g., industrial trends, real-world problems, industrial challenges, vocabulary, and
terms used in industry. Participants from industry, mentioned additional outcomes
such as access to international experience, improved company-to-company coop-
eration through research projects, and recruitment, e.g. through contacts with stu-
dents.

5 Discussion

We now discuss the results regarding the facilitators (RQ1) and outcomes (RQ2)
of IA communication. For an overview of our results, see Table 1 and Table 2 and
the observed indirect relations via communication in Figure 5.

5.1 Facilitators of IA Communication (RQ1)

Our study identifies five facilitators (F1–F5) that contributed to productive IA com-
munication in the case project. These facilitators can be viewed as characteristics
of the context where the communication occurs that contribute positively to the
outcome of the project.

The relevance of the topics under study (F1) and the long-term horizon of the
program (F5) facilitated IA communication within the project. The involvement of
industry at the management level and in the research boosted the relevance of the
research. From our perspective, the project benefited from previous joint work, due
to that the people involved had already established good practices for IA commu-
nication within the long-term program before initiating the studied project. This
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Figure 6: Survey responses to facilitators of IA communication. On average, re-
searchers marked 3.35 facilitators and practitioners 3.14
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Figure 7: Survey responses to project outcomes promoted by IA communication.
On average, researchers marked 5.35 outcomes as experienced and 4.77 outcomes
as important. On average, practitioners marked 2.55 outcomes as experienced and
3.54 outcomes as important.
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included the style and regularity of the meetings, the practice of ensuring research
relevance of studies, and active practitioner involvement throughout each study.
In the literature, the long term perspective in IA collaborations is connected to a
stronger level of commitment [15]. In our case, the long-term nature of the IA
research project provided the participants with the freedom to collaborate over a
longer time period consisting of several years. Within the long-term agreements,
the participants had the flexibility to define studies without any additional formal-
ities.

One major challenge when working with practitioners is the “lack or drop of
interest/commitment” [15]. We identified active involvement (F3) and the attitude
on the practitioner side (F2) as a key facilitators of IA communication. We hypoth-
esise that these two facilitators are due to two factors. Firstly, the relevance of the
research performed motivates and stimulates practitioner involvement. Examples
of this from our case project, are the impacts on practice observed in relation to
the adoption of output from research and from M.Sc. projects. Secondly, the trust,
respect, and mutual understanding of an existing project network facilitate com-
munication between parties. In our case project, communication between industry
and academic partners flowed naturally, and people knew whom to contact and
how to work with their counterparts.

In our study, the frequency of communication (F4) was identified as one fa-
cilitating factor for IA communication. The frequency of communication was also
identified as a facilitating factor for collaboration, for example by Rybnicek and
Königsgruber [35]. Similarly, we found that active involvement by practitioners
and practitioners’ attitude towards research are critical to ensure the relevance of
research results. These results are in line with the models proposed for joint re-
search in software engineering [27, 29] that require a high degree of involvement
from practitioners.

Finally, we identified the style of meetings as a facilitator of IA communica-
tion, and associate this to the long-term nature of the project (F5). Even if previous
systematic literature reviews have not specifically identified this factor, Ankrah and
Al-Tabbaa [2] conclude that “meetings and networking” are important for collab-
oration.

In the final project phase of our case project, the participants were familiar with
each other and had an established way of working together. Each research study
within the project shaped its own patterns and forms of communication; however,
as new people joined the project and new studies were initiated the established
ways of communicating were passed on, or inherited. We observed a well-divided
hierarchy of meetings, and the group involved in each study had internal and in-
formal discussions. In each meeting, it was clear what type of concerns were ad-
dressed, e.g. on the topic, on the study, or on the whole project. This allowed
for focused discussions of each concern at the relevant level. To some extent, the
facilitators that we have identified for IA communication correspond well to the
facilitators identified in previous studies for collaboration in general.
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5.2 Project Outcomes (RQ2)

We identify the project outcomes promoted by IA communication for academia
and industry respectively. For the academics, working with industry can impact
teaching (O8) and research (O6), and for practitioners, the impact can be seen in
changes to practice (O3). For both parties, the communication promotes increased
knowledge (O1). Given that researchers are often teaching university courses, the
knowledge exchange with industry has an indirect effect on the students and, there-
fore, on future software engineers. Suppose the education of future practitioners
receives the input from research conducted with the input from the industry. In
that case, this enriches a critical mass of (new) professionals and entrepreneurs
who could then quickly become involved in the industry or develop new business
ideas.

An important benefit for researchers of IA projects is access (O5) to and in-
sights into industry, which enables researchers to collect empirical data and vali-
date research findings. Furthermore, the case project facilitated exchanges with re-
searchers in general, both those directly involved in the project and others through
personal contacts. These exchanges are valuable since they enable validating re-
sults and considering other viewpoints. Researchers and practitioners all benefited
from these exchanges.

For practitioners, the outcomes of working with academia are both direct and
indirect. Direct outcomes include changes in practice motivated by research find-
ings (O3), and tools and source code originating from the research (O4) that can
be used at the companies. Industry often view these contributions as the main gain
and outcome of an IA project. These two outcomes were also in line with the over-
all goals of the EASE program, in particular the goal of results useful for industry,
see Section 3.1. However, the survey results indicate that these outcomes are less
valued than new knowledge in general.

We have identified an additional indirect outcome of the IA communication
in the shape of increased awareness of research among practitioners (O2). Our
analysis indicates that this awareness, in contrast to knowledge that has a direct
industrial application, may impact practitioners in several ways e.g. inspiration
for new products, bench-marking with other practices, and increased confidence
gained from selecting practices based on research findings. Overall, both types of
benefits need to be considered when evaluating the benefits of IA research projects,
since the potential gains influence industrial partners’ willingness to commit and
actively participate in IA research projects. The possibility to reach these objec-
tives is an important factor in facilitating industry participation.

We identify knowledge exchange between industry and academy (O1 and O2)
as an outcome of the communication that occurs within individual studies and
throughout the entire project. As is expected, new knowledge is built-in research
studies, and communication contributes to achieving the goals of the studies. In
addition, IA research projects can contribute to a positive cycle that leads to further
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studies and mutual learning. Professional relationships are cultivated through IA
project activities and exchanges during meetings. Many of these relationships go
beyond the project lifetime and may lead to additional future IA interactions. In
general, IA communication fosters more collaboration.

In the survey, many of the outcomes received high scores, both regarding the
degree to which they have been experienced, and to what extent participants think
they are important. However, there are some outcomes that did not receive high
scores with respect to both aspects. Outcomes related to industrial practice (O3
and O4) were considered less important than outcomes related to knowledge and
awareness (O1, O2). This difference in ranking indicates that, in general, there is
more interest in outcomes related to knowledge than an immediate practical im-
pact. Another possible view is that research results rarely are directly applicable
to a specific industry setting but needs to be generally understood first and then
adapted to the specific setting. Outcomes related to impact on research and teach-
ing (O6, O8, O9) were, by a majority of the respondents, not marked as important,
either by researchers or practitioners. As we see, outcomes that impact research
and teaching may not be perceived by the participants as a priority or experienced
to the same degree as other direct outcomes. However, these outcomes are indirect
and visible in the long-term.

As described in Section 4.2, the survey participants mentioned some addi-
tional outcomes. However, many of these correspond to the need for knowledge
and awareness (O1, O2). Participants mentioned, for example, the need for knowl-
edge about industrial trends and real-world problems. In the same way, participants
mentioned, for example, having access to international experience and recruitment
of personnel as outcomes.

5.3 Validity of Contribution

Our main contribution is the identification of facilitators of IA communication in
the context of an IA research project and outcomes promoted by such communi-
cation. We assess this contribution by discussing threats to validity and steps taken
to mitigate these.

Construct Validity is about the concepts of the study, particularly IA commu-
nication and context. Our empirical data was collected from a retrospective meet-
ing that had the goal of reflecting on the IA research project based on a timeline
visualising projects events and outcomes. The objective of the retrospective was
to investigate how industry and academia had worked together within the research
program, not specifically focusing on communication in isolation. There is a risk
that the retrospective did not focus enough on communication for this study. How-
ever, a large share of the timeline data was focused on communication, which is
one reason why we selected to study IA communication for this case project and
we found that the data was useful for studying communication due to the variety of
communication instances found in the material. Furthermore, the survey helped us
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to mitigate this risk by confirming the results with project participants and survey
respondents.

Internal Validity relates to the suggested relationships between data enti-
ties, in this case, facilitators and outcomes. Propositions of these relationships
are based on an aggregation of assumed connections between the entities in our
coding scheme. These connections were identified in the data, and need to be fur-
ther tested. There is a risk of researcher bias in the analysis that may affect the
reliability of our results. We partly mitigated this risk by working in pairs and by
systematically applying thematic coding. Our familiarity with the project is both
a risk and a strength. The risk is that of confirming our prior beliefs without con-
sidering the data. This risk is partly mitigated by using a bottom-up approach in
the coding (i.e. the facilitators were derived after the coding), and partly by asking
other project members to read and comment on the results. This validation was
performed by sending the manuscript to three practitioners and two senior resear-
chers involved in the case project, four of which responded. Furthermore, the risk
of misinterpretations is partly mitigated by the researchers being familiar with the
case project, and knowing the people involved.

External Validity describes the generality of our results. We formulate our
contribution to be applicable in any IA research project, and our findings can,
thus, be tested also in other contexts. Our results are derived from observations in
a single case study. The survey was an initial step towards external validity where
additional people from industry and academia confirmed the identified facilitators
and outcomes. Survey participants mentioned additional factors, e.g. mutual trust
and understanding, style of communication, researchers attitude, and recruitment
of graduating students. However, in general, the results of the survey, as described
in Section 4.2, strengthen the generality of our findings. Future research may in-
vestigate these factors and further strengthen the generality of our results.

6 Conclusions

Communication plays a crucial role in any collaboration, so also in industry–
academia (IA) research projects, both in facilitating the project as such and in cre-
ating a shared understanding of the goals and the outcomes of the project. In this
study, we have analysed the communication within a 3-year IA research project,
which in turn was part of a 10-year research program. The overall goals of the pro-
gram were, from the industrial side, to increase the competence of personnel, and,
from the research side, to perform research of high scientific quality that is rele-
vant and useful to industry. Thus, knowledge sharing and knowledge co-creation
were expected outcomes of bringing the researchers and practitioners together in
various projects, both of which rely on communication between the parties.

We collected empirical data that was analysed according to a simplified model
of communication (Figure 4) describing instances of communication where each
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instance represents IA communication between two parties, within a context, and
having explicit communication outcomes. Through analysis of such communica-
tion instances, we identified elements that facilitate communication between in-
dustrial and academic partners (RQ1) and examples of project outcomes that were
promoted by IA communication (RQ2). These facilitators and outcomes, as re-
ported in Section 5, provide empirically-based insights that may be used to guide
the setup of similar joint projects and thereby improve IA communication. Fur-
thermore, the extended of IA communication, including the observed contexts of
communication, facilitators and project outcomes, may inspire future research on
the characteristics and relationships between these proposed constructs of IA com-
munication, which we find much needed.

In summary, the following recommendations may facilitate IA communication
in joint research projects and subsequently stimulate the project outcomes identi-
fied as being promoted by IA communication:

Ensure that research is relevant to all participants by discussing and jointly
agreeing to the scope of IA research programs, projects and studies. Practitioners
will be more willing to engage in research activities, if the research topics and re-
sults are relevant and applicable to their work challenges. We noticed how address-
ing problems experienced by practitioners contributed to developing a favourable
IA collaboration climate supported by communication that stimulated and led to
changes in practice and new knowledge.

Foster a positive attitude towards research by listening to the needs and in-
terests of industry, and aiming to provide value to practitioners through research.
The view and attitude of practitioners towards research, researchers and research
results influence their involvement in, and commitment to, research activities. We
noticed that practitioners with trust in and previous positive experiences of collab-
orating with researchers had a positive attitude towards further such collaboration,
which facilitated the communication with researchers.

Promote active practitioner involvement by openly discussing plans and
emerging research results, and by inviting practitioners to take an active role, e.g.
in reviewing papers and writing articles. An active engagement of practitioners
in research projects contributes to identifying and addressing industrially-relevant
problems in research studies. Furthermore, these engaged practitioners are critical
in leading and promoting changes in practice based on research results. We noticed
that the active involvement of practitioners was a critical factor that led to having
discussions around industrially relevant topics with researchers. From these dia-
logues, new studies emerged around industrial challenges, and practitioners were
made aware of research in the field.

Regularly hold both formal and informal meetings with a clear focus and
adapted to the specific needs, e.g. of overall project synchronisation versus work
meeting. IA communication and goal achievement are stimulated by a combina-
tion of formal meetings for project management, and open and informal meetings
where creativity flourishes.
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Establish a long-term collaboration between industry and academia through
joint projects and networking events. A long-term collaboration contributes to cre-
ating social networks, identifying more research studies, and the possibility to
apply results in the academic and industrial contexts. In addition, the long-term
aspect of a collaboration allows researchers and practitioners to gain insight into
each other’s spheres and to develop good practices and ways of working together.
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Abstract

Background and Context: Ph.D. projects in software engineering in Sweden of-
ten involve collaboration with industry partners. Harmonious collaboration is crit-
ical to the success of these projects. While there is existing literature about chal-
lenges in industry-academia collaboration, there is limited information about the
specific challenges faced by Ph.D. students and their strategies to address them.

Objective: We aim to explore Ph.D. students’ challenges when collaborating
with practitioners in research projects and identify the strategies they use to address
these challenges.

Methodology: This study focuses on Ph.D. projects in software engineering
from two Swedish universities. Data was collected by surveying the universities’
current and recently graduated Ph.D. students.

Results: Findings reveal that researchers face various challenges related to
communication distances, people, and research work. We identified strategies to
address these challenges, such as synchronization sessions, establishing a com-
mon ground, and providing short-term benefits to industry partners while working
towards long-term goals.
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Conclusion: The insights gathered in this research can help improve collab-
oration in software engineering Ph.D. projects. By understanding and addressing
these challenges using the suggested strategies, both parties can enhance collabo-
ration, leading to more successful outcomes and stronger partnerships.

1 Introduction
Software engineering knowledge is context-bound, meaning context plays a cru-
cial role in shaping the research investigations and the knowledge created in the
process [3, 4, 9, 13]. Thus, the collaboration between industry and academia is es-
sential for software engineering research and practice.

Working together makes researchers and practitioners aware of each other’s
field, which is mutually beneficial. It allows researchers to gain access to real-
world problems and data [1] while providing practitioners with access to the latest
research and tools.

The exchange of knowledge and expertise between researchers and practition-
ers leads to the development of new tools, processes, and methodologies that can
potentially improve practice [6]. Moreover, industry collaboration provides the
natural settings necessary for validating proposed solutions.

Collaboration with industry partners is also essential for software engineering
Ph.D. students’ training and research. Successful collaboration between industry
and academia in the context of Ph.D. students’ work will ensure the training of the
next generation of researchers who are well-versed in collaborating with industry
and developing solutions that positively impact software engineering practice.

However, to the best of our knowledge, the challenges faced by Ph.D. students
when collaborating with industry and strategies to overcome these challenges have
not yet been thoroughly investigated. Nonetheless, there are some studies in this
area. Wohlin and Regnell [14] highlighted the importance of industry-academia
collaboration in Ph.D. students’ education and identified several strategies for
managing industrial relevance and maintaining close contact with industry part-
ners. Recently, Song and Runeson [12] shared their experiences as a Ph.D. student
and supervisor working with industry, analyzing different collaboration scenarios
and providing insights and recommendations to facilitate future collaborations. In
this study, we provide a more comprehensive investigation of challenges and miti-
gation strategies for successful collaboration between Ph.D. students and industry
partners.

Our study focuses on Ph.D. student projects in Sweden. By better understand-
ing the challenges and strategies to overcome them, we aim to help Ph.D. students,
supervisors, and practitioners improve collaboration in these projects. The research
questions are:

RQ1: What challenges do Ph.D. students face when collaborating on software
engineering research projects?
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RQ2: What strategies do Ph.D. students use to overcome collaboration challenges?

Our study’s contributions include the following: (1) a list of challenges, (2) an
analysis of the most impactful challenges, and (3) suggestions for strategies and
practical recommendations to overcome these challenges.

The remainder of the paper is structured as follows. Section 2 describes the
methodology used in this study, while Section 3 presents the study’s findings. Sec-
tion 4, we discuss the results and offer recommendations for Ph.D. students, re-
searchers, and practitioners. Finally, Section 5 concludes the paper and suggests
avenues for future research.

2 Methodology
We carried out this research in two steps. First, we compiled a list of challenges
based on existing models and known challenges in industry-academia collabora-
tion. Second, we surveyed a sample of Ph.D. projects to quantify the prevalence
and impact of these challenges.

2.1 Identification of challenges
To compile the list of challenges, we initially reviewed four papers [5, 6, 8, 10] on
industry-academia collaboration in software engineering research. We primarily
relied on the systematic literature review by Garousi et al. [5], as it comprehen-
sively reviews challenges and best practices in industry-academia collaboration
in software engineering research. The remaining papers served as supplementary
sources to identify additional challenges not covered in the literature review.

2.2 Survey of challenges
Population

We focused on Ph.D. student projects in software engineering in Sweden. These
projects are typically fully funded, and students are employed either by the uni-
versity (academic Ph.D. student) or companies (industrial Ph.D. student). Even
in industrial Ph.D. student projects, at least one supervisor is formally affiliated
with a university. During their Ph.D. studies, most Ph.D. students work with one
or more companies. For industrial Ph.D. students, their employing company in-
fluences their research topic. Along with the Ph.D. studies, where the students
are expected to conduct and publish research on a specific topic, the students also
learn how to collaborate with industry partners. Thus we consider the Ph.D. student
projects a good population to study the challenges of industry-academia collabo-
ration in software engineering research.

Specifically, we selected the Ph.D. projects from the software engineering
research groups at Lund University (LU) and Blekinge Institute of Technology
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(BTH), two Swedish universities. These two groups are appropriate for this study
because of the number of people engaging in software engineering research, re-
search output and recognition, diversity of research topics, and industrial engage-
ment. Our choice can be considered convenience sampling, as the authors of this
paper are affiliated with these universities, which facilitated access to the research
groups and participants.

Data Collection

At the time of the survey, there were 5 Ph.D. students at LU (including the first
author of this paper) and 13 at BTH in the respective software engineering groups.
To complement the sample, we additionally invited more experienced recent Ph.D.
holders. In total, we invited 19 individuals to participate in the study, of which 12
accepted and completed the survey.

We collected data through an online1 questionnaire, based on the list of com-
piled challenges. The survey was open for nine weeks, during which we sent re-
minders to participants to encourage them to complete the survey.

The survey consisted of two parts: the first part gathered general information
about the participants, and the second part collected data on the challenges they
faced and the strategies they used to address them.

We presented the 58 identified challenges, organized into 13 categories. For
each challenge, participants were asked to indicate: (1) if they had experienced it,
(2) if they had observed the situation we described as a challenge, but they did
not consider it a challenge, and (3) for the challenge where a respondent agrees
that it is indeed a challenge, we ask them to rate the impact of the challenge on
collaboration on a three-point scale (low, medium, or high impact). Participants
were also asked to share open-ended, free-text responses describing their strategies
for addressing the challenges within each category.

Data analysis and ranking

We ranked the challenges based on their prevalence and impact, i.e., the number
of participants who consider a given challenge to have either a medium or high
impact on their collaborations. The rationale behind this approach was to identify
challenges that significantly affect the respondents’ experiences and distinguish
them from those that respondents did not consider challenging.

To analyze open-ended questions, we used qualitative content analysis [11].
We coded, and grouped the strategies suggested by respondents to address the
challenges. We began by reading through the responses to gain a comprehensive
understanding of the data. Then, we formulated a strategy code (ST#) for each
response describing the strategy used to address the challenge and mapped the

1We distributed the survey online using an online survey tool, Sunet Survey, available for resear-
chers at Lund University.
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strategies with the related challenge. Even though the questions were organized by
challenge, this step was necessary to consolidate similar strategies and clarify any
ambiguous strategies. The first author completed the coding and analysis, which
the third author then reviewed.

2.3 Threats to validity

External validity is about the ability to generalize the findings of the study. As we
aimed to identify challenges faced by Ph.D. students, the study’s target population
and sample surveyed comprised Ph.D. students. Even though the students get sup-
port from their supervisors and other colleagues, they still answer as rather junior
researchers, which should be considered when interpreting the results.

Our primary focus on two research groups in software engineering may also
lead to a sampling bias, as the participants from these groups could experience a
subset of challenges compared to those from other institutions.

The small sample size and response rate might affect the generalizability of the
results and introduce potential biases. Future research should address these limita-
tions by expanding the sample to include diverse research groups and institutions,
refining the list of challenges iteratively, and employing alternative data collection
methods to increase the representativeness.

Concerning the criterion validity (e.g., [7]), the completeness of the list of
challenges may be limited, as some challenges could have been missed or un-
derrepresented. However, we based the list on the available literature, including a
comprehensive systematic literature review [5] (for details see Section 2.1).

3 Results

In this section, we present the results organized into four subsections. Section 5.3de-
scribes the identified challenges.Section 3.2 provides an overview of the partici-
pants and their survey responses. Section 3.3, presents the most impactful chal-
lenges experienced by the participants. Finally, Section 3.4 presents the mitigation
strategies suggested by the respondents.

3.1 Identified challenges

Describing the challenges began with mapping them to the model of communi-
cation distances between researchers and practitioners by Bjarnason et al. [2].
However, we soon realized that since we were also interested in more general as-
pects of collaboration, as explored by, for example, Garousi et al. [5] and Marijan
and Sen [8], some of the challenges could not be attributed to communication
distances. Instead, they were related to the people involved or the nature of the
research performed. Thus we created three overarching groups of challenges:G1
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– Communication distances, G2 – People involved in collaboration, and G3 – Re-
search work. Within these three groups (G1 – G3), we defined 13 categories CH1
– CH13 (see Table 1) to group similar challenges.

After establishing the groups and defining the initial categories, we categorized
challenges from the literature. We first categorized 48 challenges from Garousi
et al. [5] and complemented them with additional challenges from Marijan and
Sen [8] focusing on technology readiness (e.g., Ch 13.4 and Ch 13.5) and release
cycles (e.g., Ch 2.3).

It is important to note that there is no one-to-one mapping between the chal-
lenges from the initial papers [5, 8] and the ones in this study, as some aspects
are more detailed (e.g., motivation) in this study since we are focusing on Ph.D.
projects. Similarly, some challenges were not included in the survey as they did not
apply to Ph.D. projects, such as financial investment in academia or competition
between internal and external researchers.

After creating an initial questionnaire with 53 challenges, we reviewed the
list. We added five more challenges that considered relevant aspects, including
language differences (Ch 11.2), ways of doing work (Ch 9.4), having managers on
board (Ch 4.7), and time distance (Ch 2.1, 2.2, and 2.3). Detailed descriptions of
the groups and categories are presented below.

G1: Categories related to communication distances

This group of categories focuses on challenges related to communication dis-
tances. This encompasses various factors that affect communication, such as geo-
graphical distance, time constraints, cultural values, and organizational factors [2].

Geographical distance CH1 can hinder face-to-face communication and relationship-
building. The physical separation between researchers and practitioners and the
perceived difficulties of moving between locations can create barriers affecting the
project. Temporal distance CH2, involves differences in time available for com-
munication due to varying time zones, working hours, and times of the year when
participants are available. These factors can make synchronizing communication
more difficult.

Socio-cultural distance CH3 refers to differences between researchers and prac-
titioners in values, social norms, and culture. These disparities can make it chal-
lenging to establish effective communication and understanding between the par-
ties.

Organizational distance CH4 arises from different structures and rules for re-
searchers and practitioners. Challenges like divergent interests and goals, person-
nel changes or reassignments, and lack of resources allocated for research may
create obstacles in establishing successful collaboration. Discrepancies in time
horizons CH5 further complicate collaborative work. Researchers often focus on
long-term objectives, while practitioners may prioritize short-term goals. Aligning
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Code Category Description

G1: Communication Distances
CH1 Geographical

Distance
Geographical distance involves physical separation
and the perceived challenges of traveling between lo-
cations.

CH2 Time Constraints Differences in the time available for communication,
including different time zones and working hours.

CH3 Values and Cul-
ture

Distances in values, social norms, and culture due to
their different backgrounds, roles, and working envi-
ronments.

CH4 Organizational
Factors

Related to the organizations having different interests,
goals, and policies affecting collaboration.

CH5 Different Time
Horizons

Differences in time horizons of researchers and prac-
titioners.

CH6 Communication
Tools

Communication tools to support communication in-
cluding access, availability, quality, and willingness
to use the tools.

G2: People involved in the collaboration
CH7 Availability and

Accessibility
Availability and accessibility include identifying and
contacting the right person in the organization.

CH8 Motivation and
Willingness

Motivation or willingness to collaborate

CH9 Knowledge and
Skills

Differences in knowledge and skills affecting commu-
nication and collaboration.

CH10 Beliefs and Ex-
pectations

Related to the pre-existing beliefs and expectations on
how to work together, affecting communication.

G3: Research Work
CH11 Terminology and

Language
Differences in the terminology and language causing
potential misunderstandings.

CH12 Research Rele-
vance

Relevance of the research to the practitioners’ needs
and interests.

CH13 Maturity of Re-
search

Maturity of research outcomes and practitioners’
needs and expectations, including difficulties imple-
menting and scaling outcomes

Table 1: Overview of challenge categories in industry-academia collaboration
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the organizations, goals, and objectives may be challenging due to these differing
perspectives.

Lastly, differences in communication tools CH6 can also be a challenge, as
researchers and practitioners may use different tools or have other preferences for
these types of tools making it harder to communicate and collaborate.

G2: Categories related to people involved in collaboration

The second group of categories addresses challenges related to the people involved
in the collaboration.

Accessibility and availability CH7 refer to difficulties in coordinating sched-
ules and finding mutually convenient communication times. Overcoming these
barriers is essential for fostering effective communication and relationship-building
between researchers and practitioners.

Motivation CH8, plays a crucial role in aligning the goals and interests of re-
searchers and practitioners. Misaligned objectives can hinder the achievement of
desired outcomes, making it hard to realize the benefits of collaboration.

Ensuring that researchers and practitioners possess the necessary knowledge
and skills CH9 is another critical aspect of collaboration. Gaps in knowledge or
skills can impede progress, potentially leading to a loss of motivation, interest,
and lower quality outcomes. Lastly, managing beliefs and expectations CH10 is
vital when working together to avoid misunderstandings and misalignment of ob-
jectives.

G3: Categories related to research work

The third group of categories addresses challenges related to the research work,
encompassing terminology, language, research relevance, and technology readi-
ness.

Terminology and language CH11 can pose challenges in two ways. Firstly, re-
searchers and practitioners may develop distinct concepts and terminology to de-
scribe their domains, making it difficult to understand each other. Secondly, finding
a common language (e.g., Swedish or English) or the level of fluency in a language
can present barriers to communication.

Ensuring research relevance CH12 is crucial for a collaborative project. Align-
ing research goals and objectives with the company’s needs can be challenging, as
each party may have different perspectives on what is relevant to the other.

Technology readiness CH13 refers to ensuring that the technology used in the
collaboration is appropriate and capable of meeting the research needs. Further-
more, the maturity of the technology plays a role in determining its suitability
for real-world applications. For example, research prototypes or lab-based exper-
iments may not be mature enough for production use or may require significant
adaption to be integrated into practical applications.
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3.2 Survey participants and data overview

We received 12 responses from Ph.D. students and recent Ph.D. holders. Six re-
spondents belonged to Blekinge Institute of Technology (BTH) and six to Lund
University (LU), indicating a balanced representation. Among the respondents,
three were industrial Ph.D. students, and nine were academic Ph.D. students. All
the respondents had previous industrial experience (at least 1 year) before starting
their Ph.D. studies. The respondents have been working on their Ph.D. projects for
1 to 5 years, with an average of about 2.5 years.

Table 2 presents an overview of the responses for each challenge with eight
columns: CH (column 1) for the challenge category CH1–CH13, Ch.Sub (column
2), as the identifier for each unique challenge, Challenge description (column 3),
and the number of respondents for different levels of a challenge’s impact are in
columns 4–8. Here NE (column 4) indicates if the respondents have not experi-
enced the stated challenge in practice. Similarly, SE (column 5) is a situation the
respondent has observed but does not consider a challenge. While LI (column 6),
MI (column 7), and HI (column 8) represent low, medium, or high impact chal-
lenges, respectively.

The cells for columns 4–8 have a background color that indicates the relative
number of responses for each level of impact. A darker color indicates more re-
sponses, while a lighter color indicates fewer responses. For instance, Ch 10.4 and
Ch 10.5 have a dark background color for the NE column, indicating that most
respondents have not experienced these challenges (10 and 11 respondents, re-
spectively). In the challenge description, some challenges have been marked with
arrows (up or down) based on the ranking approach described in Section 3.3.

3.3 Challenges ranking and impact

In Table 2, we marked the challenges that have more than four respondents expe-
riencing them as High Impact (HI) or Medium Impact (MI) with an upward arrow.
Similarly, challenges with no respondents experiencing them as high or medium
impact were marked with a downward arrow before the text of the challenge.

Challenges (Ch5.1, Ch13.4, Ch8.3, Ch8.2, Ch4.2) are the top 5 challenges,
which had 6 or 5 respondents experiencing them as medium or high impact, as
ranked according to the approach outlined in Section 2.2.

3.4 Strategies used to address the challenges

Strategies for challenges related to communication distances

Researchers and practitioners can conduct online meetings and use company VPN
to remotely access resources (ST1) to bridge the geographical distance CH1. This
is even possible for activities like data collection with interviews. As physical
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meetings are important, organizing workshops to connect researchers and prac-
titioners after transitioning to remote collaboration (ST2) can be beneficial. At-
tending conferences with companies of interest present (ST4) can also foster con-
nections between researchers and practitioners.

Addressing time constraints and scheduling CH2 involves researchers prior-
itizing proper research over speedy results, taking the necessary time to prepare
(ST8), remaining adaptive and flexible (ST9), and inquiring about working sched-
ules in advance to create an appropriate research plan (ST10).

To overcome challenges related to sociocultural distance CH3, researchers can
present their work as a perspective to consider rather than an absolute truth (ST11).
They can also meet up at conferences, give presentations, engage in hallway chat,
and get to know the company representatives (ST12). Reaching out to practition-
ers, being persistent, using personal contacts, and personalizing communication
(ST13) can also help. Furthermore, respondents suggested encouraging practition-
ers to reach out to academia for collaboration (ST14), and consider working with
an alternative company if the initial one is not responding (ST15).

Regarding organizational distances CH4, promoting research and articulating
collaboration benefits (ST16) can strengthen connections. Trust can be built by
signing NDAs to maintain the confidentiality of data, tools, and results. Involving
one potential champion at every step of the research project (ST18) and working
together to build a long-term relationship with practitioners (ST19) can further
cement trust. Connecting with individuals not companies, and limiting manager
involvement (ST20) can foster more genuine connections.

Managing different time horizons CH5 requires researchers to quantify the
potential benefit of a long-term project to make it tangible and attractive (ST21).
Open communication and clarity on progress and expectations (ST23) can help
align time horizons. Both researchers and practitioners face time constraints, so
planning articles’ publication schedules is essential (ST24). Providing an early
report with initial analysis to the case company as feedback (ST25) and framing
the question so that it has value “now” (ST26) can help bridge the gap between
different time horizons.

For communication tools CH6, video conferencing tools like Zoom (ST27) can
facilitate communication and collaboration between researchers and practitioners.

Strategies for challenges related to the people

Collaborating with industry partners requires effective communication and a cer-
tain level of motivation and willingness to exchange on both sides. To address
accessibility and availability challenges CH7, researchers can seek help from prac-
titioners (ST28) and identify a company champion to help drive the collaboration
from their side (ST29). Regular follow-ups to build relationships (ST30) and using
personal contacts while being assertive when necessary to reach the right people
(ST31) can help to maintain commitment from both parties.
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To address challenges related to motivation and willingness to exchange CH8,
researchers can be proactive, well-prepared for meetings, and minimize the work-
load for the other party(ST38). Facilitating collaboration for practitioners and re-
questing meetings to develop commitment were also identified as effective strate-
gies (ST39, ST40).

Addressing differences in knowledge and skills CH9 may require strategic
approaches, like an “onboarding” phase with a new collaborator, “shadowing”
stakeholders to learn about the practitioners’ context (ST36), adapting reporting
styles based on the audience, and asking practitioners to teach and explain rele-
vant knowledge (ST37, ST38).

Challenges related to beliefs and expectations challenges CH10 can be ad-
dressed by clearly defining the expectations, goals, and, timeline-plans for the re-
search, and communicating them with industry partners (ST39). Using technical
terminology, providing concise reports to the industry, explaining project time-
lines, and adjusting them to meet industry partners’ deadlines were also identified
as effective strategies (ST40-42).

Strategies for challenges related to the research work

To overcome terminology and language barriers CH11, holding synchronization
sessions for researchers and practitioners to discuss and harmonize concepts is
beneficial (ST44). Preparing terms and concepts and presenting them in early
meetings helps establish a common ground for collaboration (ST43).

Collaborating with industry partners can also present challenges related to the
research work. Ensuring research relevance to practitioners CH12 can be addressed
by proposing highly relevant topics, identifying common interests at the beginning
of the collaboration (ST45), and framing research outcomes in the language of the
industry by quantifying them in terms of market share and revenue (ST46).

Finally, the challenge of research maturity CH13 arises when scaling research
results to production, especially with cutting-edge technologies. Addressing this
challenge involves employing software engineers from the company to develop
tools for scaling research results to production (ST47). Another strategy is to adapt
to the challenge and give short-term benefits to the industry while collecting data
and making inferences for the long term (ST48).

4 Discussion

4.1 Strategies used to address the challenges

In this subsection, we discuss the suggested strategies by the Ph.D. students orga-
nized according to the phases of collaboration outlined by Garousi et al. [6]. These
phases include inception, planning, operation, and transition or diffusion of results.
Besides the phases, we also include communication and relationship-building.
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The inception phase is crucial for establishing trust and initiating partnerships.
Strategies promoting early engagement, such as workshops (ST2), conferences
(ST4), research promotion(ST16), and benefit articulation, can help lay the foun-
dation for successful collaborations. Adopting a flexible approach when presenting
research and addressing immediate value questions can further engage practition-
ers.

During the planning phase, clearly defining expectations (ST23), goals, and
timelines (ST39) can help align the interests of both parties, setting the stage for a
fruitful partnership. Researchers can ensure more efficient and effective planning
by being aware of costs, schedules, and the practicalities of collaboration (ST10).

As the collaboration progresses into the operation phase, managing the re-
search process becomes increasingly important. Key strategies include conducting
digital data collection (ST3), champion involvement(ST18), and being assertive.
Additionally, considering practitioner workloads (ST10) and actively seeking their
expertise (ST38) can help bridge knowledge gaps and create a more inclusive re-
search environment.

Effective communication of research outcomes is vital in the transition or
diffusion of results phase. Providing timely feedback (ST25), tailoring reporting
methods to suit the audience (ST37), and presenting results in a user-friendly for-
mat (ST40) can enhance the value and impact of the research. In addition, by
framing research outcomes in technical language (ST40) and quantifying them in
concrete metrics(ST46), researchers can make their findings more appealing and
relatable to practitioners.

Communication and relationship building are essential components of the
collaboration process. Implementing strategies such as online meetings, remote
access, video conferencing tools (ST3), and flexible scheduling (ST9) can be ben-
eficial to cultivate a more collaborative environment. Furthermore, by tailoring
communication styles to fit practitioner preferences (ST37) and maintaining open
communication channels (ST23), the overall collaboration experience can be im-
proved.

4.2 Recommendations for Ph.D. students, supervisors,
and practitioners

For Ph.D. students, effective collaboration with practitioners begins with polish-
ing communication and networking skills. This includes attending conferences,
workshops, and industry events to create connections and foster relationships. Un-
derstanding technical language and practitioners’ expectations is crucial to better-
communicating research outcomes in a manner that resonates with practitioners.
Being proactive and well-prepared can make collaborations more fruitful. Stu-
dents should regularly follow up with practitioners and facilitate their involvement
by minimizing the work required on the industry partners’ end. Lastly, students
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should strive to understand the industry context, learn about the sector where their
research is being applied, and identify potential areas of mutual interest.

Supervisors support collaboration by facilitating networking opportunities,
guiding communication, and navigating the differences between academic and in-
dustrial contexts. They can also create a supportive environment by fostering open
dialogue between students and practitioners, helping to establish clear expecta-
tions and plans for collaborative research. Furthermore, supervisors can mentor
students on relationship building, emphasizing the importance of trust and strong
connections in collaborative research. Ultimately, this will contribute to forming a
generation of well-trained researchers to collaborate with practitioners and drive
impactful research that benefits both academia and industry.

Practitioners can actively support collaborative research by being open to col-
laboration, engaging with researchers, attending academic conferences, and reach-
ing out to academia for potential partnerships. Their expertise and industry-specific
knowledge can be invaluable to researchers, and their willingness to participate
in discussions can bridge knowledge gaps. Practitioners should also communicate
their expectations clearly, providing feedback on research goals, timelines, and de-
liverables to help researchers align their work with industry needs. Having a prac-
titioner interested in the project, i.e., a “champion” to drive the research project,
facilitate communication, and coordinate with academic partners, can significantly
enhance the likelihood of success of the collaboration. Lastly, practitioners can
support long-term relationships by fostering an environment that encourages on-
going collaboration and recognizes the value of both short-term and long-term
research outcomes.

4.3 About the most and least experienced challenges

Most respondents faced issues related to differences in timeframes (CH5) and ex-
pectations between researchers and practitioners (CH10). Specifically, the chal-
lenge of researchers and practitioners having different timeframes, where practi-
tioners expect the results quickly (Ch5.1), was highly impactful. This difference
in timeframes and expectations can lead to misalignments in research objectives
and hinder effective collaboration. Additionally, the challenge of researchers strug-
gling to move from research prototypes to production-ready solutions (Ch13.4)
was identified as another significant issue, indicating the difficulty in translating
academic research into industry practices and tangible outcomes.

These challenges emphasize the importance of fostering a common under-
standing between researchers and practitioners to bridge the gap between their
goals, expectations, and working methods. While research outcomes are often ex-
pected to be general, abstract, and theoretical, practitioners seek actionable results
immediately applicable to their business context.

By aligning research objectives with industry needs and focusing on produc-
ing actionable results, the collaboration between academia and industry can be
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strengthened, leading to more fruitful partnerships. Strategies such as establishing
synchronization sessions, providing short-term benefits to industry partners, and
actively engaging in communication to address differences in motivation, knowl-
edge, and expectations should be considered.

In addition to these strategies, building mutual understanding and appreciation
for each party’s value to the projects is crucial. This involves researchers show-
ing how theoretical contributions can be translated into practical applications and
practitioners highlighting research benefits for their organizations. Ensuring that
both parties commit to the collaboration is vital to overcome these barriers and
achieving successful outcomes in the Ph.D. projects.

While our study identified particular challenges as less experienced by the re-
spondents, they may still be significant in other contexts. For instance, challenges
such as practitioners not valuing qualitative research (Ch10.5) and academic re-
search being perceived as a waste of time since it does not apply to business
(Ch10.4) were ranked lower in the list. These challenges may be context-dependent
and could arise when there is a lack of understanding or appreciation for the value
of academic research within the industry. These challenges probably received low
ranks as many Ph.D. projects are developed in settings where the industry is in-
volved. The impact of these challenges may vary depending on the specific collab-
oration, the industry sector, and the organization’s culture.

It is important to note that some challenges, although less experienced overall,
were marked by one respondent as having medium or high impact. This suggests
that the severity of these challenges might be underestimated based on the sur-
vey results alone. In such cases, it is difficult to draw definitive conclusions about
the extent of these challenges without further investigation. In addition, it is es-
sential to consider the possibility that these challenges have a higher impact in
different collaboration contexts or when working with diverse industry partners.
Further research is necessary to explore these challenges in different settings and
the strategies that can be employed to address them effectively.

4.4 Impact of new challenges

The survey conducted in this study aimed to assess the experiences of Ph.D. stu-
dents concerning challenges previously identified in the literature [5], as well as
some new challenges not covered in Garousi et al.’s study. Among these newly
identified challenges, several were perceived to have a medium to high impact on
collaborations.

For instance, one respondent considered the geographical distance between
researchers and practitioners (Ch1.1) highly impactful. Time availability-related
challenges, such as different time zones (Ch2.1) and varying release cycles (Ch2.3),
were reported to have a medium impact by one and three respondents, respectively.

Another new challenge, getting managers on board (Ch4.7), was reported to
have a medium impact by two respondents. This finding underscores the need for
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researchers to demonstrate the value and relevance of their research to industry
partners and secure managerial support for successful collaborations. However,
some new challenges did not receive votes for medium or high impact, such as
researchers not having a positive attitude toward industry partners (Ch 3.4) or lan-
guage barriers between researchers and practitioners(Ch 11.2). Interestingly, addi-
tional challenges not included in the initial list by Garousi et al. [5], about tech-
nology readiness and the maturity of research results for industry use (Ch 13.4,
13.5) [8], were marked as highly impactful.

5 Conclusion
In this study, we have explored what challenges are perceived by Ph.D. students
when collaborating with industry partners. We have also identified strategies that
can be used to address these challenges. We identified various challenges related
to communication distances, people, and research work. By systematically catego-
rizing these challenges and analyzing the strategies suggested by the respondents,
we provide a comprehensive framework for understanding and addressing the ob-
stacles researchers and practitioners face when collaborating.

Our findings reveal that effective collaboration in software engineering Ph.D.
projects requires overcoming numerous barriers, including geographical, socio-
cultural, organizational, and time constraints, and addressing differences in mo-
tivation, knowledge, and expectations among collaborators. By implementing the
strategies identified in this study, researchers and practitioners can enhance col-
laboration, leading to more successful outcomes and stronger industry-academia
partnerships.

Future research can investigate the effectiveness of the identified strategies
in different contexts and explore additional factors influencing industry-academia
collaboration in software engineering Ph.D. projects. Additionally, developing guide-
lines and best practices based on this study can support researchers and practition-
ers in navigating and overcoming collaboration challenges.

In conclusion, this study contributes to understanding industry-academia col-
laboration in software engineering Ph.D. projects and provides a valuable resource
for researchers and industry practitioners. Furthermore, stakeholders can enhance
collaborative efforts and foster stronger, more fruitful partnerships in software en-
gineering by addressing the challenges and employing the suggested strategies.
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Table 2: Number of responses for each challenge. NE Not Experienced; SE Ex-
perienced but not a challenge; LI Challenge with low impact; MI Challenge with
medium impact; HI Challenge with high impact.

CH Ch.Sub CHALLENGES NE SE LI MI HI
CH1 Ch1.1 Geographical distance between researchers and practitioners. 4 5 2 0 1

Ch 2.1 Researchers and practitioners are located in different time zones 7 4 0 1 0

Ch 2.2 Practitioners are not available at the same time as researchers need them e.g. evenings and weekends 5 4 2 1 0

Ch 2.3 Researchers and practitioners having different release cycles 2 4 3 3 0

Ch 3.1 Lack of prior relationships between researchers and practitioners makes communication difficult 3 4 2 2 1

Ch 3.2 Practitioners are not open to discussing strengths and weaknesses of their practices 5 2 3 1 1

Ch 3.3 Practitioners not having a positive attitude towards research/academia 5 2 2 2 1

Ch 3.4 ↓Researchers not having a positive attitude towards industry/companies 8 2 2 0 0

Ch 4.1 ↑Different interests and goals among the organizations 5 2 1 3 1

Ch 4.2 ↑Change or turn over of practitioners and contact persons in the organizations 4 2 1 3 2

Ch 4.3 ↑Organizations not having resources to invest in research 6 1 1 3 1

Ch 4.4 Organizations do not want to discuss what they consider to work well 8 2 0 1 1

Ch 4.5 Organizations do not want to discuss what they consider to be their competitive advantage 9 2 0 0 1

Ch 4.6 ↓Difficult to handle communication with practitioners from multiple organizations 8 2 2 0 0

Ch 4.7 Hard to get managers on board to support research projects 6 1 3 2 0

Ch 4.8 Researchers do not have access to data due to intellectual property restrictions 7 1 1 2 1

Ch 4.9 ↑Researchers do not have access to companies' infrastructure due to technical restrictions 5 3 0 2 2

Ch 5.1 ↑Researchers think and work in long-term and practitioners in short-term 3 2 1 4 2

Ch 5.2 ↑Hard to get managers to invest in long-term research projects 6 0 2 3 1

Ch 5.3 ↑Researchers need to work quickly to meet the needs of practitioners 4 2 2 3 1

Ch 6.1 ↓Researchers and practitioners use different tools, e.g., slack vs. email 3 8 1 0 0

Ch 6.2 ↓Researchers do not have access to practitioners' tools, e.g., ms teams, slack, internal wiki 7 4 1 0 0

Ch 6.3 ↓Issues with digital tools, e.g., slow internet connection, unstable connection, lack of audio/video, 8 3 1 0 0

Ch 7.1 Researchers face problems contacting the right practitioners in the organization 2 3 4 1 2

Ch 7.2 Practitioners are not available to talk to researchers 4 4 1 1 2

Ch 7.3 ↑Practitioners take a long time to respond to researchers 3 2 3 2 2

Ch 7.4 ↑Communication is not frequent enough 4 4 0 4 0

Ch 8.1 Researchers have little interest in participating in collaborative research projects 9 1 0 2 0

Ch 8.2 ↑Practitioners have little interest in participating in collaborative research projects 4 1 2 3 2

Ch 8.3 ↑Problems to keep the motivation of practitioners in the research project 4 0 3 3 2

Ch 9.1 ↑Researchers need time to learn the business context and tools used by practitioners 2 5 1 3 1

Ch 9.2 Researchers do not know the company processes and development cycle 2 7 1 1 1

Ch 9.3 Researchers or practitioners are not updated on the latest technology innovations 5 4 2 1 0

Ch 9.4 ↓Researchers and practitioners have different ways of doing tasks, e.g., modeling 5 3 3 0 0

Ch 9.5 Practitioners do not have time to teach researchers about their practices 5 5 1 1 0

Ch 9.6 Practitioners lack training in software engineering theory 5 5 0 1 1

Ch 9.7 Practitioners lack skills to work with research results 3 5 1 1 2

Ch 10.1 Researchers overestimate practitioners' research participation. 4 4 3 0 1

Ch 10.2 Practitioners expect researchers to know about everything and be able to solve all problems 8 1 1 2 0

Ch 10.3 ↑Practitioners expect research to be conducted in the same way as companies work e.g agile 6 1 1 4 0

Ch 10.4 ↓Practitioners see academic research as a waste of time since it does not apply to business 10 2 0 0 0

Ch 10.5 ↓Practitioners do not value qualitative research 11 1 0 0 0

Ch 10.6 ↓Practitioners prefer white papers and blogs over research papers 7 4 1 0 0

Ch 10.7 Researchers and practitioners having different views on research evidence 7 2 2 1 0

Ch 11.1 Researchers and practitioners have different concepts and terminologies 4 5 1 1 1

Ch 11.2 ↓Researchers and practitioners do not speak the same language e.g English vs Swedish 8 3 1 0 0

Ch 11.3 ↓Researchers and practitioners do not speak the same dominant language e.g English vs Swedish 5 6 1 0 0

Ch 12.1 ↓Research is not relevant to practitioners 8 3 1 0 0

Ch 12.2 Researchers struggle to understand the relevant problems for practitioners from a business perspective 8 1 1 1 1

Ch 12.3 Selected topics for research are not relevant to practitioners 7 2 1 1 1

Ch 12.4 Practitioners want solutions that could be easily adapted to their context 4 2 3 3 0

Ch 12.5 Researchers do not consider actual needs of industry practice 8 2 0 2 0

Ch 12.6 Tension between research quality and practical applicability 7 0 2 2 1

Ch 13.1 ↑Research outcomes are hard to implement or scale in the organizations 3 3 2 1 3

Ch 13.2 Research results are not exploitable by practitioners 5 1 3 2 1

Ch 13.3 Research results are not well described, or documented making it hard to implement in a new context 8 2 1 0 1

Ch 13.4 ↑Researchers struggle to move from research prototypes to production-ready solutions 4 1 1 3 3

Ch 13.5 Differences in developing and deploying software in academia and industry 5 2 2 3 0
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Abstract

Background: In software engineering, industry-academia is a symbiotic relation-
ship. Researchers need to be aware of the industry to produce relevant research,
while practitioners are educated in academia and could take advantage of empir-
ical research. The SERP taxonomy architecture is designed to support communi-
cation between practitioners and researchers in software engineering. Objective:
The purpose of this study is to analyze to what extent the SERP taxonomy architec-
ture is useful for improving communication between researchers and practitioners
in IoT vulnerability management. Method: We developed a SERP taxonomy for
IoT vulnerability management, SERP-MENTION, in an incremental way. Along
the development, we evaluated the developed taxonomy in a project of industry
academia collaboration. Results: In addition to the taxonomy itself we elabo-
rate on the taxonomy development process and the potential of SERP-MENTION
to support communication between researchers and practitioners within the area.
Conclusions: The SERP architecture can be used in a new field, it is perceived as
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useful by potential users to better describe and communicate research outputs and
practical challenges in software vulnerability management.

1 Introduction

Empirical software engineering is an applied research area. Funding agencies and
industry expect that research in the area of software engineering should affect and
improve practices in industry. This is for example manifested in the “Triple He-
lix” model (e.g. [10]), emphasizing the interplay between university, industry, and
government with funding agencies in innovation systems. Software engineering
research can result in innovations in terms of new products, as well as in improved
processes and tools that can be used in practice. Thus a shared understanding about
practical challenges and proposed solutions between industry and academia is ex-
pected.

Shared understanding requires good communication in both directions of re-
search results and perceived needs. If academia fails to understand what the actual
problems in industry are, there is a risk of conducting irrelevant research in iso-
lation. If communication fails in the other direction and industry is unaware of
research in academia, there is a risk that improvement opportunities are missed.
Poor communication between industry and academia may also lead to that im-
provement proposals are not sufficiently evaluated, e.g., through evaluations of
research findings in form of tools and processes, as it requires collaboration. A
basic assumption of this paper is that the communication between industry and
academia can be improved, and that researchers and industrial organizations can
benefit from the improvement.

Communication can take different forms. It can be direct communication, e.g.
through meetings in joint research or discussions at conferences. It can also be
indirect communication e.g. through published academic papers and technical re-
ports. Regardless how communication is carried out, it is a problem if the com-
municating parts do not view the problem from the same abstraction level, not
use the same terminology, or even understand each others’ terminology. The con-
struction and usage of a taxonomy can improve the communication by providing
a common terminology and understanding of the domain and by catalyzing pre-
ciseness and completeness of problem descriptions. It can also support software
process improvement when it comes to identifying relevant research results. Es-
pecially, in a SERP taxonomy [19] the scope of the classified research results are
described in terms of which parts of the process they cover. In this paper we inves-
tigate if it is possible and meaningful to use a similar taxonomy approach to struc-
ture the area of security vulnerability management. We developed and evaluated a
SERP taxonomy, SERP-MENTION (Software engineering research and practice
in the management of vulnerabilities in the internet of things), in a joint research
project between industry and academia. By developing the taxonomy we aimed to
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study how researchers and practitioners perceived the use of this type of taxonomy
to support the industry-academia communication, how SERP-MENTION can be
used to describe challenges in the industry and solutions in academia, and finally
the potential of the developed taxonomy to link the solutions and challenges. We
report our experiences from applying the SERP approach as well as the resulting
taxonomy.

The outline of this paper is as follows. In Section 2 background and related
research is presented, and in Section 3 the research methodology is presented.
The results from the execution of the research are presented in Section 5 and then
analyzed and discussed in Section 7, before the main conclusions are summarized
in Section 8.

2 Background and related research

2.1 The SERP approach

Many taxonomies have been developed to structure and understand the area of
software engineering. Usman et al. [26] conducted a mapping study on taxonomy
development in software engineering based on 270 primary studies. They con-
clude that there is a strong interest in creating software engineering taxonomies but
few are extended and maintained. Bayona-Oré et al. reviewed literature on meth-
ods and guidelines for taxonomy development and propose a generic method for
taxonomy development within software engineering [6]. Petersen and Engström
proposed the SERP taxonomy architecture [19] for taxonomies, aiming at sup-
porting the matching of software engineering challenges and solutions in context.
Engström et al. further developed and validated a taxonomy, SERP-test, based on
the SERP taxonomy architechture, using the guidelines proposed by Bayona-Oré
et al. [6]. SERP-test has then been extended with details specific for regression
testing to support the search for industry relevant regression testing evidence [2].
In this paper the SERP approach refers to both the taxonomy structure as pro-
posed by Petersen and Engström [19] and the process of taxonomy development
and evolution as proposed by Bayona-Oré et al. [6].

A SERP taxonomy covers three facets for describing practical challenges: 1)
desired effect, 2) context factors, and 3) scope of change. Research solutions are
described by these three facets and one additional facet, 4) intervention. For each
facet a taxonomy of entities are built bottom-up within a community of practition-
ers and researchers having interest in the topic. Important steps in the taxonomy
development are the definition of the scope and purpose, identification of important
terms, increments of validations and updates against its purpose, and deployment
in the community of users.
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2.2 Managing vulnerabilities in IoT

Here, we use the SERP taxonomy structure to develop a taxonomy in the area of
vulnerability management in Internet of Things (IoT). A vulnerability is an ex-
ternally reported problem in software that should be considered to be removed,
otherwise the security of the software can be decreased [18]. The NVD CVE (Na-
tional Vulnerability Database, Common Vulnerabilities and Exposures) database
has an increasing number of vulnerabilities listed [18]. In 2017 only there were
more than 14,000 new vulnerabilities reported. A large share of the vulnerabili-
ties that are reported in the CVE database describe vulnerabilities in Open Source
Software (OSS) components. Since IoT products often are based on OSS, vulnera-
bility management is important in IoT system development and management [17].
Management of vulnerabilities denotes the actions taken to identify vulnerabilities
in code, evaluating their criticality, making changes, and deploying new versions
in operational code [12]. Since it is often costly to deploy changes in operational
products in IoT the ability to identify and analyse vulnerabilities in a reliable way
is crucial, not the least because of the large number of published vulnerabilities.

2.3 Taxonomies in IoT security

SERP-MENTION was developed to support the communication between industry
and research, the purpose differs from other taxonomies developed in the area of
security for IOT, a field where vulnerability management is included. Dosemain et
al. [8] proposed a taxonomy to define the connected objects to IoT, identifying en-
ergy,communication, functional attributes, local user interface and hardware, and
software resources. The possible threats and attacks for IoT have also been ad-
dressed by researchers through taxonomies, Babar et al. [5] classified the possible
threats by the use of IoT, while Nawir et al. [16] identified the network security
attacks. Finally, Adat et al. [1] identified security challenges and provided a tax-
onomy of defense mechanism in IoT.

3 Research methodology

The methodology used in this study share similarities with action research in that
we designed a solution to a problem in one specific case. However, the solu-
tion, SERP-MENTION, was developed and evaluated off-line, in parallel with the
project under study, which was an ongoing industry-academia research collabora-
tion project, and unlike action research we did not change the studied case context
based on the findings.
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3.1 Research questions

The overall goal of the study is to investigate the application of the SERP ap-
proach in a new area, i.e., IoT vulnerability management. Thus the contribution
is twofold: 1) the resulting taxonomy (SERP-MENTION) as such, developed to
support communication between researchers and practitioners in IoT vulnerability
management and 2) a validation of the SERP-approach. The research questions are
as follows:

RQ1 To what extent can the SERP-taxonomy architecture be reused to develop a
taxonomy in the area of IoT vulnerability management?

RQ2 To what extent is SERP-MENTION useful for improving the communica-
tion about vulnerability management between researchers and practitioners?

RQ3 To what extent is SERP-MENTION useful for linking research outputs and
practical challenges?

To answer the first question we apply the SERP-approach to develop SERP- MEN-
TION and reflect on the procedure. The second question is answered by conduct-
ing interviews and a workshop, and by applying the taxonomy to a sample set of
research papers. The third question is answered by mapping practical challenges
identified in the workshop and literature with research results identified in the lit-
erature.

3.2 Project under study

Since we are investigating industry-academia communication, our case under study
is a research project involving both practitioners and researchers. The goal of the
studied research project was to develop support for working with vulnerabilities in
industrial IoT software development and maintenance. The project was executed
in a time period of about 3 years and consisted of partners both from the university,
industrial organizations working with software development, and an institute tak-
ing a role resembling that of universities. In total two university research groups,
one research institute, and six industrial organizations were involved. The project
was funded by a national funding agency and the industrial organizations partici-
pated with in-kind funding. In the project, support was developed both in the form
of software tools, and in the form of a process improvement model for working
with questions related to vulnerability management.

3.3 Research process

We followed the steps in Figure 1. The first version of the taxonomy was devel-
oped starting with the SERP-taxonomy architecture [19]. We reviewed a set of
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Figure 1: Research steps

standards, identified in a first literature search, and mapped the extracted require-
ments to the SERP-taxonomy architecture1.

Two interviews were conducted with senior researchers who participated in
the research project. The first interviewee is also the third author of this paper. The
second senior researcher has more than 10 years of experience in cryptography and
software security. The purpose of the interviews was to identify if the researchers
recognized a communication gap in the project, to evaluate if the SERP approach
seemed to be a way to bridge the gap and to evaluate the proposed taxonomy.
The interviews were semi-structured with a set of questions formulated before
the interviews. Questions covered the interviewees role and experience, foreseen
challenges, comments about the current version of the taxonomy, expectations on
the project, design decision during the project, and thoughts about possibilities and
challenges when using the results of the project.

As the next step, a workshop was carried out with participants involved in the
case research project. In total 9 people were involved, 4 persons from industry,
3 from academia, and 2 from research institutes. The workshop had two objec-
tives, to analyze the usefulness of the taxonomy for describing challenges, and
to identify entities that were lacking in the taxonomy. At the workshop we there-

1The interview and workshop protocol are available at http://doi.org/10.5281/zenodo.
3234676

http://doi.org/10.5281/zenodo.3234676
http://doi.org/10.5281/zenodo.3234676
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fore instructed the participants to carry out three activities. First they formulated
improvement goals on the form “To achieve effect for context in scope” without
using the taxonomy. Then they tried to rewrite them using entities provided in the
taxonomy. This allowed us to compare the results. Finally, they were given the
possibility to propose entities to the taxonomy that would have helped in specify-
ing the challenges further. The feedback from the workshop was the main input
for the third version of SERP-MENTION. After the workshop we incorporated
entities from taxonomies identified in related work, see Section 2.3.

Finally, in the last phase the generality of the taxonomy was evaluated by using
it to describe challenges and solutions derived from a sample set of academic pa-
pers. The papers were retrieved doing a one-level snowballing, taking as seed three
prior papers produced in the research project (papers [7, 12, 17]). This resulted in
the final version of the taxonomy. The set of challenges and solution derived from
literature was then mapped to the challenges derived from the workshop based on
the final version of SERP-MENTION to evaluate the ability of the taxonomy to
link research outputs with real challenges, which is one of the purposes of a SERP
taxonomy.

3.4 Limitations

In addition to constructing a SERP taxonomy for vulnerability management we
have collected and analyzed data, from one industry-academia collaboration, about
the approach as such, through interviews, a workshop and a literature review.
Trustworthiness of this type of qualitative research can be assessed not only in
terms of validity, but also in terms of generalizability and reliability [21].

Generalizability As this is a single study, we cannot draw any general conclu-
sions about the SERP approach from this study alone. However, as a complement
to previous and future studies on the SERP approach, it can provide support for its
value. We support theoretical generalization by providing relevant details about the
context and nature of project under study. The generality of the taxonomy as such,
i.e., SERP-MENTION, was evaluated by applying it to a sample set of papers. Al-
though this evaluation confirms that the taxonomy applies also to challenges and
solution extracted in other contexts than our studied project, it does not confirm
general completeness. This means that the structure of the classified entities may
be reused as is, and in addition new entities may be added to the taxonomy as
the identification of practical challenges and relevant research solutions emerges.
To get a complete overview over the research on vulnerability management, a full
systematic literature review is needed.

Validity To strengthen the validity of our conclusions we have applied a system-
atic procedure for collecting and analyzing the data, and we have been careful not
to overgeneralize our findings. One threat to the validity is researcher bias, since
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the second author of this paper had developed similar taxonomies before and the
third author was involved in the studied industry-academia collaboration project,
and was also one of the interviewees. This threat was mitigated by letting the first
author lead the taxonomy construction process as well as the design of the inter-
views and the workshop and analysis of the data. All three authors were involved
in validating the outcome of each step.

The conclusions drawn about the usefulness of the taxonomy is based on par-
ticipants perceptions and indirect evidence regarding aspects of using the taxon-
omy that could be tested off-line, e.g. improved preciseness of challenge descrip-
tions.

Reliability The reliability of the results refers to the consistency of interpreta-
tions of terms and concepts. This is strengthened by the fact that researchers were
familiar with the tool (SERP) as well as the project under study. However, none
of the researchers were experts on vulnerability management, which may have
negative impact on the validity of the taxonomy. This is mitigated in accordance
with the taxonomy development process [6] by involving domain experts in the
development and evaluation of the taxonomy.

4 Results

4.1 Interview results

In the first interview, the researcher described the evolution in the project, starting
from a potential need identified by researchers to the implementation of a tool that
was used by industrial companies. The tool identifies and evaluates vulnerabilities
in OSS components used in IoT systems. For the tool development, collabora-
tion between researchers and practitioners was required. That is one reason why
a common understanding about the objectives and the way of working of the tool
was needed. Related to the communication gap, the researcher pointed out how
the awareness, concerns, and challenges about security were different for each
company, according to their size, culture, maturity, and type of product or service
offered. However, the need to handle vulnerabilities was relevant for all the com-
panies, which meant that communication was essential to understand needs and
context in the project in order to develop a useful tool. The interviewee was asked
to describe challenges related to IoT security, with and without the first version of
SERP-MENTION. The preliminary result after the exercise was that using SERP-
MENTION can improve the precision and clarity of the challenge descriptions.

The second interview followed the same questions and there were no disagree-
ments, but some additional aspects were discussed. Given that the second inter-
viewee is an expert in information security one purpose was to evaluate the scope
and categories of the taxonomy. The main scope of IoT vulnerability management
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was confirmed by the researcher as an interesting topic in academia, and also as
relevant to companies according to the interviewee’s previous experiences with
industry.

The facets were analyzed and some changes were made. The effect facet was
refined, deleting entities that were out of scope, too general or actually described
activities instead of desired effects. The scope was limited to include only activities
related to vulnerability management instead of the whole IoT product cycle.

4.2 Workshop results

Workshop participants described practical challenges related to IoT vulnerability
management. In the analysis, challenges were classified into three groups A, B,
and C, according to how well they followed the taxonomy after the second task,
i.e., when they were asked to rewrite the challenges based on the taxonomy; A for
correctly following the taxonomy, B for partial adherence, and C for those who did
not follow it at all.

After the second task, it was clear that challenges in groups A and B were
better than those in group C. A better description means that the desired effect,
context and scope were more specific with less internal terminology. It was clear
that the challenges described in group C were still too general. The challenges in
group C also used words related to specific companies, which makes them more
difficult for others to understand. Table 1 shows the A and B challenges described
by the workshop participants.

Concerning the terminology used to describe the challenges, the terms from the
effect facet were utilized, new terms suggested by the participants were added to
the taxonomy in relation to efficiency and trust. From the context facet, just a few
terms were used, while around half of the scope facet were used. Challenges from
groups B and C mixed terms from the scope and the context, some participants
described “the company” or “our project” to describe the scope. These inputs were
taken into account for the new version of the taxonomy. For example, the entities of
the scope facet were reduced to only cover the vulnerability management process
and new entities were added to the other two facets.

For example, one challenge was formulated as “to achieve faster CVE evalua-
tion during the software development for the project” before using the taxonomy,
and as “to achieve quicker and more accurate vulnerabilities management during
the product design for the organization” after using the taxonomy.

4.3 Literature review

To evaluate the generality of the taxonomy we applied it to a sample of relevant
papers. As described in Section 3.3, the sample papers was derived as the relevant
references of the papers produced in the case project. Examples of non-relevant
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Table 1: Challenges described by the Workshop participants
Entry Challenge Description

Ch1 To improve the communication with clients and partners.
Ch2 To improve the speed of decisions about vulnerabilities.
Ch3 To diagnose the importance of identified vulnerabilities.
Ch4 To automatically identify vulnerabilities.
Ch5 To improve the time to patch vulnerabilities.
Ch6 To improve the time to respond to vulnerabilities.
Ch7 To improve the efficiency in evaluating vulnerabilities .
Ch8 To improve the accuracy of the vulnerabilities evaluated.
Ch9 To define a process to handle vulnerabilities.
Ch10 To determine the need for urgency of the response.
Ch11 To more promptly address identified vulnerabilities.
Ch12 To achieve lower cost for identified vulnerabilities in the prod-

uct life cycle.
Ch13 To achieve higher credibility for the company brand in the user

community.

paper are research methodology papers and papers about cyber-security in general,
e.g,. discussing specific vulnerabilities that have been found in products.

From the literature we derived an additional set of challenge-descriptions as
well as a set of solution proposals. These are listed in Table 2. Table 3 shows the
final taxonomy, grey marked, and the mapping of challenges and solutions derived
from the workshop and the literature.

The purpose of this evaluation was to ensure that all entities and categories
of the taxonomy had counterparts in real research outputs or challenge descrip-
tions related to the project under study. For a taxonomy to be used it should be
aligned with the terminology used by the intended users, in our case researchers
and practitioners in IoT vulnerability management.

In this exercise we could see that all categories below level 3 for all facets but
‘intervention’ was useful and sufficient, as all categories were mapped to at least
one of the challenges or solutions, and that no additional categories were needed at
that level to classify the entries. However, the taxonomy at that stage also included
entities at higher levels of detail that were not fully covered. Categories or entities
that were not covered by any challenges or solutions extracted from literature or
the workshop were removed from the taxonomy.

In summary, our literature review and mapping confirmed stability of parts of
the taxonomy as shown in Table 3 and indicated a mismatch between the literature,
standards and industrial needs regarding the details. This mismatch would require
an extensive systematic literature review to be proven and understood, which is out
of the scope for our study. The taxonomy proposed here may however guide such
review.
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Table 2: Practical challenges and research solutions derived from the selected
papers in the literature review

Src Entry Entry Description

[13]
Ch14 To prevent the intruder’s access to the objects that may cause physical damage

or change their operation.
Ch15 To assure security measures for the transmitted data from devices and prevent it

from external interference or monitoring
Ch16 To guarantee the data integrity at the information processing unit

[22] Ch17 To attestate efficiently in a large dynamic and heterogeneous network.
[23] Ch18 To evaluate identified vulnerabilities to identify relevance and impact.

[12] Ch19 To identify relevant vulnerabilities among the huge amount of information about
vulnerabilities.

Ch20 To evaluate identified vulnerabilities to identify relevance and impact.
[4] Ch21 Developers perceive system availability more important than confidentiality.
[24] Sol1 To improve the Instruction Detection Systems, SecAMI calculates a relationship

between attack spreads, detection, and consequences on the availability.

[13]

Sol2 To be able to identify potential vulnerabilities, in any company developing IoT
systems with OSS, track versions of used OSS or COTS versions in the products.

Sol3 To facilitate correctness in the evaluation of vulnerabilities in in any company
developing IoT systems with OSS, track possible threats in software products.

Sol4 To achieve faster and more robust management of vulnerabilities in any company
developing IoT systems with OSS, have a well defined process for identifying
and monitoring sources of vulnerabilities.

Sol5 To achieve a more cost efficient remediation of vulnerabilities in any company
developing IoT systems with OSS, evaluate severity and relevance of vulnerabil-
ities and make decisions for handling and reacting to identified vulnerabilities.

Sol6 To allow a more robust and transparent vulnerability process in any company
developing IoT systems with OSS, communicate vulnerability and security in-
formation, internally and externally in a structured way.

Sol7 To improve transparency, effectiveness and awareness of the vulnerability man-
agement process in any company developing IoT systems with OSS, use
HAVOSS.

[3] Sol8 To increase the vendor’s patch release speed, disclose vulnerability information.
[14] Sol9 To diagnose the importance of vulnerabilities, evaluate with respect to the CVSS

score.

[11]

Sol10 To identify vulnerabilities automatically, apply fuzzing and penetration testing.
Sol11 To detect overflows, follow a combination of automatic approaches.
Sol12 To improve effectiveness of vulnerability, use code review.
Sol13 To respond quickly, vulnerabilities should be reported to companies.
Sol14 To improve reputation, companies should respond more quickly to reported vul-

nerabilities.
[7] Sol15 To improve effectiveness and efficiency of the of vulnerability identification and

assessment in any company developing IoT systems with OSS, use the tool for
mapping vulnerabilities to code.

4.4 SERP-MENTION

In this subsection, we present SERP-MENTION. As described in Section 3, the
taxonomy was developed incrementally. Here the fifth and latest version is pre-
sented. SERP-MENTION enables classification of research results and practical
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Table 3: Mapping of challenges and solutions to SERP-MENTION
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challenges in IoT vulnerability management. Each entry can be described and clas-
sified using the facet-based SERP architecture [19].

The main facets of the taxonomy are intervention, effect, scope and context.
Each SERP facet is the root of a taxonomy of entities grouped in categories (or
nodes). The first and second level of each such category are visible in Table 3.
SERP entries refer to descriptions of practical challenges or research outputs on a
format including entities from the SERP facets. Research results can for example
be expressed like:

To achieve effect during scope in context do intervention.

Challenges are expressed in a similar way but do not include an entity from the
intervention facet. An example of a practical challenge is:

It is a challenge to improve the efficiency of the vulnerability evalua-
tion when OSS is used in the IoT system.

An example of a research result [25] is:

To improve the access control during the patch management, when
having a large number of objects, do implement a security manager
on top of the centralized IoT hub.

Intervention

An intervention is an act performed, to diagnose, solve a problem or improve vul-
nerability management. The interventions listed in Table 3 were extracted from
the research proposals in our literature review. We did not find it meaningful to
categorize this list further. For SERP-MENTION version 1, we added categories
based on requirements derived from the IoT security standards such as: “provide
automated support” and “secure design”. However, during the literature review
and mapping, we found that this classification was not useful as it did not match
the extracted interventions nor was it orthogonal.

Effect

An effect is a target, i.e. what is to be achieved by an intervention. Inspired by
SERP-test [9], we identified three relevant types of effects: improve, solve, and di-
agnose, where improve refers to measurable improvements of the current state.Solve
refers on the other hand to a request for solutions to unsolved problem, e.g. no cur-
rent solution exist to compare with. Finally, diagnose refers to requests for support
in assessing the current situation We identified 10 improvement goals, 2 unsolved
problems and 1 diagnose target, listed in Table 3.
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Scope

The scope entities in SERP-MENTION are activities of the vulnerability man-
agement process. For a solution, it refers to the activity where the intervention is
applied, while for a challenge it refers to the activity for which the effect is de-
sired. We identified 6 such activities, listed in Table 3. Design and development
are activities carried out before the IoT system is deployed; vulnerability identifi-
cation, assessment and patch management after the IoT system is deployed; and
communication with customers, partners, etc. along the whole process.

Context

The context entities are factors that either motivate the need for an intervention or
affect the applicability and effect an intervention, e.g, the use of open source code
when IoT products are developed. The context factors extracted in this study are
categorized to be either people-related, business-related, or system-related. People
factors are related to humans like the culture in the company. Business factors
are constraints given by the business environment or business decisions. System
factors are related to the nature of the IoT systems. We identified one people-
related factor, five system-related factors and four business-related factors, listed
in Table 3.

5 Discussion

IoT is an emergent topic both in industry and academia. An indication of this is the
IoT ecosystem fragmentation and a lack of standards [15]. When a new terminol-
ogy is starting to be established, taxonomies are useful. They allow to reason about
classes of problems instead of specific instances. They can also support commu-
nication by providing concepts and a technical language [20]. In this research this
was seen, e.g., when participants listed challenges. Even though they had experi-
ence and knowledge about security they lacked a common terminology.

To cover the needed terminology, SERP-MENTION was developed with focus
on vulnerability management. We considered both the technical, methodological
and organizational dimensions of IoT vulnerability management. When reviewing
existing taxonomies for IoT security [1, 5, 8, 16] (Section 2.2), we found that they
were partly useful also for our purposes. and thus we decided use some of their
categories to structure the facets in the SERP-MENTION. SERP-MENTION can
be reused and adapted, adding more categories and entities to the facets, also parts
of other taxonomies can be included. A key difference between SERP-MENTION
and previous taxonomies is that SERP-MENTION is designed to support com-
munication between researches and practitioners by providing a way to link chal-
lenges from industry to solutions in academia while the other taxonomies were
focused in describing or gain understanding about specific IoT security topics.
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SERP-MENTION was developed in the context of an industry-academia col-
laboration project. The need for this type of taxonomy was identified, at least by
the researchers, in the project and it was developed in parallel with the project. The
final version of the taxonomy as presented in this paper was completed in the end
of the collaboration project and thus not explicitly used in the project. However, in
retrospect the usage of this type of taxonomy in the project had it already been de-
veloped could probably have helped especially researchers to get a more complete
understanding of important research questions. Furthermore, in presenting results,
a taxonomy like this could probably be useful as a guide, not the least in commu-
nication in academic articles. It would probably also have given a richer and more
consistent terminology in communication within the project.

SERP-test is another SERP taxonomy, also aimed to support the communica-
tion between researchers and practitioners but in the area of software testing [9].
Both similarities and differences are observed. In both cases the scope seems to be
the facet with the highest agreement between how industrial need and research re-
sults are communicated. Similarly, in both cases the intervention facet remains un-
refined as it is hard to find a general and orthogonal classification of interventions.
This facet is not needed for matching purposes, but could be useful for comparing
several solutions to the same challenges. An example of how this is done for a spe-
cial case of testing, regression testing, is provided in a systematic literature by bin
Ali et al. [2]. The first two levels of the ‘effect target’ is identical with the first two
levels of SERP-test, but there is more variation in the details. The case is similar
when it comes to context factors.

To develop taxonomies in software engineering Bayona-Oré et al. [6] have
proposed a method and Usman et al. [26] reviewed that method suggesting some
improvements. The method considers the phases of planning, identification, and
extraction, design and construction, validation, and deployment. In the develop-
ment of SERP-MENTION we followed the phases of the method: Planning is part
of the research steps, the design and construction approach was incremental, where
for each increment activities of identification and extraction were developed. The
validation of the taxonomy was carried out in the literature review and the mapping
of the entries to be classified.

A taxonomy can be developed top-down or bottom-up. While developing SERP-
MENTION we combined the two approaches. The top-down approach was fol-
lowed when we started from SERP architecture, reviewing standards, and reusing
taxonomies. The bottom-up approach while adding entities that were actually used
when describing challenges and solutions in the workshop and reviewed literature.

6 Conclusions

A contribution of this study is SERP-MENTION, see Sec 4.4, a taxonomy devel-
oped to support communication between industry and academia in IoT vulnera-
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bility management by enabling holistic, precise and unified descriptions of prac-
tical challenges and research outputs. By developing SERP-MENTION we can
reflect on the usefulness of the SERP architecture for this purpose (RQ1). SERP-
MENTION shares the four main facets with the SERP architecture (intervention,
effect, scope, and context). SERP architecture also allows integrating other tax-
onomies partially or completely to describe a specific facet.

A mapping between research and practice is useful in several phases of a re-
search project: Initially, in a collaborative research project, SERP-MENTION can
be used to support expressing the challenges (or research questions) in a precise
and holistic way and to ensure that everyone involved have a shared understanding
of the problem to solve. Further it may guide a search for relevant literature and
when reporting results it ensures that this is done consistently with other practi-
tioners and researchers in the community.

The participants in the project, both from industry and academia, were dur-
ing the workshop able to describe challenges using the taxonomy, in a more pre-
cise way than without. This is a first indication of the usefulness of the taxonomy
to improve the communication in the project (RQ2), although further research is
needed.

During the literature review we mapped, using SERP-MENTION, the research
results identified in the literature and the industrial challenges derived from the
workshop. The mapping helped to validate the developed taxonomy. Furthermore,
it shows the potential of SERP-MENTION to link research and practice or, in case
such links are missing, to visualize a gap between research and practice (RQ3).

Finally, we share some reflections about the development method. An incre-
mental method helped us to quickly incorporate feedback from the previous steps.
A combination of approaches, top-down and bottom-up was useful to map and val-
idate the taxonomy. Involving practitioners in the development process contributed
to giving the taxonomy practical relevance.

SERP-MENTION is not complete but mirrors the main aspect of the research
project under study and its related research literature. It may be used as is or ex-
tended in other projects with similar scope.
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Abstract

Evidence-based software engineering (EBSE) aims to improve research utiliza-
tion in practice. It relies on systematic methods (like systematic literature reviews,
systematic mapping studies, and rapid reviews) to identify, appraise, and synthe-
size existing research findings to answer questions of interest. However, the lack of
practitioners’ involvement in the design, execution, and reporting of these methods
indicates a lack of appreciation for knowledge exchange between researchers and
practitioners. Within EBSE, the main reason for conducting these systematic stud-
ies is to answer the practitioner’s questions and impact practice. However, in many
cases, academics have undertaken these studies without any direct involvement of
practitioners. This report focuses on the rapid review guidelines and presents prac-
tical advice on conducting these with practitioner involvement to facilitate knowl-



114 GUIDELINES FOR CONDUCTING INTERACTIVE RAPID REVIEWS IN SE

edge co-creation. Based on a literature review of rapid reviews and stakeholders
engagement in medicine and our experience of using secondary studies in soft-
ware engineering, we propose extensions to an existing proposal for rapid reviews
in software engineering to increase researchers-practitioners knowledge exchange.
We refer to the extended method as an interactive rapid review. An interactive rapid
review is a streamlined approach to conduct agile literature reviews in close collab-
oration between researchers and practitioners in software engineering. This report
describes the process and discusses possible usage scenarios and some reflections
from the proposal’s ongoing evaluation. The proposed guidelines will potentially
boost knowledge co-creation through active researcher-practitioner interaction by
streamlining practitioners’ involvement and recognizing the need for an agile pro-
cess.

1 Introduction

Software engineering research aims to establish software development practice on
scientific foundations. This ambition requires that research is relevant and acces-
sible for practice. Evidence-based software engineering (EBSE) is one such ini-
tiative to provide the best available evidence to support software development and
maintenance. Often, a single empirical study provides insufficient confidence in
the strength of evidence. There is a need to synthesize available research (where
individual studies often have contradictory results) on a topic of interest. The
EBSE) [31] approach has the following five steps: (1) convert a practical infor-
mation need to an answerable question, (2) identify available evidence to help an-
swer the question, (3) critically appraise the evidence, (4) make evidence-informed
decisions, and (5) evaluate the effectiveness and efficiency of steps 1-4.

The EBSE community has developed several systematic secondary study meth-
ods for steps 2-3, including systematic literature reviews (SLRs) [32], systematic
mapping studies (SMS) [43], and rapid reviews (RRs) [11]. Similarly, several au-
thors have proposed solutions to facilitate step 4 in the EBSE process by introduc-
ing knowledge translation [7] or the technology transfer models [38].

Among the secondary study methods, mainly RR and SLRs are intended to
support changes in practice. The SMSs only develop an overview of existing re-
search on a topic. They are not intended to provide actionable insights for practice.
SLRs risk being less attractive for practitioners because of the time frame needed
to complete them. The time limitation of SLRs is overcome with the use of RRs.
RRs are a variant of SLRs that simplify several steps of SLRs to provide informa-
tion under time restrictions.

However, secondary studies are often conducted without any participation of
practitioners. This lack of involvement can be partly explained by the implied
objectivist view of knowledge [26] in the five-step EBSE process. In steps 2-3,
knowledge is treated as objective, disembodied from the context, and codified,
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which in step 4 is transferred or communicated to practice. We overcome this
limitation by extending the guidelines for RRs guided by the following princi-
ples: 1) Prioritize exchange between researchers and practitioners. 2) The review
is conducted to be relevant for practitioners according to their context. 3) A close
collaboration is expected while doing the review.

This report presents an extension to the existing guidelines for designing and
conducting RRs in SE [11]. It includes an emphasis on iterative and flexible design
and ways to increase practitioner involvement in RRs, we refer to this extended
version as interactive rapid review (IRR).

Like agile software development, IRR aims to bring the stakeholders (practi-
tioners and researchers) of the product (in this case, literature syntheses) closer
together with shorter lead times, increased communication, and flexibility in the
process. The iterative and flexible design recognizes that the information need will
be refined and may change during an IRR. Similarly, the interaction is critical to
developing a deeper understanding of the context where practical information need
is situated and to improve the relevance of the results.

The extension is based on a literature review from evidence-based medicine
(EBM) where rapid reviews are extensively used [28,30,39,50]. We further supple-
ment these with our own experience of having conducted several SLRs targeting
industrial needs (e.g., [1, 3, 15, 16]) and several industry-academia collaboration
projects.

We envision that conducting an IRR based on the proposed guidelines may
foster knowledge co-creation, bringing several benefits. The IRR results tailored
for the practitioners’ needs, improve research utilization in practice. Besides, con-
ducting the IRR favors mutual understanding between practitioners and academics
that paves the way for further collaboration.

The remainder of the report is structured as follows: we describe the related
work and our approach for developing the IRR guidelines in Section 2. In Sec-
tion 3, we describe the complete proposed guidelines for interactive rapid reviews.
We further discuss the use and implication of IRRs in Section 4 and conclude the
report in Section 5.

2 Background

2.1 Secondary studies in software engineering

Researchers in software engineering have widely adopted the use of secondary
studies as a means to synthesize software engineering knowledge [5]. A large
number of SLRs and SMS have been published in software engineering. Also the
process itself, to conduct these secondary studies, has been a research topic, and
some researchers have proposed improvements to the methods and new strategies.
Some examples are snowballing as a search strategy [57], reporting guidelines for
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search [4], study selection procedures [2,42], use of machine learning for automa-
tion of search and selection [46], and studies about when to update SLRs [37].

Recently, Felizardo et al. [19] published a systematic mapping study and a
survey on the value of using secondary studies in software engineering. They ob-
served that secondary studies mainly have been used in academic environments,
for teaching purposes and to identify gaps in research. The value of conducting the
studies is described in terms of ability to develop research skills in students and ju-
nior researchers and to provide insights to plan future research. Little is mentioned
about the interaction with practitioners while conducting the studies or about the
impact of secondary studies in industry.

Some voices in the software engineering research community have claimed
that secondary studies need to connect more with practice. Budgen et al. [6] sug-
gested aspects to improve when reporting systematic reviews to make the results
more meaningful for teachers and practitioners. Le Goues et al. [34] reflected on
the advantage to connect research evidence with recommendations for practition-
ers.

2.2 Rapid reviews in software engineering
Rapid reviews were introduced in software engineering by Cartaxo et al. with the
primary goal to transfer knowledge from academia to industry [8–10]. Like previ-
ously introduced EBSE methods the rapid review term originates from evidence-
based medicine. Cartaxo et al. [11] describe rapid reviews as secondary studies
that aim to “provide evidence to support decision-making towards the solution, or
at least attenuation, of issues practitioners face in practice”. The reviews may be
seen as a variation of systematic literature reviews where some steps are omitted
or simplified to reduce completion time. In medicine, there are variations of the
method to conduct a rapid review, however, the approaches share the following
common aspects:

• The review is conducted in collaboration with practitioners and refers to
practical problems in their context.

• The review is conducted in a short time and at a low cost.

• The review’s results are “reported through mediums appealing to practition-
ers.”

Rapid reviews should not be misunderstood as ad-hoc literature reviews or
lax reviews. Instead, rapid reviews are a systematic approach with a transparently
documented process. Cartaxo et al. propose rapid reviews in software engineering
to be lightweight secondary studies to deliver evidence to practitioners in a short
time to support decision making [11].

Rapid Reviews have two characteristics that make them a good candidate for
connecting research and practice. First, they are conducted in a short period of
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time, which is probably appreciated by practitioners. Second, the studies are framed
in the context of practitioners making the results relevant for them. This report
elaborates on the researcher-practitioner interaction in such studies and describes
the procedure for conducting interactive rapid reviews (IRRs).

2.3 Stakeholder engagement in secondary studies

In EBM, rapid reviews are used to support policy decision [30,40,41,53], support
decision-making under tight schedule restrictions [25,44,49,52,53] and to a lesser
extent to identify areas for further research [39]. Deverka et al. [14] investigated the
engagement of stakeholders in secondary studies, and concluded that stakeholder
engagement contributes to developing a shared understanding of the knowledge
and increasing the outcomes’ relevance. In their study stakeholder refers to any
person or organization with a direct interest in the secondary studies’ process or
outcomes and stakeholder engagement as “an iterative process of actively solic-
iting the knowledge, experience, judgment, and values of individuals selected to
represent a broad range of direct interests in a particular issue”. In 2017, the world
health organization (WHO) published a guide about rapid reviews to strengthen
health policy [51]. The guide was compiled by researchers and provide practical
advice regarding various aspects of rapid reviews. Among other things, the guide
addresses how to engage policymakers and health system managers in conducting
rapid reviews.

3 Interactive Rapid Reviews

In this section we describe the preliminary steps for conducting an IRR and pro-
pose ways for researchers and practitioners to interact throughout the process. We
base the proposal on a literature review of the use of rapid reviews in EBM, in-
cluding 48 meta-studies and reflections on the method. The presented procedure
is aligned with the one proposed by Cartaxo et al. [11] and reflects our own ex-
periences of conducting interactive literature reviews [1]. Fig. 1 shows the activity
flow to conduct the review.

Our proposal for IRR consists of five steps that are described in more detail
later in this Section. The first step is to prepare the IRR and identify information
needs based on a practical problem. In the second step, the research questions are
identified, and an initial version of the IRR protocol is developed. The protocol
keeps track of decisions and activities throughout the IRR. The third step consists
of searching and selecting papers to find a limited set of papers to answer the
research questions. Decisions about terminology and relevance are validated with
practitioners. Based on the selected set of papers, the IRR report and dissemination
documents are co-designed and developed during the fourth step. Finally, in the
fifth step, the results are disseminated among the practitioners. Notice in Fig. 1.
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that the steps are conducted interactively with practitioners and that the general
flow is iterative, where according to the feedback, the step outcomes are refined.

Figure 1: Workflow for performing an IRR

Table. 2. shows the central steps of an IRR in the first column (these have been
adapted from Cartaxo et al. [11]). The second column highlights the contribution
of our proposal with activities suggested to promote interaction with practitioners,
and the third column lists the outcomes for each step. In the rest of this section we
discuss each of these steps and possible interaction in more detail. Note that, when
conducting an IRR the following general aspects should be considered:

• An IRR can be conducted in many scenarios throughout the researcher-
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practitioner relationship. The main goal of this type of review is not to pub-
lish a research paper, but to align communication between stakeholders and
gain relevant knowledge to solve a practical problem.

• An IRR is preferably lead by researchers as they have more experience deal-
ing with the scientific literature. Practitioners provide insights to keep the
IRR relevant for practice with a consideration of their context.

• Conducting an IRR is an agile process. Similar to agile software devel-
opment, our proposal for IRR embraces the following principles: smooth
communication between researchers and practitioners; meaningful results
in context; joint work with practitioners; and response to change and flexi-
bility.

3.1 Prepare the review

Fig. 2. shows the activities to prepare the review. In this step, the review team is
formed, and information need is identified and described in context. The interac-
tion between researchers and practitioners aims to get a commitment to performing
the IRR and identifying a context-relevant problem for the IRR.

Figure 2: Prepare the review aims at get a shared understanding of what is an
IRR, the expected outcomes, and to plan the work ahead
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Step Activity to promote interaction Outcomes
1. Prepare the
review

1.1. Form an initial review team of resear-
chers and practitioners.
1.2. Present IRRs (typical aims, process, ex-
pected outcomes, timeline and commitment).
1.3. Collaboratively, identify and rank a list
of information needs appropriate for an IRR.
1.4. Choose a prioritized information need of
mutual interest.
1.5. Agree on practitioners’ involvement and
update the review team.
1.6. Input meeting: to present current prac-
tices and context.

Review
team
Description
of informa-
tion need
Review
topic

2. Identify
research
questions and
develop the
IRR protocol

2.1. Jointly, define the research questions.
2.2. Prepare and validate with practitioners
the search strategy and inclusion/exclusion
criteria.

IRR Proto-
col

3. Search and
select papers

3.1. Perform the search. Present and validate
the search results.
3.2. Apply inclusion/exclusion criteria
3.3. Update / extend the search

Papers to an-
alyze

4. Extract and
synthesize
data

4.1. Co-design IRR reports and dissemina-
tion documents
4.2. Extract information and elaborate re-
ports
4.3 Reaction meeting: present the initial re-
sults to the practitioners involved

Reports
and dis-
semination
documents

5. Dissem-
inate IRR
results

5.1. Identify the audience and medium of
communication
5.2. Disseminate results to practitioners
5.3. Practitioners disseminate to other practi-
tioners
5.4. Disseminate results to academic audi-
ences

Reports
and dis-
semination
documents

Table 2: A list of activities proposed to increase the involvement of practitioners
in rapid reviews (the steps in the first column are adapted from Cartaxo et al. [11]

Researchers lead the process to conduct the IRR. First, they form an initial
review team based on the broad SE knowledge area (like software testing or re-
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quirements engineering) and the practitioners’ interests. Ideally, the review team
should comprise at least two researchers, but it may be formed only by one re-
searcher. Having at least two researches enriches the discussion and helps to im-
prove the reliability of the study. It is even better if one of the researchers has
experience conducting a systematic secondary study like SLR, SMS, or RR. Dur-
ing the review, the review team performs the search, selects papers, extracts, and
synthesizes knowledge. Practitioners may or may not directly participate in these
tasks depending on their degree of involvement. However, throughout the IRR,
they are expected to, at the very least, have communication channels open with the
review team to answer questions and provide feedback related to the relevance and
context. Before starting with the review, researchers and practitioners need to clar-
ify mutual expectations, agree non-disclosure agreements if applicable, and define
roles and responsibilities [29].

In an initial presentation meeting, researchers introduce an overview of the IRR
method, outcomes, roles, and responsibilities. This presentation helps to develop a
shared understanding of expected outcomes and commitment. Before, the meeting,
researchers do a preliminary search to get a sense of the literature in the field and
support the dialogue with practitioners. Secondary studies are especially useful for
this purpose [30, 36].

When practitioners have proposed the IRR topic concerning a practical prob-
lem, researchers and practitioners continue to identify context elements and re-
search questions. Although, they have identified a practical problem they may need
to specify the IRR scope further. To narrow the review topic, researchers may pro-
pose a shortlist of topics to the practitioners based on the results of the preliminary
search and the practical problem [14]. With the list of topics, the practitioners rank
the suggested topics according to their problem in context or suggest other direc-
tions. This exchange helps to agree on the IRR topic and contributes to making it
interesting for both researchers and practitioners.

After the meeting, the review team may be updated with practitioners or new
researchers. According to the practitioners’ interest and familiarity with scientific
literature, their participation may vary from being part of the review team to only
provide feedback at specific points, e.g., clarifying terminology or the relevance
of specific studies. The review team defines practical aspects like communication
channels, file sharing, meetings calendar, and estimate the practitioners’ time re-
quired to conduct the review, including both meetings and time required to answer
questions.

Researchers need to get a good understanding of the practical problem and con-
text variables. Researchers and practitioners may have an input meeting. During
the input meeting, practitioners present the current practices in their context [14].
This meeting allows the review team to get a first approach to the research ques-
tions and keywords when preparing search queries.

At the end of this step, a team for the review has been formed. The team has
an initial view of the problem in the context of practitioners. The review team has
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a preliminary sense of research in the field and defined some practicalities like
communication channels, meetings calendar, and follow-up meetings.

3.2 Develop the IRR protocol

For this step, we suggest two activities (see Fig. 2) related to define research ques-
tions with practitioners and prepare and validate the search strategy and inclu-
sion/exclusion criteria.

The IRR protocol keeps track of the decisions and steps to conduct the re-
view [21, 23]. During this step, the review team develops the protocol. However,
this step may be revisited and the protocol updated in several iterations as new
insights about both the context and the literature are gained [24, 35]. This favors
the rigor of the study and the trust in the results. The protocol should contain at
least [24]:

• Problem definition

• Research questions

• Search strategy

• Exclusion criteria

• Synthesis methods

• Initial proposals on how to disseminate the results

Figure 3: IRR follows a protocol that keeps track of decisions during the method

Research questions are crucial in the review because the search and knowledge
synthesis is based on them. Practical questions are more suitable for this type of
review, instead of general and broad questions [20]. Compared with SLRs, the
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research question’s scope is narrower as the questions in IRR address practical
questions in a specific industry context [17, 53].

Researchers are used to working with research questions; thus, they may guide
the formulation. They frame preliminary questions based on available literature
and the practical problem. When defining research questions for IRR, it is essential
to ensure alignment with practitioners’ terminology. Questions are refined based
on the exchange between the review team and practitioners to ensure that the final
questions are relevant and include the particular practitioners’ context [24,36]. Af-
ter a preliminary search, the review teams should evaluate if the research questions
are suitable for an IRR according to the existent primary studies. If a preliminary
search does not find related studies, it is probably unsuitable to continue with this
approach.

The IRR protocol includes the search strategy and the inclusion/exclusion cri-
teria. To define the search strategy, the review teams may consider insights from
the preliminary search, the terminology extracted from the interaction with practi-
tioners, and the identified context elements.

In an IRR, the review team uses shortcuts to reduce the number of sources to
analyze and find more specific papers. Some of the shortcuts include [17, 20, 27,
33, 36, 50]:

• Base the review only in secondary studies

• Use only one search engine e.g., Scopus, Google Scholar

• Limit to only studies published in English

• Limit to specific journals and conferences

• Limit from some specific date range

• Limit according to the methodology of the study e.g., case studies.

If the review team may consult researchers with experience in the IRR topic,
they can conduct peer review on the search queries to verify that all related terms
are included [36, 47]. Some other search strategies like snowballing [20] or in-
cluding grey literature may be considered if the review team has experience with
these techniques. Regarding the inclusion/exclusion criteria, fixing strict exclusion
criteria reduces the number of papers and thus favors rapidness [50].

This step should result in a preliminary version of the IRR protocol containing
research questions, and a preliminary version of the search strategy, and inclu-
sion/exclusion criteria. In addition, the review team may have initial ideas about
how results will be communicated and the type of reports and documents to de-
velop.
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3.3 Search and select papers
Through the activities in this step (see Fig. 4), the review team performs the search
and selection of papers. These activities require high interaction with practitioners
to validate specific aspects such as terminology, the relevance of specific studies,
and context elements. The review team may decide to update or extend the search
of sources by conducting snowballing or manual search [20]. These decisions need
to be updated in the IRR protocol.

Figure 4: The search and selection of papers is a critical step to ensure the rapid-
ness and relevance of the IRR

With the search results, the review team applies the exclusion criteria to select
the set of papers included in the review. As in SLRs, the papers’ selection may
be divided into the following activities: Review the titles, read the title and full
abstract, and read the full paper. A common practice in medicine is that only one
team member make decisions about inclusion/exclusion of studies. Leaving the re-
sponsibility to only one reviewer reduces the time and avoids solving discrepancies
about including/excluding specific studies [17, 23, 30, 50].

During this step, the review team may use tools to support the selection of
papers. Felizardo and Carver [18] conducted a systematic search for approaches
and tools to automate the SLR process. They found that selection of studies is the
activity with most tool support. In their study, the authors analyze the different
approaches and provide references to tools. At this point, the review team has a set
of papers to analyze to answer the research questions.
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3.4 Extract and synthesize data

The activities in this step, see Fig.5, aim to prepare and develop the material that
will be used to disseminate the IRR results.

Figure 5: During this task, the review team extracts and synthesizes information
from the selected paper to answer the research questions.

Before extracting information from research papers, the review team designs
initial reports that will be shared with practitioners. This allows the reviewers to
focus on what to search for in the papers. We suggest presenting the result as nar-
rative summaries. A narrative summary is a text that summarizes the findings of
the synthesis. More advanced methods like thematic analysis [13] may be used
only when having a large number of primary studies, and the process will not im-
pact the time to completion. The synthesis is mainly oriented to describe research
results through a narrative summary [22, 45].

In a reaction meeting [14], the review team presents the IRR results to the
initial group of practitioners. The practitioners provide feedback and suggestions
on how to communicate them to a larger audience. Keep in mind that software
engineers, with few exceptions, do not read scientific papers. Thus, the reports
need to be designed in a practitioner friendly manner [30]. Some alternatives are
visual abstracts [48], evidence briefings [12], presentations, seminars, and posters.

3.5 Disseminate IRR results

Fig. 6. shows the suggested activities in this step to disseminate the IRR results.
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Figure 6: The last step in conducting the review is to disseminate the results.

Initially, the results are communicated to the practitioners involved in the re-
view. Later, the results may be shared with other practitioners in the same orga-
nization. For some groups, the diffusion may require to adapt or create new ways
to share the results. For example, one group may need less scientific details, while
others may require only to present tools or source code. These strategies and diffu-
sion actions need to be coordinated with practitioners who know their context and
colleagues better.

Although an IRR’s main goal is not to produce a scientific publication, some
results may be relevant for academic audiences [33, 39]. If it is the case, the re-
searcher may find the appropriate medium and publish the results. Otherwise, and
following non-disclosure agreements, the results may be shared via social net-
works or in other academic spaces such as workshops, university courses, and
online discussion.

3.6 IRR evaluation

Once the IRR results have been disseminated, the review team and the practitioners
evaluate if the IRR results support the initial information needs. A possible result
is that researchers and practitioners want to explore further a specific topic or take
another perspective. Thus, they identify new research questions and apply the steps
again. Another possible result may be the identification of a gap in research. If it
is the case, the results are a starting point to design and support new research.
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In our view, conducting an IRR is an opportunity for mutual understanding
between research and practice. When evaluating the IRR, consider besides the
outcomes the learnings by participating in the review. By getting involved in the
IRR, practitioners develop an awareness of research results and their application in
practice while researchers better understand industry challenges and their context.

4 Discussion

RR emerged in medicine as a faster approach than systematic reviews to synthesize
knowledge from primary studies. While systematic reviews are well-defined, rapid
reviews is an umbrella term that includes a spectrum of related methods. An im-
portant aspect of the approach presented in this work is the knowledge exchange
between researchers and practitioners. In medicine, there are review groups that
work on synthesizing knowledge for decision-making by following standardized
protocols accepted by the community. In software engineering, knowledge syn-
thesis is done by the knowledge-users themselves, either researchers or engineers,
with different approaches and varying degrees of rigor.

In medicine, practitioners rely on and expect input from academia, while in
software engineering, new ideas may be more important than evidence for practi-
tioners approaching academia [55]. Proposed interventions need to be adapted to
and re-evaluated in the new context [54]. This can be seen as an argument for al-
lowing synthesizing knowledge in an earlier stage. However, to enable the validity
assessment of the conclusions drawn, transparency and context-dependency is key.

RR lack a unique method, but there are some similarities to traditional system-
atic reviews. Even if the RR approaches are expeditious, they follow a structural
set of steps where the research questions are defined at the beginning of the re-
view, making it possible to track the review process and, if necessary, repeat it.
Transparency is important since the processes and decision making are faster than
in systematic reviews. For these reasons, all the decisions are documented and
reported.

Interactive Rapid reviews are conducted in less time than systematic reviews
since there is a requirement to have shorter feedback cycles when working with
practitioners who want to receive knowledge to affect their products, processes,
etc. One way of shortening the time in an IRR is to keep a narrow scope. Here
a balance must be decided between answering all relevant questions for a sub-
ject and answering only the questions of interest in the collaboration between the
practitioners and the researcher. Compared to a traditional review, the selection of
subject scope is probably more dependent on practitioners’ interests. To what ex-
tent this means that relevant and important areas in the literature is not prioritized
can be a question for further research.

Another way to decrease the time of IRR is to use shortcuts to expedite the
process. To satisfy the time restrictions, rapid reviews skip steps carried out in tra-
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ditional systematic reviews or limit some steps. Some examples are: avoiding anal-
ysis of inter reviewer agreement, not conducting quantitative analysis, and limiting
the search, e.g. by language, time, or the number of databases. Here, a balance must
be decided between traditional rigor and obtaining information in a timely way.

Rapid reviews have the potential to bring researchers closer to practitioners and
improve communication between them. IRRs aim to maintain professionals’ inter-
est and commitment during the review and provide them with useful results. For
researchers, we see in IRR an opportunity to get closer to the industry, gather data
and information, which we believe is essential in software engineering research.

We consider, like Wohlin [56], that working with industry is more about knowl-
edge exchange than about knowledge transfer. Consequently, our proposal for
IRRs is base on the idea that conducting a rapid review with practitioners is an op-
portunity to establish a bidirectional dialogue where researchers and practitioners
get the chance to learn from each other. This interaction facilitates mutual under-
standing, favors research relevance, and paves the way for future collaborations.

5 Conclusion and Future Work

Our proposal for IRR reinforces the interaction between researchers and practi-
tioners while performing the review. We believe such researcher-led, interactive
reviews may improve the knowledge exchange between researchers and software
engineering professionals. An IRR starts from a specific knowledge need from
practitioners, which implies that the topic is relevant for practitioners from the
beginning. During the review, practitioners are highly involved in refining the re-
search questions and defining the protocol, which increases the researchers’ un-
derstanding of the specific context. Throughout the selection of studies and infor-
mation extraction, researchers and practitioners keep communicating, contributing
to learning from each other. IIR results are disseminated in a practitioner friendly
way, making them easier to use.

According to the points mentioned above, we included in our proposal op-
portunities to focus on the researcher-practitioner exchange during the review.
Overall, we recognize in conducting rapid reviews an opportunity to establish a
bi-directional exchange between researchers and practitioners that enables future
joint work.

Finally, we identified the some potential benefits and challenges of conducting
rapid reviews in software engineering. We envision that conducting rapid reviews
in collaboration with practitioners may: 1) incentivize a dialogue between resear-
chers and practitioners, 2) provide research results to the industry that are relevant
for their context, 3) provide researchers opportunities to learn about the practi-
tioner’s problems and their context, and 4) develop networks that could be the
base for new collaborative projects.
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Similarly, we find the following points as challenging while conducting a rapid
review. 1) Time constraints can influence the quality of the review. 2) There is a
lack of clear guidance on how to perform rapid reviews and tools to verify the
review’s quality. 3) There could be misunderstandings about the depth and breadth
of a rapid review. 4) There may be a lack of research results on the topic selected. 5)
Practitioners’ involvement may lead to bias due to practitioners’ oriented results.

To address these challenges, we suggest to: 1) keep a protocol that contain all
the decisions made in the review to evaluate the strength of conclusions, 2) follow
the guidelines proposed in this paper, 3) reinforce transparency as an essential
practice when working with industry, and 4) conduct a preliminary search and
refine the research questions to identify when there is no available literature in the
area, and 5) declare expectations from the beginning about the goals and role of
researchers.

As future work, we plan to validate this proposal empirically by studying ac-
tual cases of rapid reviews with the industry and evaluate how rapid reviews impact
researcher-practitioner communication within and beyond a research collabora-
tion.

* Emojis representing researchers and practitioners designed by OpenMoji – the open-
source emoji and icon project. License: CC BY-SA 4.0
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Abstract

There is a growing interest in industry and academia in machine learning (ML)
testing. We believe that industry and academia need to learn together to produce
rigorous and relevant knowledge. In this study, we initiate a collaboration between
stakeholders from one case company, one research institute, and one university. To
establish a common view of the problem domain, we applied an interactive rapid
review of the state of the art. Four researchers from Lund University and RISE Re-
search Institutes and four practitioners from Axis Communications reviewed a set
of 180 primary studies on ML testing. We developed a taxonomy for the commu-
nication around ML testing challenges and results and identified a list of 12 review
questions relevant for Axis Communications. The three most important questions
(data testing, metrics for assessment, and test generation) were mapped to the lit-
erature, and an in-depth analysis of the 35 primary studies matching the most im-
portant question (data testing) was made. A final set of the five best matches were
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analysed and we reflect on the criteria for applicability and relevance for the in-
dustry. The taxonomies are helpful for communication but not final. Furthermore,
there was no perfect match to the case company’s investigated review question
(data testing). However, we extracted relevant approaches from the five studies on
a conceptual level to support later context-specific improvements. We found the in-
teractive rapid review approach useful for triggering and aligning communication
between the different stakeholders.

1 Introduction

Artificial intelligence (AI) applications have grown in popularity and pervasive-
ness. Among the AI applications currently in use, machine learning (ML) is the
dominant technique with active communities in academia and industry [27]. En-
terprises across diverse industry domains want to harness the new possibilities pro-
moted by ML. However, due to their impact and increasing use in safety-critical
domains, we need to develop ways to build trust in these applications. Bosch et al.
calls for increased research on AI engineering [10], i.e., an evolution of software
engineering practices and processes to meet the needs of systems development that
incorporate trained ML models. These systems, in contrast to most traditional sys-
tems, have a probabilistic behavior [29]. Therefore, we need new approaches and
solutions or adapt the existing solutions to new challenges [2, 8].

In this paper, we focus on ML testing, emphasizing applications of ML-based
computer vision. ML testing has been a popular research topic in the last few years.
Secondary studies show a rapidly increasing publication trend [33,37,46] and ded-
icated academic workshops and conferences have been established. As novel ML
testing results are constantly published, both researchers and practitioners need
ways to organize the information and sift through the massive academic output.
Furthermore, there is a need for effective ways to match research proposals with
application-specific industry needs [13].

An approach helpful in the inception of a collaborative project is interactive
rapid reviews (IRRs) [34]. An IRR is a collaborative effort between researchers
and practitioners that aims to identify and synthesize relevant research outcomes
for the practitioners in their context. Apparently, an IRR could be a beneficial tool
for new collaborative projects to explore interests, facilitate the exchange of ideas,
and promote mutual understanding.

We conducted an IRR on ML testing with Axis Communications (hereafter
Axis). The long-term goal of the IRR was to initiate a collaboration on ML testing
between researchers from Lund University, RISE Research Institutes of Sweden,
and practitioners at Axis. As a means to that end, and a short-term goal, the IRR
should identify the solution proposals from the academic community that are the
most likely to provide value for Axis.
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The contributions of this paper are the following. First, we developed a taxon-
omy about practical challenges and available research results on ML testing that
helped us learn about the domain and navigate the research results (Sec. 4.1). Sec-
ond, we compiled a list of twelve practical challenges, identified during the IRR
at Axis, related to ML testing (Sec. 4.2). Third, we proposed a preliminary map-
ping, i.e, a potential connection between research results and practical challenges
for three prioritized challenges at Axis (Sec4.3). Finally, we conducted an in-depth
review of the 35 primary studies mapped to the highest priority topic, i.e., “How
to test the dataset?” We extracted nine technological rules and identified context
factors impacting the application of ML testing solutions found in the academic
sources (Sec. 4.5).

2 Background and related work
This section presents our position on AI quality and its connection to ML testing.
Moreover, we introduce IRRs and the industrial case context.

2.1 AI quality and ML Testing
Quality is a multi-faceted concept that is notoriously difficult to nail down. Adding
AI on top of this further exacerbates the challenge. Still, we posit that AI quality
is going to be an increasingly important concept to ensure the trustworthiness that
future AI systems must provide. AIQ is a regional effort to gather interested parties
on AI quality, with a particular focus on the subset of AI that realizes functionality
through supervised or unsupervised machine learning, i.e., MLware.

We adhere to the definition of AI quality as “the capability of MLware to sat-
isfy stated and implied needs under specified conditions while the underlying data
satisfy the requirements specific to the application and its context” [5]. The defi-
nition stresses that MLware combines data and conventional source code; thus, its
quality is defined as an amalgamation of corresponding quality definitions from
the IEC/ISO 25000 series [21, 22]. The definition is in line with discussions by
Felderer et al. in the context of testing data-intensive systems [18]. Moreover, the
emphasis on data quality assurance is central in this paper.

Inspired by Bjarnason et al.’s work on requirements engineering (RE) and soft-
ware testing [3], our position is that AI quality assurance must be tackled from
two directions. RE and testing must support MLware development projects as two
bookends. As MLware is sensitive to changes, as Sculley et al. put it “changing
anything changes everything” [36], aligning RE and testing is perhaps even more
important than for conventional software engineering. Within AIQ, we have ad-
dressed RE for ML [7,44], ML testing [9,16,30], and MLOps from the perspective
of alignment [6]. In this paper, we again focus on ML testing.

ML testing is a rapidly growing research area that evolves software testing
to meet the novel characteristics of ML-based systems. We used three secondary
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studies of ML testing [33, 37, 46] as the basis for the current work. The three
secondary studies were considered the latest in the field when we initiated the
current study. Given that the area ML testing is fairly new, we did not expect very
old publications. However, we did not explicitly exclude them either. The endpoint
in the range was when we started the work, and we included all secondary studies
we were aware of. Among the secondary studies we selected, two were published
in 2020 [33, 46] and the other one in 2019 [37]. They used a systematic approach
for searching, extracting, and synthesizing relevant studies on the topic of ML
testing. It is also worth noting that Zhang et al. [46] and Ricco et al. [33] have
also included arXiv pre-prints to be more extensive, and have identified 138 and
70 primary studies, respectively. In contrast, Sherin et al. restricted the literature
search to peer-reviewed publications only and have identified 37 papers in their
study [37]. In total, we have collected 180 unique primary studies based on the
three secondary studies.

The three secondary studies report an increasing number of ML testing pa-
pers in recent years. The trend is the increased use of ML in various application
domains and the importance of techniques for testing such applications. This is
particularly evident as ML-based applications are deployed in both safety-critical
and mission-critical contexts. Specifically, the majority of the studies that have
been surveyed in Zhang et al. [46] are focusing on testing the correctness and
robustness of supervised machine learning systems, while other type of learning
such as unsupervised learning and reinforcement learning, and testing perspectives
such as interpretability, efficiency, or privacy are much less studied. The analysis
is consistent with the observations from Sherin et al. [37] that further attention
is required to test the non-functional perspectives and different types of learning
for ML systems. Sherin et al. [37] also highlighted that there is no adequate em-
pirical evidence to evaluate the effectiveness of the available testing techniques,
even though the area of ML testing keeps growing rapidly. In contrast, Ricco et
al. [33] concluded that the most active research in ML testing has been dedicated
on solving automatic test input generation and test oracle creation. Further studies
are required to address numerous open challenges such as inventing proper testing
metrics as well as benchmarks for ML systems.

2.2 Interactive rapid reviews

In this study, we use the guidelines for IRRs in software engineering proposed by
Rico et al. [34]. Rapid reviews are a form of knowledge synthesis widely used
in medicine to provide information quickly for decision-making. As an example,
during the COVID-19 pandemic, a considerable amount of rapid reviews were
conducted to support decision-making in many areas of medicine [41]. A group
of researchers in software engineering proposed the use of rapid reviews to sup-
port decision-making in software projects [14]. A difference with the guidelines
adopted in this study is the focus on the interaction between researchers and prac-
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titioners to make the reviews more relevant in the practitioners’ context and foster
the knowledge exchange.

The guidelines are presented as a series of steps. The first step is to prepare
the review. In this step, an initial area and topic are identified, and the team is set.
The second step is to identify review questions and prepare the IRR protocol, where
based on the exchange, the IRR team formulate review questions that represent the
common interest and plan the steps to conduct the IRR i.e, IRR protocol. Then,
the third step is to search and select papers. In this step, shortcuts are used to
reduce the space of search. For that reason, it is suggested that the review questions
are narrowed to specific questions. Then, during the fourth step, the IRR team
extracts and synthesize data from the research literature and prepare the actions to
disseminate IRR results in the fifth step. It is important to clarify that the guidelines
are flexible and may require adaption to the specific needs of the case.

The software engineering research community is familiar with systematic lit-
erature reviews (SLRs) as a form of knowledge synthesis. Although IRRs and
SLRs are similar in many aspects, like methodology and the need for a systematic
approach, it is important to clarify that IRRs do not pretend to be an alternative
to SLRs when synthesising research literature. IRRs do not aim to be extensive,
but provide rapid and valid input for the practitioners. IRRs address more narrow
questions than SLRs. When conducting IRRs the review team applies shortcuts
to narrow the search space and then save time in selecting and extracting relevant
data. These shortcuts may result in missing relevant sources for the IRR. There
are two main reasons to select an IRR for this study. Compared with SRLs, IRRs
require less resources and can be completed in shorter time frames. Second, IRRs,
as presented here, aim to promote exchange between researchers and practitioners,
which is desirable at this phase of Axis.

2.3 Case context

Axis was the first industrial collaboration partner in AIQ. Within Axis, we iden-
tified a development team that develop solutions based on advanced ML-based
computer vision. The team, develops people counting applications for dynamic
environments such as shopping malls and public squares.

People counting is considered a “statistical application” that should be accu-
rate on average. Corner cases are largely ignored, i.e., if a person wearing a “funny
hat” is missed or double-counted is ok – as long as the counter is not incremented
by an amount large enough to noticeably affect the hourly/daily statistics. This is
in contrast to security surveillance applications for which corner cases are criti-
cal, e.g., possible intruders crawling under the camera. Still, accuracy over time
is important to people counting. False positives (counting ghosts) and false neg-
atives (missing people) are considered equally bad. Thus the F1-score (balanced
harmonic mean of precision and recall) is the primary evaluation metric.



140 AN INTERACTIVE RAPID REVIEW ON ML TESTING

A set of test datasets representing scenarios in various operational environ-
ments is used for regression testing. As there are significant differences between
operational environments, referred to as scenes, F1-scores are measured for indi-
vidual scenes rather than for a single diverse test set. To provide reliable quality
assurance, ensuring a high coverage of scenarios in the test dataset is essential.
Differently sized regression test suites are running 1) in a continuous integration
context, 2) on nightly builds, and 3) weekly. Two different test setups are used in
the regression testing. One testing the algorithms involved only and one testing the
actual hardware used.

3 Method

To initiate a collaboration on ML testing between researchers and practitioners at
Lund University, RISE Research Institutes of Sweden, and Axis, we conducted an
IRR [34] following the five steps in Table 1. The expected outcome of the review
was threefold: 1) to establish a common view of the general problem domain – ML
testing, 2) to gain a quick overview of how current research matches with the spe-
cific needs at Axis, and 3) to propose a study aiming at filling one of the identified
gaps. The researchers’ activities were carried out by the first three authors of this
paper, while the fourth author and his colleagues represent the practitioner’s side.
Finally, the fifth author guided and monitored the research procedure.

The steps of an IRR are similar to the steps of other types of systematic litera-
ture reviews but adapted to meet the specific needs of an industrial stakeholder. In
our case the stakeholder was Axis.

3.1 Preparing the review

The goal of the preparation step was to form a review team of both researchers and
practitioners and to identify mutual interests and information needs with respect
to the general research topic, ML testing. In this step, the interaction between
industry and academia took place in an input meeting. To prepare for the input
meeting, the second author put together an overview presentation of the state-of-
the-art of ML testing, and the fifth author put together an overview presentation of
the IRR approach. Four researchers and four practitioners took part in the meeting.
The four practitioners had different roles (expert engineer, software test engineer,
senior software engineer, and technical leader) at the company and thus different
perspectives on the topic. At the meeting, after the presentations, the practitioners
shared aspects of their practices and challenges of testing their ML applications.
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3.2 Identifying review questions and developing the re-
view protocol

The goal of the second step was to agree on a list of prioritized review questions
and an initial review protocol. Here interactions took place in a workshop and a
follow-up ranking exercise. Before the workshop, the first three authors developed
a preliminary SERP-taxonomy [31] based on the state-of-the-art of ML testing
and previous SERP-taxonomies on software testing [1, 17]. A SERP-taxonomy
includes four facets (i.e., scope, context, effect, and intervention) to align descrip-
tions of research solutions and industry challenges. In that way, such a taxonomy
may be used to facilitate communication between practitioners and support the
mapping of challenges from the industry to available research [17].

During the workshop, including the full review team, we walked through all
facets and entities of the taxonomy to trigger discussions about ML testing chal-
lenges and potential solutions from various perspectives. Based on the outcome
of the workshop, the researchers updated the taxonomy and proposed a list of 12
potentially relevant review questions to Axis. This list was then sent out to all
participants (researchers and practitioners) with a request to rank them in order
of interest using an ordinal scale from 1 to 5. After summarizing the results of
this exercise, we agreed to search for research relevant to the three highest ranked
questions. Furthermore, we agreed to include research based on relevance and ap-
plicability for Axis, but did not specify this further at this point.

3.3 Searching and selecting primary studies

During this step, we successively refined the review protocol while searching for
relevant studies and delimiting the scope (i.e., defined exclusion criteria). As part
of this activity, the researchers conducted the search and selection while the prac-
titioners gave feedback on relevance and applicability of a small sample of papers
sent to them by email.

We limited the search to the research covered by three recent secondary studies
on ML testing [33, 37, 46]. The researchers revisited the complete set of primary
studies (180 papers) to map them to the three review questions. This screening
was based on full-text scanning as it was impossible to do it based neither on the
original classification (in the secondary studies) nor on a sole title and abstract
screening. At this stage, we had an inclusive approach meaning that if any of the
three researchers marked a paper as relevant for a review question, it was coded as
such.

Due to the large number of papers coded as potentially relevant to at least one
of the three review questions, we decided to descope further and focus the in-depth
analysis only on one of the review questions. Thus, the continued selection focused
only on the highest prioritized review question, i.e., “How to test the dataset?” 35
of the 180 studies were marked as potentially relevant for this question. After a
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thorough review, only five of them remained. At this stage, the remaining candi-
dates were tightly connected to the Axis’ context, i.e., testing data for ML-based
computer vision.

3.4 Data extraction and synthesis

From the selected papers, we extracted technological rules following the design
science lens described by Storey et al. [39]. A technological rule is a structured
way of describing research contributions with respect to their effect, context, and
intervention. Technological rules can be extracted and presented at different levels
of abstraction, and are used for communicating the research output in a simple
and condensed way [39]. Our goal was to compare technological rules, identify
research gaps and the specific needs at Axis. To allow for generalization, we ex-
tracted technological rules of different abstraction levels from the primary studies.
Furthermore, we extracted the maturity of the rules in terms of empirical observa-
tions and analytical reasoning that supported the propositions. The technological
rules were then presented to the review team in a short reaction meeting, where
the industrial team provided their reflections about relevance and applicability at
Axis.

3.5 Disseminating the review results

As the main goal of the review was to initiate a new collaboration, we did not have
a plan for disseminating the results within Axis. Instead the most relevant tech-
nological rules provide input for new MSc thesis proposals. However, unplanned
dissemination took place as new knowledge travel between teams. The technolog-
ical rules from one of the included papers were evaluated for another purpose by
another team at Axis. On the academic side, results were summarized and pre-
sented as visual abstracts, one for each technological rule, at a seminar and in this
report.

3.6 Validity of contributions

The main goal of conducting an IRR is not to build general theory or publish rig-
orous research results, but to extract sufficient knowledge to act in a specific situ-
ation. In our case, our primary goal was to align terminology, match interests, and
initiate industry-academia collaboration on ML testing with one case company.
Still, we believe the reported contributions could be helpful for other researchers
with similar goals but they must be adapted to their contexts.

The taxonomy builds on previous work on taxonomy development [31], gen-
eral testing terminology [17] and recent ML testing syntheses [33, 37, 46]. Hence,
they are well founded in the research literature. However, the industrial validation
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is made from a narrow perspective in a single case context. Thus, when elaborat-
ing the taxonomy, the details mirror the review team’s interests and experiences,
including four practitioners and four researchers.

Similarly, the list of challenges represents a single case, and the ranking of
importance represents the interests of the review team. At a high abstraction level,
these challenges and interests match the interests of the research community, rep-
resented by the 180 primary studies.

A review may also be validated based on its coverage, i.e., is any important
work missing? In our case, we did not conduct an extensive search on our own
but relied on the rigorous searches made in three recent secondary studies on the
same topic. Although their searches were extensive, the time delay caused by the
publication process leads to the omission of the most recent publications, i.e., from
2020 and onward. Thus, more recent research may provide a better match to our
review questions. This should be considered in future work. Nevertheless, conclu-
sions regarding relevance and applicability of available research are still valid and
may guide future reviews.

4 Results

In this section we present the outcome of each step of the IRR. Subsection 4.1 de-
scribes the entities of the taxonomy after validation, subsection 4.2 lists the open
questions derived from the workshop, subsection 4.3 describes our mapping of
primary studies to the review questions, subsection 4.4 presents the final exclu-
sion criteria resulting from the iterative review of papers mapped to review ques-
tion 1, subsection 4.5 presents the nine technological rules extracted from the five
most relevant primary studies, and subsection 4.6 finally elaborates on what we
did not find in the research literature, i.e., the gap between research and practice in
our case.

4.1 ML testing taxonomy

As a result of the initial interaction between the case company and the resear-
chers, we agreed on creating a taxonomy of ML testing to guide the collabora-
tion further. We developed a general taxonomy for three out of four facets in the
SERP-taxonomy architecture [31] (i.e., context, scope, and effect). Since we en-
ter this review from the challenge perspective, we found that detailing these three
facets were sufficient for the communication within the review team. The fourth
SERP-facet, intervention, may be used to elaborate technical aspects that support
abstraction and comparison of classes of solutions.

Our resulting taxonomy, presented in Figure 1, aims to guide the formulation
of practical ML testing challenges at an appropriate abstraction level to support
identification and design of relevant research.



144 AN INTERACTIVE RAPID REVIEW ON ML TESTING

Scope of ML testing interventions

The green sector in Figure 1 shows the details of the scope facet. Scope here refers
to the testing activity, or part of the testing process, on which a potential interven-
tion may focus. We identified four important aspects where two are derived from
generic testing literature, i.e., testing process and testing levels, and the other two
are specific to the ML context, i.e., parts of the ML-system to be tested and the
mode of operations (online or offline testing, cf. Figure 1).

Effect of ML testing interventions

The effect of an intervention is described in terms of its observed or desired impact
on the testing. It could for example be the reported result of an empirical evaluation
or an identified practical need in an exploratory study or case description. The
blue sector in Figure 1 shows the effect facet. The main types of desired effects
are derived from the generic SERP-taxonomy architecture [31], i.e., solving an
unsolved problem (solve), improving the current solution (improve), and assessing
the current situation (diagnose).

Context of ML testing interventions

The context facet aims to capture factors in the context that impact the effect or
applicability of an intervention. Several such factors were identified, reflecting
the multidimensional variation of both ML systems and testing approaches. Eight
aspects of the context were included as shown in the yellow sector of Figure 1:
1) programming languages used for the implementation of the system, 2) degree
of access to the system components, 3) framework, 4) machine learning type, 5)
testing setup, 6) application, 7) type and 8) domain of the system.

At the initial stages of our project, we used the taxonomy for structuring the
information in the secondary studies and for triggering discussions about the topic
within the review team. We believe the resulting taxonomy may be used in similar
ways by others to view ML testing challenges and solutions from various perspec-
tives and thus support communication between researchers and practitioners who
approach the topic – in different ways and in many cases at different abstraction
levels. While conducting this review, we experienced that considering all the facets
and digging in to details of all the facets of the taxonomy helped the communica-
tion and, by extension, our common understanding.
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Table 1: Description of the five steps and corresponding research activities for
this IRR study

Step Activities for Re-
searchers

Activities for Practitioners*

1. Prepare the re-
view

Describe research
area and preliminary
research goals

Meeting to identify mutual infor-
mation needs and agree on involve-
ment.

2. Identify review
questions and
develop the IRR
protocol

Propose SERP tax-
onomy, elaborate re-
view questions and
scope of search and
selection.

Meeting to validate and refine tax-
onomy and elaborate on questions
and scope. List and prioritize re-
view questions.

3. Search and se-
lect papers

Map primary studies
to review questions,
iterate samples of
selected studies with
practitioners, update
inclusion/exclusion
criteria based on
feedback.

Give feedback on relevance and ap-
plicability of selected papers.

4. Extract and
synthesize data

Identify and assess
maturity of techno-
logical rules.

Meeting to discuss results (esp.
relevance, applicability) of techno-
logical rules. Discuss how and to
whom results should be summa-
rized and communicated.

5. Disseminate
IRR results.

Design and present
visual abstracts
for the identified
TRs. Propose new
research studies.

Meeting to give feedback on results.
Present results within company.
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4.2 Prioritized list of open questions

Guided by the taxonomy and the feedback from practitioners in the initial meet-
ings, we formulated 12 review questions potentially relevant to our case. In the
following list, organized using the scope facet of the taxonomy in Figure 1, boxes
represent the review team’s highest priority questions. Verbs from the effect facet
appear in italics.
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Figure 1: An ML testing SERP taxonomy with the facets context, scope, and
effect.

• ML system – Dataset
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(#1) How to test the dataset? The dataset is evolving, which motivates
the following sub-questions:

(a) How to identify mislabeled data in the dataset?
(b) Adequacy testing, i.e., how to assess and improve data (sce-

nario) coverage of the training and test datasets in terms of
diversity?

(c) How to assess potential bias after the training/test split?
(d) How valid is the data and its use? Is the data used for testing

within the operational design domain? Or did some of the data
originate from another source?

• ML System – Learning program

(#2) How to diagnose (assess the fault detection capability) and improve
(unit) testing (design and analysis) of the learning program?

(#3) How to improve testing of the learning program to detect more faults?
(e.g., using unit testing)

• ML system – Learned model

(#4) Are there complementary metrics to assess model correctness (ac-
curacy)? (e.g., edge case measures, uncertainty scores, aggregated
metrics across scenes)

(#5) How to interpret and analyze the testing result of the ML model? (e.g.,
increased automation or visual analytics)

(#6) How to diagnose whether the current set of scenarios in the test dataset
are appropriate for detecting faults on the model level?

(#7) How to improve coverage testing with respect to scenario diversity?

(#8) How to improve the test dataset to increase fault detection ability?

(#9) How to improve test prioritization to increase regression test efficiency?

(#10) How to generate new test cases for testing the model? (e.g, synthetic
data, data augmentation, guided search)

• Levels – System testing (see Section 2.3)

(#11) How to improve (acceptance) testing of the ML-based system?

(#12) How to diagnose whether the current set of scenarios in the test dataset
are appropriate for detecting faults on the system level?
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Even though the above questions represent the interests of the review team, we ar-
gue that they constitute real challenges that generally deserve attention. We believe
they may support other researchers trying to identify research gaps in ML testing
for computer vision applications.

4.3 Mapping primary studies to the three most important
open questions

The review team (i.e., four practitioners and three researchers) ranked the ques-
tions based on importance. Then the 180 primary studies covered in this review
were mapped to the three review questions that were considered the most impor-
tant (i.e., number #1, #4, and #10 (in the list of questions above). 35 primary stud-
ies were marked as potentially relevant for review question 1, 25 primary studies
for review question 4, and 68 for review question 10. The details of this mapping
can be found on Zenodo [38].

This mapping may help navigating the research literature and could be used as
a starting point by researchers and practitioners facing similar challenges.

4.4 Selection of studies related to question #1
This section describes our analysis of relevance and applicability for Axis in rela-
tion to the review question #1. The final list of exclusion criteria is:

• Purpose. The proposed mechanism does not evaluate some properties of the
data. In MLware, the training dataset is part of the system [5]. The purpose
of the proposed mechanism shall be to test these data, not to generate syn-
thetic data – unless the synthetic data are specifically used to validate the
training data through comparison. Examples of excluded papers relate to:

– Test data generation for ML systems such as Zhang et al. [47] and Tian
et al. [40] that generate artificial driving scenes for testing ML-based
autonomous driving functions.

– Testing the model fitness like Zhang et al. [45] which validates the
model relevance, and ML model underfitting as well as overfitting us-
ing a perturbed model validation technique.

– Online monitoring of data prior to making predictions, e.g., Henriks-
son et al. [19], since it targets testing aspects of the operational envi-
ronment and detects inputs that are outside the training dataset.

– The proposed mechanism is intended to protect the neural network
from antagonistic attacks. Antagonistic attacks are closer to cyberse-
curity research than data validation. Furthermore, adversarial attacks
would typically target the system in operation and not the training/val-
idation/test dataset. An example of such studies is Uesato et al. [42]
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which evaluates learning systems in safety-critical domains by identi-
fying the adversarial situations.

• Applicability. The proposed mechanism is not applicable in the Axis’ con-
text. Reasons for exclusion include:

– Not NN learning. The mechanism is not applicable to supervised learn-
ing with neural networks. Axis uses neural networks for supervised
learning and the proposed mechanism must be applicable. Thus, pa-
pers that explicitly address other learning mechanisms are considered
out of scope, such as Krishnan et al. [26] on support vector machines
and Uesato et al. [42] on reinforcement learning.

– Not images. There is no explicit mention of how the proposed mech-
anism could work for images. Axis trains models for video sequences
and the proposed mechanism must be applicable. Thus, interventions
that validate only non-image data are excluded, e.g., spell or format
checking, and named entity recognition on tabular data [11, 20, 35].

4.5 Best matches

After applying the criteria described above, five primary studies remained, partly
answering the general review question (#1 in Section 4.2 ) “How to test the dataset?”
Although none of the proposed solutions were directly applicable in the case con-
text, Axis confirmed related problem formulations and shared potentially valuable
ideas. In line with the design science lens [39], we extracted technological rules
for each paper. A technological rule captures the mapping between a problem and
a solution. We describe them in terms of: To achieve <effect> IN <context> DO
<intervention>. We describe the technological rules at different abstraction levels,
i.e, some are more concrete and others are more general.

Paper I

Ma et al. [28] propose a mutation testing framework for deep learning systems
to assess the quality of the test data. Specifically, a set of source-level mutation
operators are defined to introduce faults to the training data and the training pro-
grams. In addition, a set of model-level mutation operators are defined to create
mutants for the deep learning models without a training process. Eventually, the
effectiveness of the test data can be evaluated from the analysis based on to what
extent the injected faults could be detected. The authors have used the framework
on two publicly available datasets (i.e., MNIST and CIFAR-10) with three popu-
lar deep learning models, and demonstrated the effectiveness of the framework for
designing and constructing high-quality test datasets for deep learning MLware.

Two technological rules were extracted from this paper [28], i.e., a concrete
one:
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Technological rule 1

To measure the quality of test data for deep learning systems, use an
adapted form of mutation testing.

and a general one:

Technological rule 2

To improve the generality and robustness of deep learning models, test the
test dataset.

Both the source-level and model-level mutant operators are general and can
be reused. Furthermore, the concept of the proposed framework, i.e., to use mu-
tation testing, is not constrained by any specific type of deep learning application
or data used. Thus, we consider this paper potentially relevant, and the synthe-
sized findings can be transformed for testing the quality of test data for Axis as
well. The response from Axis was positive, they found the approach interesting
but questioned the scalability. Axis works with orders of magnitude larger datasets
(about 105 to 107 images, which is 10 to 1,000 times larger than the MNIST and
CIFAR-10 datasets) than the ones used for evaluating the approach in the paper. In
addition, the industrial datasets are rather Full HD resolution than the 32×32 pix-
els targeted in many research papers. Another question is which mutant operators
would work for the complexity of the industrial case, as MNIST and CIFAR-10
are trivial datasets in comparison. A pre-study in the Axis context will be initiated
to investigate this further.

Paper II

Kim et al. [24] propose a concept of surprise adequacy as the test adequacy crite-
rion for deep learning systems. Based on the trace of the neuron activation when
executing the deep learning model on both the training data and the testing data,
surprise adequacy can be calculated using either a likelihood-based approach or a
distance-based approach. The resulting surprise adequacy indicates how surpris-
ing the test data is compared to the training data. The concept assumes that a good
test input should be sufficiently, but not excessively, surprising to the training data.
The authors also evaluate the effectiveness of using the surprise adequacy metric
for sampling test input and improving the model accuracy via retraining, based
on publicly available datasets such as MNIST and CIFAR-10, and deep learning
systems for autonomous vehicles like Dave-2 and Chauffeur.

Two technological rules were extracted from this paper [24], the concrete one
is:
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Technological rule 3

To improve the classification accuracy of deep learning systems, retrain
the model, systematically sampling inputs based on the surprise adequacy
criterion.

while the general one is described as:

Technological rule 4

To test the correctness and robustness of deep learning systems, test the
systems’ behaviour with respect to their training data.

The proposed criterion – surprise adequacy – and the corresponding ways of
computing such a criterion are transferable to different deep learning MLware as
the training data, testing data, and neuron activations are inherent parts of such
systems. The expected outcome is an indication of how good or how different the
test is compared to the training data.

While the surprise adequacy metric was not considered relevant for the prac-
titioners in the review team, it was explored by another team at Axis. Here it was
explored for a slightly different purpose, i.e., to guide complementary data collec-
tion rather than for testing data. Collecting additional data that strives to maximize
the surprise adequacy has also been proposed by the original inventors [25], as
an approach to increase the diversity of both training and test datasets. However,
Axis compared surprise adequacy to a set of other metrics and in the end they
selected another option (recent work proposed by Pleiss et al. [32], not covered
by the secondary studies used for our study selection). Part of the reason was that
the proposed surprise adequacy calculations did not scale to size of the data set as
described earlier (see subsection 4.5.1). On the other hand, Axis encourages addi-
tional research into surprise adequacy calculation for representative subsets of the
data, i.e., aggregating measures for families of neuron activation traces.

Paper III

Byun et al. [12] introduce three different metrics for test input prioritization for
deep neural networks, i.e., (1) confidence, measured by using the softmax func-
tion, (2) uncertainty, measured using Bayesian Networks, and (3) surprise as de-
scribed in the previous paper by Kim et al. [24]. The authors apply these metrics
to prioritize test inputs for two different systems (i.e., a digital classification sys-
tem trained on the MNIST dataset, and TaxiNet) for image classification. They
show the effectiveness of the metrics in indicating fault-revealing inputs and, by
extension, for selecting test input and improving the model via retraining.

Two technological rules were extracted from this paper [12], including a con-
crete one:
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Technological rule 5

To prioritize test input for deep neural networks, apply metrics of confi-
dence, uncertainty, and surprise.

and a general one:

Technological rule 6

To increase test effectiveness when testing deep neural networks in safety-
critical systems, prioritize test input.

Similar to paper II, this paper proposes metrics to measure the sentiment of the
deep neural networks. Then, the test inputs can be validated, prioritized, and ef-
fectively selected for testing and retraining the model. The findings are considered
generic and potentially relevant for Axis’ needs. While “Surprise Adequacy” was
investigated by another team at the company (see subsection 4.5) the other two
metrics “confidence” and “uncertainty” have not yet been considered.

Paper IV

Cheng et al. [15] study a set of metrics to measure the dependability attributes
of neural networks. The metrics include robustness, interpretability, completeness,
and correctness. In our review, the paper was initially excluded due to its purpose
(i.e., measuring the dependability of neural network models) and the application
on autonomous driving. However, after a second review, the paper was included
since the part related to the completeness of the training data seems relevant. The
paper uses neuron k-activation and neuron activation patterns as a measure of sce-
nario coverage and completeness of training data for NN-based autonomous driv-
ing systems. The assessment of completeness of the training data, which is used for
testing the coverage of the training data but is general for testing of data regardless
of its use, could support both quality assurance of training or test datasets.

One general technological rule was extracted from this paper [15] as only the
part about the training data completeness is relevant. The technological rule is
described as:

Technological rule 7

To measure dependability of neural networks, evaluate the completeness
of the training data.

The part that involves measuring completeness of training data is relevant for
data testing in general. While the paper sets the general focus in autonomous driv-
ing applications, further investigation on how it could be applied into Axis’ context
should be performed.
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Paper V

Bolte et al. [4] construct a system framework for corner case detection in training
datasets for autonomous driving systems. The framework consists of three parts:
(1) a semantic segmentation model to partition and classify the image into different
semantic parts; (2) an image prediction model that predicts the next image based
on the previous set of images and counting the errors based on the real image; and
(3) a detection system that detects the corner cases if an object is unpredictable
given the error score counted in the previous model. The proposed framework
can be used in both online and offline modes. The difference is that the offline
mode takes a collected database of image data for training, and the online model
uses live video frames collected by the camera installed on vehicles. The authors
have trained and evaluated the framework on the Cityscapes dataset and achieved
prominent results for detecting unusual situations for autonomous driving. Two
technological rules were extracted from this paper [4], the concrete one is:

Technological rule 8

To detect corner cases for ML-based autonomous driving systems, use a
system framework based on image segmentation and prediction.

while the general one is:

Technological rule 9

To improve the robustness of machine learning systems, identify critical
situations.

The concept of the study is relevant for data testing for ML systems in general,
although the proposed system framework works with image data. It predicts corner
cases for autonomous driving, which can be used to test and retrain the ML model.
Still, the actual applicability of using this framework in Axis needs to be further
investigated.

While identifying corner cases is not so important for the application of people
counting, which is the focus of the practitioners in the review team, it could be vital
for the companies’ other products in the security business segment. For example,
a corner case of someone moving strangely to avoid detection would be critically
important for a security application to detect. For security applications, detecting
such anomalies are among the most important use cases. On the other hand, for
people counting applications, it could be interesting to apply a broader definition
of corner cases, i.e., not only very rare cases but rather underrepresented scenar-
ios. Any mechanism that could support identification of such scenarios would be
helpful for ML testing.
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4.6 Identified gap

The five papers that we have presented in the previous subsection mainly include
frameworks, metrics, constructed tools, and mechanisms for measuring the quality
of the data and consistency of the test data with respect to the training data for ML
systems. Based on the general focus and sub-questions of the first review question
(i.e., how to test the dataset), we observed that the extracted technological rules
can be used to address some, but not all, related perspectives.

In particular, there are no studies that provide relevant techniques for a) iden-
tifying mislabeled data in the dataset. Thus, this sub-question is still an open chal-
lenge and needs to be studied further. However, paper IV provides mechanisms
for measuring the completeness of training data, which gives some insights and
potential solutions for b) assessing and improving the training and testing data
coverage – also from the perspective of scenario coverage. Note that the proposed
mechanism focuses on the autonomous driving domain. In addition, no studies we
identified target c) assessing biases between the training and testing data. How-
ever, papers II and III could be potentially relevant since they support measuring
and filtering test data not represented in the training data using different metrics
(i.e., confidence, uncertainty, and surprise adequacy). The same observation also
applies for sub-question d) how valid the data used for testing is with respect to
the training data, where the metrics proposed in papers II and III can be used for
such purposes. As a result, we believe the findings we synthesized can ease some
parts of the research question we focus on, whereas further investigation is needed
to address the remaining gaps.

5 Discussion

AI engineering is an emerging field that is vital for AI quality. As argued in Sec-
tion 2, ML testing is going to play a critical role in ensuring that future AI solutions
are trustworthy. However, there is no established go-to model describing ML test-
ing. Several previous studies propose dimensions to bring structure to the research
area. This paper synthesizes a novel taxonomy based on three secondary studies.
The taxonomy shall be considered work-in-progress, but it already has provided
value for us in an emerging industry-academia collaboration.

The three secondary studies used three different classification strategies for
their respective goals. Both Riccio et al. and Sherin et al. refer to their works as
systematic mapping studies and focus on trends and gaps. The scope of Riccio et
al. is functional testing of ML systems and they structure the 70 primary studies
based on 1) system context, 2) testing approach, and 3) empirical evaluation [33].
Sherin et al.’s mapping, including also non-functional testing, provides less syn-
thesis and rather extracts fine-granular information from the 37 primary studies.
In the secondary study by Zhang et al., referred to only as a survey, the authors
explicitly specify their ambition to provide a comprehensive overview of ML test-
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ing. The 138 included papers are organized into 1) testing properties, 2) testing
components, 3) testing workflow, and 4) application scenarios. We believe that our
proposed taxonomy combines the complementary perspectives provided in previ-
ous work.

Any taxonomy or model is developed for a specific communication purpose,
targeting a defined group of people. In our case, the goal was to align terminol-
ogy and identify shared interests within the group of researchers and practitioners.
Thus, we found the SERP approach [31] applicable and useful. Furthermore, by
building on SERP-test [17], comprising common testing terminology, and adding
the ML perspective from the secondary studies [33,37,46] as well as from the case
company, we got a solid basis for our communication on the topic – ML testing.

At a general level, we found a good match between the prioritized challenges
of our case company and the research focus within the community. As a result, 92
out of 180 primary studies were classified as potentially relevant for at least one of
the top three review questions, i.e., #1 How to test the dataset (35 primary studies),
#2 How to assess model accuracy (metrics) (25 primary studies), and #3 How to
generate test cases for testing the model (68 primary studies). However, as shown
in the in-depth analysis of the first set of papers, no perfect matches exist.

Of the 35 primary studies initially considered relevant for data testing, we fi-
nally selected and reviewed five that best matched the specific context and needs
at Axis. After analyzing and synthesizing the findings from the papers, we ex-
tracted nine technological rules. The practitioners were positive to the presented
techniques (see subsection 4.5) and thought most of them could be relevant. Par-
ticularly, they have used the surprise adequacy for complementing data collection
in the company as described in subsection 4.5.2. However, we found no perfect
match directly transferable to the applications and data testing issues at Axis. As
underlined by the definition of AI quality [5], finding feasible ways to perform
data quality assurance is at the heart of the problem. Therefore, we are convinced
that data testing will play an important role in the future of AI engineering. Also,
it is significant in future research to explore further how to instantiate and evaluate
the techniques in this industrial setting.

The concepts (e.g., metrics and criteria) and interventions (e.g., approaches
and frameworks) presented in the five papers are quite generic for data testing
in the ML field as to the extent of our interpretation. Hence, we believe those
concepts and interventions can be reused and adapted for solving potential issues
for different ML application domains. In the same way, the technological rules
can be used to map solutions to challenges at different abstract levels, and support
the communication and knowledge exchange between academic researchers and
industrial practitioners in further studies.
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6 Conclusions

We report outcomes and lessons learned from applying an interactive rapid review
on machine learning testing. The review team consisted of four researchers from
Lund University and RISE Research Institutes of Sweden and four practitioners
from Axis. The primary goal of the study was to initiate collaboration and align
terminology and interests between the partners.

Three secondary studies, covering 180 primary studies on machine learning
testing, functioned as a starting point for the review. The classifications of research
in the secondary studies were mapped to the SERP taxonomy architecture [31] to
guide the alignment of terminology and interests within the review team. The re-
sulting SERP taxonomy were further extended by general taxonomies on software
testing [17] built on the same taxonomy architecture. Finally, we validated and up-
dated the outcome based on discussions and reflections in the review team. While
we plan to evolve the outcome, this paper presents the latest version of the taxon-
omy.

The new SERP taxonomy was used to identify and describe current challenges
in the case context. The complete list of challenges are presented in this report.
Furthermore, the review team ranked the challenges by their perceived importance
for the target organizational unit within the case company.

The primary studies were mapped to the three most important questions. More-
over, we conducted an in-depth analysis of the 35 papers for the highest ranked
question, i.e., “How to test the dataset?” We present and discuss 9 technological
rules on data testing, extracted from 5 of the papers. Finally, we report and discuss
the relevance and applicability criteria used to filter out those 5 papers.

As AI quality combines source code and data quality [5], we believe that data
testing will be increasingly important within the field of AI engineering. Our find-
ings call for more research on the topic, not the least for image data, targeting
business-critical computer vision systems. Furthermore, convincing data testing
for computer vision applications can potentially constitute a cornerstone in the
safety argumentation in future assurance cases, e.g., for critical ML-based percep-
tion applications in automotive [8], avionics [43], and healthcare [23].

The motivation for this interactive rapid review was to identify research or
research gaps of relevance for the case company. Thus, all steps in the process
have been guided by Axis’ specific needs. As our next step, we plan to design
a joint solution-oriented study on the topic of data testing as well as a set of
MSc thesis project proposals. Based on the discussions of the selected studied in
Section 4.5, there are several promising directions for future collaborations. Our
case (of industry-academia collaboration) is a single case and as such a proof-of-
concept that may be extended with additional cases.
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EXPERIENCES FROM
CONDUCTING INTERACTIVE

RAPID REVIEWS – TWO
INDUSTRIAL CASES

Sergio Rico, Nauman bin Ali, Emelie Engström and Martin Höst. Under review in
a journal. 2023.

Abstract
Context: Evidence-based software engineering (EBSE) aims to improve research
utilization in practice. It relies on systematic methods to identify, appraise, and
synthesize existing research findings to answer questions of interest for practice.
However, the lack of practitioners’ involvement in these studies’ design, execution,
and reporting indicates a lack of appreciation for the need for knowledge exchange
between researchers and practitioners. Furthermore, the results of such systematic
literature studies often lack relevance for practice.

Objective: Previously, we proposed interactive rapid reviews as a tool to foster
knowledge exchange between industry and academia. In this study, we report the
experience of using this proposal in two cases.

Method: We analyzed the conduct of two interactive rapid reviews by two
different groups of researchers and practitioners. We collected data through in-
terviews, and the documents produced during the review (like review protocols,
search results, and presentations). The interviews were analyzed using thematic
analysis.

Results: We report how the two groups of researchers and practitioners per-
formed the interactive rapid reviews. We observed some benefits, like promoting
dialogue and paving the way for future collaborations. We also found that prac-
titioners entrusted the researchers to develop and follow a rigorous approach and
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were more interested in the applicability of the findings in their context. The prob-
lems investigated in these two cases were relevant but not the most immediate
ones. Therefore, rapidness was not a priority for the practitioners.

Conclusion: The study illustrates that interactive rapid reviews can support
researcher-practitioner communication and industry-academia collaboration. Fur-
thermore, the recommendations based on the experienced challenges and benefits
from the two cases complement the detailed guidelines researchers and practition-
ers may follow to increase interaction and knowledge exchange.

1 Introduction

As an applied research area, software engineering research relies on a deep un-
derstanding of industrial software engineering practices to produce relevant and
applicable knowledge. Without such understanding, researchers risk focusing on
irrelevant aspects of existing problems [18, 22], missing necessary information
[1], providing solutions that do not apply nor are generalizable to other contexts,
or presenting results in a complicated way that is difficult for practitioners to ac-
cess and interpret [14].

In many cases, a deep understanding of industrial practices requires close col-
laboration with industry. Garousi et al. identified industry collaboration [20] and
the use of appropriate research approaches [35] as two of the most frequent im-
provement suggestions for increasing the relevance of software engineering re-
search [18]. To motivate such collaborations, both parties need to benefit from
them.

However, secondary studies aiming to inform practice are often conducted
without any participation of practitioners. At best, researchers start with a need
from practice, convert it into an answerable research question, identify, critically
appraise and aggregate available evidence to help answer the question, and docu-
ment the approach and findings in research papers [24].

The lack of practitioners’ involvement in systematic literature studies suggests
that researchers under-appreciate the contextual nature of software engineering
findings. The underlying assumption is that knowledge can be transferred or com-
municated to practice at the end of the literature studies. One consequence of this
approach is that the relevance of the findings of a literature review is relatively low
for practitioners [8].

We believe that software engineering knowledge is socially constructed [21]
and context bound [13]. Therefore, to overcome this limitation, we propose to ex-
tend the rapid review guidelines [9] to also include practitioners in the process [30].
Rapid reviews are systematic reviews intended to support decision-making under
time constraints [9, 16], which is often a requirement in practice.

We refer to our proposed method as an interactive rapid review, (IRR) [30]. It
extends the rapid review guidelines by 1) prioritizing knowledge exchange between
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researchers and practitioners, 2) identifying and focusing on practitioners-relevant
needs, and 3) identifying opportunities for industry-academia collaboration during
the review [30]. Thus, in an IRR, researchers and practitioners work together to
answer practical problems relevant to practitioners based on research results.

In this study, we investigate the practical application of IRRs in two indepen-
dent cases of industry-academia collaboration. We studied how the IRR guidelines
were applied and perceived and collected information about expectations, the use-
fulness of our proposal, results, and the experiences of researchers and practition-
ers involved. Based on the two cases, this paper presents the following contribu-
tions:

• A description of how the teams conducted the IRRs.

• Identification of the benefits and the challenges when using IRRs.

• Further recommendations for researchers and practitioners when conducting
IRRs.

The remainder of this paper is structured as follows. Section 2 presents back-
ground and related work. Section 3 presents the steps of an IRR. Section 4 de-
scribes the method followed in this study. In Section 5, we present the study’s
results. After that, we present some recommendations for conducting future IRRs
in Section 6. Section 7 discusses the results, and Section 8 concludes the paper.

2 Background and Related Work

2.1 Secondary studies in software engineering

Researchers in software engineering have widely adopted the use of secondary
studies [4] as a means to synthesize software engineering knowledge. However,
these studies have mainly been used in academic environments, and to identify
gaps in research [17], and are criticized for the lack of industry-relevant results [12].
There is a need to connect secondary studies with practice. A few improvements
have been suggested to make the presentation of the results more meaningful for
teachers and practitioners [7]

Some voices in the software engineering research community have claimed
that secondary studies need to connect more with practice [25]. There are a few
examples of secondary studies that have involved practitioners (see e.g., [2]) how-
ever, none of the existing guidelines sufficiently incorporate interaction with prac-
titioners. For this reason, we propose to conduct rapid reviews interactively with
practitioners.
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2.2 Rapid reviews in software engineering

Rapid Reviews are a well-known approach in medicine for synthesizing research
findings under time restrictions. In software engineering, some researchers have
also proposed using rapid reviews. For example, Cartaxo et al. [9] proposed using
rapid reviews to provide decision-makers information quickly.

Some examples of recent rapid reviews conducted by researchers in software
engineering include a rapid review on migrating from monoliths to microservices
architecture [28], and a rapid review on testing of context-aware software sys-
tems [26].

IRRs follow similar steps as rapid reviews [10]. However, the overarching goal
and, consequently, the role of practitioners and researchers in the different steps
are different. In rapid reviews, the goal is to provide a quick answer to a specific
question, while in IRRs, the additional goal is to maximize the opportunities for
knowledge exchange between researchers and practitioners, acknowledging the
context-dependant nature of software engineering.

3 The steps of an interactive rapid review (IRR)

In this section, we briefly revisit the main steps involved in an IRR. The steps of
an IRR are shown in Figure 1.

1. Prepare the review: The first step involves forming a team of researchers
and practitioners participating in the review. The researcher leading an IRR
presents the general aim of an IRR, and the typical process, timeline, and
expected time commitments. Next, the team needs to agree on the expecta-
tions, the extent of involvement, and the responsibilities of researchers and
practitioners. The IRR topic emerges from the industry’s specific needs and
relevant aspects of their context, e.g., current software engineering practices.
At the end of this step, a team is formed, and they have identified preliminary
information needs.

2. Identify research questions and develop the IRR protocol: The second step
involves more detailed planning, where the initial research questions and
a protocol are described. Researchers and practitioners refine the research
questions as the understanding of the practitioners’ context improves. This
is an iterative process during which the review team develops an understand-
ing of the terminology and domain jargon. It may take time to develop a
consensus on the research questions and the scope of the review. Once the
research questions are sufficiently clear, the review team further articulates
decisions like the search strategy, inclusion and exclusion criteria, and ap-
proach to conducting the analysis. The protocol is a living document that is
revised and updated throughout an IRR.
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3. Search and select papers: In the third step, the search and selection of papers
are performed. Several decisions to ensure a rapid literature review are taken
in this step at the cost of completeness of coverage. Furthermore, the team
develops criteria and a shared understanding of what papers are considered
relevant, in particular, taking the practitioner’s perspective and context into
consideration.

4. Extract and synthesize data: Step four is about extracting data from the in-
cluded papers and synthesizing the results and findings. Preparing the re-
ports and templates to be filled with the results may help to save time and
focus on the synthesis. These reports may include summaries, slides, in-
fographics, etc. To make the results more accessible for practitioners, the
review team can consider creating narrative synthesis [29] and provide sum-
maries [7].

5. Disseminate IRR results: The final step in the IRR is to disseminate the
IRR results. The dissemination actions are designed to communicate the
results to practitioners and researchers. When sharing the results with the
practitioners, an active role of the practitioners involved in the team may
add more context and increase the interest in the findings.

4 Research methodology

In this study, we aim to collect the experience of using the proposed IRR approach
in practice and identify further improvements in the guidelines. For this purpose,
we posed the following research questions:

1. How did the teams comprising researchers and practitioners conduct
the IRRs?

To answer this question, we collect information about how two teams com-
prising both researchers and practitioners followed the steps proposed to
conduct an IRR [30]. The approach is briefly summarized in Section 3. We
describe how each team applied the guidelines.

2. What are the benefits and challenges when conducting IRRs?

With this research question, our goal is to collect the benefits and challenges
observed during the conduct of the reviews.

We attempted to answer the above research questions in a two-case exploratory
case study. In the two cases, the IRRs were conducted by two independent groups
of researchers and practitioners.

There were three main types of participants in the reviews. Practitioners (Pi,j ,
i.e., j:th practitioner in review i) participate from outside the university for the
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purpose of the review, researchers (Ri,j) participate from the university for the
purpose of the review, and meta-level researchers (Mj) participate from the uni-
versity to conduct the research presented in this paper.

This IRR was conducted as a collaboration between one researcher and one
practitioner from case company 1. The company is a multinational company de-
veloping software and hardware in the area of networking and communications.

The review initially focused on exploring the criteria for selecting open-source
and closed-source software tools in software development. The goal of the IRR
was to identify important factors and challenges in selecting software tools and to
provide recommendations for improving the selection process at the company.

The following participants were involved in the review:

• Practitioner P1,1: An experienced practitioner working with “technology
studies”, which involves understanding current research

• Researcher R1,1: A senior researcher from Lund University, active in the
area of Requirements Engineering, with experience from conducting sec-
ondary studies

• Meta-level researcher M1: A researcher aiming to facilitate and support the
review, and collect data for the purpose of the research presented in this
paper. M1 is the first author of this paper. M1:s main research interest in
industry-academia collaboration in software engineering research.

4.1 Case-MLTest: Machine learning testing
This IRR was conducted as a collaboration between researchers and practitioners
from case company 2, a manufacturer of network cameras for physical security
and video surveillance industries. The review’s objective was to understand more
about ML testing, and identify research results of interest to the case company.

The following participants were involved in the review:

• Practitioner P2,1: A developer with a background in mechatronics and math-
ematics, who has worked at the company for about five years with machine
learning applications.

• Practitioner P2,2: A researcher employed by the case company, with a Ph.D.
in mathematics, who is currently continuing research in the same area as
their Ph.D. topic and applying their research in product development.

• Practitioners P2,3 and P2,4 also participated in the review from the case
company. However, they were not interviewed for this study since they only
attended the meetings and were less actively involved in the steps.

• Researcher R2,1: An experienced researcher in the area of machine learning
in software engineering
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• Researcher R2,2: A Ph.D. student in the area of software testing and machine
learning. The review is relevant to the researcher’s thesis work.

• Researcher R2,3: Experienced researcher in the area of software testing. The
third author of this paper.

• Meta-level researcher M1 with the same role as in Case-SoftSelection.

Researchers R2,1, . . . R2,3 have been involved in traditional literature reviews
mainly with academic participants prior to this IRR. This means that the concept
of a systematic literature review is not new to them. The conducted IRR was pre-
sented in a conference publication [32].

4.2 Data collection
In this study, we used interviews for data collection. The interviews were semi-
structured [31], i.e., we identified the main themes to cover in the interviews and
prepared several questions to guide the exploration of these themes. However, we
adapted to the conversation during the interview, which meant adapting specific
questions and their order, and asking additional questions. For example, if the in-
terviewee jumped forward to an interesting topic, they were not interrupted.

The complete list of questions can be found as additional material.1

In Case-SoftSelection, interviews were conducted both before and after the
review. In Case-MLTest, interviews were conducted only after the review.

Researcher M1 participated in both reviews to be able to follow the process
from beginning to end. Data collection before the review in Case-MLTest was
mainly conducted by M1 participating in and observing the planning of the review.

In both reviews, researcher M1 supported the review team by answering ques-
tions concerning the IRR method.

After the reviews, researchers and practitioners from both review teams were
interviewed to understand their experiences. We interviewed them about how they
conducted the reviews, their experiences collaborating with practitioners/researchers
in this work, and their thoughts about the obtained results. We asked them about
the expected vs. actual results, contributions to the company, and the IRR’s contri-
bution to the long-term objective of learning how to collaborate. Additionally, we
inquired about their views on research evidence and what makes a research paper
good in their opinion.

Besides the interviews, we had access to the project files, where the resear-
chers kept track of the steps and stored the files related to their project. These files
provided additional information that we used to confirm and compare the answers
given in the interview. For example, we looked at the details of the IRR, such as
the search string, the inclusion/exclusion criteria, the number of papers found, and
the presentation slides.

1LINK

https://drive.google.com/file/d/129SrNzU-SiIvgzP5_CiU4DvQMYvmlLxl/view?usp=sharing
https://drive.google.com/file/d/129SrNzU-SiIvgzP5_CiU4DvQMYvmlLxl/view?usp=sharing
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4.3 Coding and analysis

The eight interviews were transcribed and coded using QSR International’s NVivo
qualitative data analysis software for coding and analysis. Below, we describe the
codes used in the analysis and the steps followed to analyze the data.

Coding levels

We used three levels of coding to organize and analyze the data. The first level
(level-1) acted as an index to map the chunk of the interview to one or more of
the aspects of interest, such as benefits, challenges, and steps. The second-level
(level-2) grouped findings, and the third level (level-3) codes described or quali-
fied the second-level codes. For example, suppose the level-1 code was about ben-
efits. In that case, the level-2 code could be about a specific benefit (e.g., mutual
understanding), and the level-3 codes could describe unique aspects of this benefit
or capture relevant findings (e.g., views alignment, define common terminology,
other’s perspective). The initial level-1 codes were:

• Case Description: We used this code to index chunks of the interview that
we could use to describe the case. Some level-2 codes we were interested in
include background, profiles of researchers and practitioners, initial views of
each other, experiences working with industry/academia, and participation
in secondary studies.

• Expectations: We captured with this code the interviewee’s expectations.
With level-2 codes, we classified the expectations according to who had the
expectations (researchers or practitioners) and the type of expectation (e.g.,
empirical validation, exchange, new knowledge).

• Steps (code for research question 1, i.e., about the conduct of an IRR): With
this code, we indexed the chunks of the interview where the interviewees
described how they conducted the IRR. The level-2 codes are the steps of
the IRR (see Section 3).

• Benefits and Challenges (related to research question 2, i.e., benefits and
challenges of IRRs): With this code, we indexed the chunks of the interview
where we identified positive aspects brought by the IRR (i.e., benefits), or
challenges in conducting an IRR. Each of the benefits was coded under a
level-2 code. The initial set of level-2 codes were the expected benefits and
challenges based on the experiences from rapid reviews in medicine [23]
and our experience conducting secondary studies in software engineering.

The initial set of codes evolved during the coding and analysis process [11].
For instance, we added one more level-1 code related to the outcomes of the IRR.
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Similarly, level-2 codes were added when we identified new benefits or challenges.
The final set of codes is available as additional material.2

Figure 2: Example of part of the spreadsheet row

Coding steps and analysis

We have followed the steps described below to code the interviews:

1. In NVIVO, the first author coded the chunks of the interview (i.e., questions-
answers) with the level-1 codes.

2. To facilitate the exchange within the research team, the chunks of the inter-
view were exported to a spreadsheet document (Fig. 2) with the following
columns:

• Check validity: Used to indicate whether other researchers reviewed
the chunk.

• Document: An identifier that represents the IRR and the interview. For
example, IRR1P1_Before means the first interview with the practi-
tioner in Case-SoftSelection.

• Interview fragment: The verbatim text of the interview. Each cell con-
tained a question-answer pair.

• First-level code: The level-1 code was used to code the interview frag-
ment. One interview fragment can be coded under multiple level-1
codes.

• Second level code: As described above, the level-2 code groups the
findings. One first-level code can be coded under multiple second-level
codes.

• Third level Code: The description/qualification of the 2nd level code.
One second-level code can be coded under multiple 3rd level codes.

• One column for recommendations

• One column for comments from each author
2LINK

https://drive.google.com/file/d/1ZQ363FsCxv461jjweUMriR_oKEp3kd4P/view?usp=sharing
https://drive.google.com/file/d/1ZQ363FsCxv461jjweUMriR_oKEp3kd4P/view?usp=sharing
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3. The first author coded the interviews.

4. The third and fourth authors reviewed the coding in the spreadsheet. Dis-
agreements were discussed and resolved to reach a consensus.

5. The second author reviewed the coding.

6. The first author addressed the comments and suggestions from the reviews.

While the coding was being done, the research team met weekly to discuss the
coding process and the evolving codes. Once the interviews were coded, the codes
related to the steps were used to develop the narrative about how the IRRs were
conducted (as reported in Section 5.1). Similarly, the codes related to the benefits
and challenges (2nd-level) were used as a basis for synthesizing and summarizing
the findings reported in Section5.2.

The set of recommendations was developed incrementally. The first set of rec-
ommendations was derived from explicit coding (i.e., recommendations expressed
by the interviewees). Furthermore, some recommendations are responses to iden-
tified challenges. Finally, all authors reviewed and discussed the final set of rec-
ommendations in a meeting and revised them while writing the manuscript.

5 Results and analysis

In this section, we present the results of the coding and analysis. The section has
three subsections, outlined, in accordance with the research questions. Section
5.1 describes how the IRRs were conducted. Section 5.2 includes the benefits of
conducting IRRs as a tool for researchers-practitioners knowledge exchange. Sec-
tion 5.3 describes aspects found challenging for the review teams when conducting
IRRs.

5.1 Conducting IRRs

In this section, we describe step by step how the two review teams conducted the
IRRs based on the guidelines. Table 1 shows a summary of how the IRRs were
conducted. We used two styles to format the quoted text in the subsections. Text
quoted from the guidelines is marked by a sidebar and takes an entire paragraph,
while text from the interviews is included in the text within quotation marks.

Preparation

“The first step involves forming a team of researchers and practitioners partici-
pating in the review. The researchers who lead the IRR need to present the aims,
process, timeline and expected commitment to the group.”
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Table 1: Summary of how IRRs were conducted

Case Case-SoftSelection Case-MLTest
General Topic Software Component Selection Testing Machine-Learning Systems
Practitioners’ expectations Pilot industry-academia communica-

tion, explore research findings on cri-
teria for software selection

Explore research on machine learning
testing

Researchers’ expectations Pilot industry-academia communica-
tion, develop a collaborative network

Explore machine-learning testing in
practice, networking

Team 1 Researcher (R1,1), 1 Practitioner
(P1,1)

4 Practitioners (P2,1, P2,2, P2,3, P2,4),
4 Researchers (R2,1, R2,2, R2,3, M1)

Research questions What criteria are relevant for the com-
pany to consider when selecting a SE
tool or component?

General question: How to test the
dataset?

Search Key-words search in Scopus Based on 3 Systematic Literature Re-
views

Papers found 147 primary studies. 27 papers coded 180 primary studies mapped to 10 chal-
lenges. 5 of the papers mapped to the
general question

Analysis Extracting criteria from papers, and ex-
changing with practitioners

Developing a taxonomy of ML-testing
based on literature and one case context

IRRs outcomes Preliminary model for component se-
lection

Examples of problem-solution matches
in terms of technological rules [33]
(non-extensive)

Dissemination Share preliminary results with practi-
tioners, working sessions to build a
model, research paper

Share papers with practitioners, share
findings with company representatives

Post-IRRs Second iteration to extend the search
and validate the model

Master thesis proposal, new projects

Since the level of prior knowledge about IRR differed in the two cases, the need for
an introduction to the method varied. In Case-SoftSelection, the researcher leading
the review was new to the concept of IRRs, while the researcher leading Case-
MLTest had been involved in developing the IRR guidelines. Thus, we provided
the IRR guidelines to the researcher R1,1 to lead Case-SoftSelection. Moreover, we
provided some material to support the presentation of the ideas, initial planning,
and a document to develop the protocol. In Case-MLTest, the third author of this
paper R2,3 was part of the team conducting the IRR.

In both cases, the review teams were formed after the initial discussions, when
the topic was agreed on. In Case-SoftSelection, there were no changes on the prac-
titioners’ side, while the research team was formed based on the emerging topic.
Initially, with only one researcher, R1,1, one more researcher (second author in this
paper) joined the team after one iteration of search and selection. In Case-MLTest,
three more practitioners with different but relevant roles were added to the team,
while the researchers’ team remained the same.

“Next, the team needs to agree on the expectations, the degree of involvement,
and the responsibilities of researchers and practitioners. Ideally, the IRR topic
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emerges from the industry’s specific needs, and relevant aspects of the context
and current practices are introduced to the team.”

In both cases, the motivation for conducting the IRRs was to explore possi-
bilities for industry-academia collaborations on new topics. Thus the industry’s
specific needs were not of the highest priority.

The idea to conduct Case-SoftSelection came when a practitioner P1,1 reached
out to a group of researchers wanting to explore ways to work together. The third
author of this paper took part in these initial discussions and suggested conducting
an IRR as a first step. At this point, the main interest of conducting the review
was to explore potential topics of mutual interest and, to some extent, test the
experience of working together. In Case-SoftSelection, Practitioner P1,1 presented
an initial list of topic ideas: “I just said that I have a lot of ideas like 10 or 15. I
said pick something that is interesting like this, or that” - [P1,1].

Case-MLTest was, on the other hand, initiated by researchers interested in ex-
tending their network of industry contacts working with machine learning appli-
cations. Previously, the researchers R2,1, R2,3 developed a platform for machine
learning testing approaches [5]. Researcher R2,1 approached an industry contact
P2,2 within that network, who became the primary company contact for this re-
view. The researchers’ initial idea was to explore aspects of testing machine learn-
ing in practice. The practitioners were also interested in joint efforts with resear-
chers on the same topic. Here the broad topic was suggested by researchers and
found to be relevant enough for the practitioners, as described by R2,1: “They had
the application and you always want to test your applications. It’s not like they
have immediate problems in this area.” - [R2,1]

“At the end of this step (preparation), it is expected to have an IRR team, and
an initial description of the information needs, including a topic and context
variables.”

The two review teams that were formed were of different sizes. Case-SoftSelection
initially involved one practitioner and one researcher, while Case-MLTest involved
four researchers and four practitioners. In both cases, the information need was de-
scribed at a very high level of abstraction, “How to test ML applications” and
“How to select tools and software components”. Even though the information
needs were general at this point, and one was more specific than the other, they
described the topics of interest at that time. These needs were the starting point
for starting the search and specifying the research questions. The particular el-
ements of the context that influence the review were not identified at this stage
but evolved through interaction between researchers and practitioners during the
reviews in both cases.
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Identify research questions and develop the IRR protocol

“The second step consists of more formal planning where the IRR research ques-
tions are defined and an initial protocol to conduct the IRR is started.”

After two meetings in Case-SoftSelection, the researcher and practitioner agreed
on a more precise idea about the topic to explore and the next steps in the IRR.
Then, the review team comprised the researcher R1,1 and practitioner P1,1. The
review’s main topic was the selection of software components.

In Case-MLTest, during a meeting with the practitioners, the researchers shared
the overview and the list of topics. Then, the practitioners presented their work and
products supported by machine learning and challenges. After the meeting, the two
groups agreed on the broad topic of the IRR, testing of ML applications.

“Defining research questions with practitioners is an iterative process that re-
quires understanding the practitioners’ context, practices, challenges, and ter-
minology.”

Since, in none of the cases, any specific research questions were decided up-
front, some initial effort was spent identifying questions of high relevance for
everyone involved. In Case-SoftSelection, after a couple of initial conversations
between P1,1 and R1,1, they came up with a preliminary idea about exploring
the selection of tools and software components. The researcher reviewed papers
related to the first research question about the criteria for selecting software com-
ponents. Meanwhile, the practitioner also identified criteria, not from research pa-
pers but by reflecting on their own experience and consulting their colleagues. In
Case-MLTest, an initial brainstorming meeting was held. Before this meeting, the
researchers developed a preliminary taxonomy of state-of-the-art ML-testing us-
ing the SERP-taxonomy architecture [15]. The taxonomy served two purposes, to
present a general overview of the published literature to the practitioners and guide
the discussions about the practitioners’ context and needs. This meeting resulted
in a list of potential research questions, which were then ranked independently by
everyone involved in the meeting (four researchers and four practitioners) to select
the most relevant questions. Based on the ranking, the first research question was
formulated about data and input testing, i.e., how to test the data.

“Then, it may take time to develop agreements about the research questions and
related terminology.”

As stated above, in both cases, it required several interactions, in terms of meet-
ings, workshops, and offline communication, to define the research questions for
the review. R1,1 pointed out that provided presentations, templates, and checklists
were a help to communicate expectations within the team:

“Since we all know what a literature review is. Having the presentation slides
and the template for having different things to fill in made it very clear. These are
the things we need to agree, and it was good to present them to the practitioner to
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get them to understand what the method was about. And to try and get the scope
nailed down. I think that was our biggest challenge at the beginning, to have some-
thing that was a reasonable scope that was clear and sort of not all over the place.
So I would say that having these templates helped, but then, of course, the discus-
sion still has to be there and you have to get the practitioner into the little box that
is easier for us to handle” - [R1,1]. Furthermore, the background section in the
template (part of the material initially to R1,1) showed to be helpful in validating
the problem understanding with the case company. R1,1 filled it out during the
initial discussions to develop a problem understanding. This was then sent to P1,1

to confirm the view and fill in the gaps. In both cases, the final set of review ques-
tions was exploratory. Furthermore, time limitations prevented the exploration of
the initial broad topics, but questions were refined during the reviews.

“Once the research questions are defined, the review team may develop an initial
version of the review protocol. The review protocol contains information about
the search strategy, inclusion and exclusion criteria, approach to conducting the
analysis, and the decisions made along with the review. Besides, the protocol is
updated with the progress and result of the following steps.”

Researcher R1,1 did not use the template we provided for the IRR protocol. In
their view, the document did not help accomplish the IRR faster because it included
many details to fill in. Instead, they kept track of the steps, search strings, inclu-
sion criteria, decision, and search details in auxiliary files according to their own
preferences. These files were stored in a project repository where the researcher
kept track of review steps, meetings, advances in the review, search results, bibli-
ography files, document drafts, and reflections and suggestions about the process.
One of the reasons for researcher R1,1 to keep track of the IRR in detail was to
be prepared if the results would be used for an academic publication. The review
team agreed that they would work iteratively, and the initial goal was to build a
model that could summarize and synthesize their findings. In Case-MLTest, the
researchers started developing the research protocol based on the template we pro-
vided. The protocol specified the research questions, search strategy, and inclusion
criteria. An additional document kept track of the work plan, activities, roles, and
responsibilities.

Search and select papers

“In the third step, the search and selection of papers are performed. Several
decisions to ensure a rapid literature review are taken in this step at the cost
of completeness of coverage. Furthermore, the team develops criteria and a
shared understanding of what papers are considered relevant for the IRR.”

In both cases, the researchers mainly searched and selected papers. They had pre-
vious experience conducting systematic literature reviews and followed similar
principles. They kept track of the process and documented the decisions that were



178 EXPERIENCES OF CONDUCTING TWO IRRS

made. The practitioners did not have any opinions about the process for finding the
papers and were more interested in finding something applicable in their context
than ensuring extensiveness in the search: “I don’t really know how much time they
spent looking for it, so it’s hard to know if it would be possible to look more or not.
I’m quite confident that they spent more than we could do from our side. So I still
think it is very valuable, and I trust their opinion enough not to spend more time
myself on it if they come to some conclusion. I would say.” - [P2,1].

In Case-SoftSelection, Scopus3 was used to search for literature. Search and
selection were made in three iterations while defining the final scope within the
review team. In Case-MLTest, the search step was skipped since the researchers
were aware of three recent literature reviews on the topic and used them as a start-
ing point. Although they were confident in the rigor of the searches in those sec-
ondary studies, they were also aware that the field is active and it is possible to miss
something. However, completeness was not the main priority “ Q. How important
is being systematic vs. finding something applicable for them? A. Being extensive
wasn’t our priority. So we wanted to really have something applicable. Once you
have something applicable, it is easier to start from that. Q. And for them? Do you
think it is the same? A. Yes, they do not care about completeness. ” - [R2,1]

In Case-SoftSelection, the review topic was not the main topic of the researcher’s
expertise. However, they were confident in the systematic review process.

In both cases, selecting the relevant set of papers was iterative and involved
feedback from the practitioners. In Case-SoftSelection, the review team had meet-
ings discussing their findings. In Case-MLTest, practitioners were involved in read-
ing and commenting on papers of potential interest, which helped refine the inclu-
sion/exclusion criteria. “ then they started doing the review, finding a bunch of
articles. And then they sent us a few of them, and we looked at them. They were
not very relevant. They talked about the training data and stuff that we’ve talked
about. But not really for image training data. It was more general for other kinds
of media. And I found after reading those first papers I couldn’t really see how to
apply those general techniques to image data. So then there was a second round
where they added this criterion that we wanted to work with images or videos.
And then, I found more relevant work.” - [P2,2]. After the first iteration in Case-
SoftSelection, the review team realized that many of the papers were quite old, so
they adapted the search strategy to find more recent research.

In both instances, there were an equal number of research publications that
were screened (hundreds) and reviewed (30–40) studies. However, since the goal
of Case-MLTest was to find an applicable technique rather than develop a more
general theory, as in Case-SoftSelection, the procedure of excluding papers con-
tinued until only a handful of papers remained. The practitioners then evaluated
the papers and provided feedback to the researchers about their relevance to their
current problems. As a result, the inclusion and exclusion criteria were updated.

3Scopus is one of the largest abstract and citation databases of peer-reviewed literature: scientific
journals, books and conference proceedings. (Retrieved from https://www.scopus.com, [3])
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Extract and synthesize data

“Step four is about synthesizing the results and findings from the included pa-
pers. An idea to better communicate the findings is to design the reports and
documents that will be used to share the results in advance. It is vital to ensure
that the findings will be easy to follow for the practitioners. For that reason, it
is suggested to use narrative synthesis and practitioner-friendly summaries. A
recommended practice is to hold reaction meetings where the IRR team presents
preliminary results to the team or an extended group of practitioners. The re-
action meetings give feedback to the team and may inspire them on how to
communicate the results.”

The data analysis approaches differed between the two cases due to the somewhat
different goals. Case-SoftSelection had a higher ambition of synthesizing results
of a larger share of included papers. On the other hand, in Case-MLTest more effort
was spent selecting relevant and applicable approaches for their case company’s
context.

Case-SoftSelection applied thematic coding to find answers to their research
questions. The researcher derived an initial set of codes that evolved along with
the coding based on the research question. The papers were coded using Nvivo.
After clustering the codes, the outcome of the IRR was a list of criteria for se-
lecting software components. On the other hand, the main focus of the coding in
Case-MLTest was to improve the inclusion and exclusion criteria. As a result, the
initial SERP-taxonomy [15] was extended with information retrieved from the in-
cluded papers and the practitioners’ feedback regarding their context. Based on
the common taxonomy, researchers were forced to be explicit about the relevant
details of the proposals.

Disseminate results

“The final step in the IRR is disseminating the IRR results. The dissemination ac-
tions are designed to communicate the results to practitioners and researchers.
When sharing the results with the practitioners, the practitioners involved in the
review team have an active role, e.g., when presenting or discussing the results,
they may add more context and thus increasing the interest in the findings. In
addition, even though it is not the primary goal, the researchers involved may
be interested in communicating the findings to academic audiences through re-
search papers.”

In neither case did the researchers conduct specific actions to disseminate the re-
sults beyond the review team, e.g., within the organizations. However, in Case-
MLTest, preliminary results were shared with practitioners from another business
unit where the results were relevant. “And I read maybe three of those articles.
And one of them I passed on to another team that actually [they] evaluated [it]
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and compared it with a few other techniques that they were aware of.” - [P2,2].
After the reviews, both review teams also reported their results and experiences in
scientific publications.

In both cases, preliminary results were presented by the researchers at dif-
ferent stages during the review. The manner in which these were presented was
also influenced by the expectations of the practitioners. In Case-SoftSelection, the
topic was more general, and the identified papers were more divergent. There the
researcher extracted and synthesized contributions and presented a preliminary
model of component selection (a taxonomy of criteria) to the practitioner. Re-
searcher R1,1 shared the list of criteria with practitioner P1,1. They also shared
some of the papers (actual pdf files) that were the most relevant to the topic. Then,
jointly throughout a series of meetings and discussions (at least three meetings in-
cluding a working session with a whiteboard), they integrated the criteria found in
the research papers with the ones collected by the practitioner to produce a model
for selecting software components. The model and research findings were not com-
municated to a larger group of practitioners within the company. Instead, the model
was an input for a research study where the review team planned to complete and
evaluate the model. In Case-MLTest, the practitioners were up to date with current
research and were used to reading research papers. The preliminary results were
presented in terms of selected papers and the researcher’s reflections on potential
inclusion and exclusion criteria.

The final results of Case-SoftSelection were reported as a short Powerpoint
presentation showing the taxonomy and explanations of the identified criteria. In
Case-MLTest visual abstracts [33] were created, summarizing the contributions of
the five best problem-solution matches, and presented at the concluding review
meeting.

5.2 Benefits

By benefits, we mean the positive impact of the IRRs on the researchers, practition-
ers, their relationships, and their organizations. A benefit could be experienced in
different ways by different stakeholders. For example, obtaining results from liter-
ature in a structured way can be seen as a benefit for the practitioners if we assume
that they usually do not conduct systematic reviews. On the other hand, for the
researchers who typically perform systematic reviews, the benefit is the possibility
of involving practitioners in the process and increasing the industry relevance of
the reviews.

Before analyzing the benefits of conducting IRRs, let us discuss their context
and preconditions. When analyzing the advantages of Case-SoftSelection for de-
veloping networks for collaboration, it is fair to say that from the beginning, an
important motivation for P1,1 was to find ways to collaborate with academia. The
IRR approach seemed to be a way to start working on something concrete to find
common topics of interest and build a relationship. According to R1,1, P1,1 was
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more interested in the meta-level, i.e., finding ways to collaborate. So the overarch-
ing goal in Case-SoftSelection was to explore ways to collaborate. The researcher,
R1,1, was also interested in collaboration with industry, although not as a research
topic explicitly finding practical means to work smoothly with industry. Thus, the
Case-SoftSelection may be seen as a way to pilot and assess the feasibility of col-
laboration with academia.

Case-MLTest was motivated by researchers P2,1 P2,3 since they were working
on a project about testing machine learning. They were interested in seeing things
from industry practice and networking with practitioners in the field. According
to P2,1, the IRR allowed the participants to work on a specific problem and look
at the horizon for future collaborative work. The topic interested them, and then
they allocated resources and got involved in the review. In the long term, the Case-
MLTest contributed to identifying common interesting topics, meeting potential
new collaborators, and determining how they can complement each other to work
together. As one of the results, the review team got an overview of the field that
facilitates identifying opportunities for new studies.

From the interview material, several benefits were identified. They can be clas-
sified into four categories: (1) mutual learning, (2) overview of the field, (3) usage
of research, and (4) future collaboration.

Mutual understanding

The advantages of researchers and practitioners working together are related to the
parties gaining mutual understanding, the researchers learning from the industrial
context, and the co-creation of knowledge. There were a few advantages identi-
fied linked to working together and thereby would not as easily be obtained in a
researcher-only literature review.

In the Case-SoftSelection, the researcher and practitioner started the collabo-
ration in this review and had different views of the topic. The researcher perceived
that the practitioner was more interested in new findings, while the researcher put
more emphasis on published findings, which may not be so new. On the other
hand, the practitioner perceived that his involvement helped the researcher focus
on relevant findings. “So we spent a lot of time on that. I think that helps, and
I think that’s good because then, when you start to talk about actual issues, it’s
much easier.” - [P1,1]

Then, there is some indication that performing the IRR helped to focus on
topics with industry relevance. As the researcher states “Now we have our model
and I sort of introduced the thought that we could sort of redo the literature review
and then he was a bit more interested in yes that might be a good idea. And he had
actually found an article that he was referring to and I read that was relevant.” -
[R1,1]

Then, we can see indications that the joint work contributed to understanding
each other’s perspectives and advancing a common model that synthesizes the
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practitioner’s and researcher’s perspectives and findings.

Overview of the field

The researchers thought that they obtained not only knowledge from the literature
but also from the company. For them, one contribution is that they were able to
understand the industrial perspective of the problem that they investigated: “Well,
I think all the way through the study, we have learned a lot about the topic that
we are looking at. But I think the most significant for me from this rapid review
with [Company] was that we actually knew what was interesting from the industry
perspective” - [R2,2]

Even if the researchers did not know the review’s topic in detail before the
review starts, conducting the IRR was an opportunity to gain knowledge on the
industrial perspective in context.

Usage of the results of the review

When it comes to the usage of the results of the review, it can be seen in different
ways. Industry practitioners find it positive to get a general understanding of the
research front. Even if they normally do not conduct systematic literature reviews,
they find it positive to see confirmation of ideas and problems in the literature.
“...maybe you can get confirmation on your own ideas that it is like basic stuff,
right? or do we totally diverge” - [P1,1] By contrasting the actual practices with
the outcomes from research papers, practitioners get indications if their practices
are roughly in line with other companies, or if they are behind other companies in
a specific topic.

However, P1,1 reflected that this contrast is not easy to do. Besides, it depends
on the area. Overall, the participants found value in becoming aware of the re-
search state of the art and having some clues to what scientists and other industries
are working on. It should also be noted that the participants identified research lit-
erature before, but this way of identifying literature was good compared to other
approaches (e.g., Twitter and ad-hoc search were mentioned). The industry repre-
sentatives did not express high requirements on empirical evidence. Instead, they
said, for example, that if they find one single relevant paper with a relevant solution
for them, that would be valuable. On the other hand, they would be more cautious
if the paper only present theoretical results and see that as a risk. They stated that it
is positive if the paper includes evaluations, but if it does not require too much ef-
fort, they may try it out themselves in their context. It is also mentioned that when
they find new solutions, they want to compare them quantitatively with metrics.

Develop Networks for future collaborations

The fact that new networks were formed was seen as a benefit for practitioners
and researchers. It is seen as positive that they have learned how to collaborate and
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found a process with meetings to manage the work. The researchers also empha-
sized the positive impact of gaining an understanding of the industrial context and
problems. This makes it easier to formulate collaboration projects in the future.
Actually, this IRR spawned a M.Sc. collaboration projects and ideas for future
applications. One practitioner highlighted the usefulness of gaining insights into
the interests of researchers from reading papers, as it made it easier to collaborate
with researchers in the future.“I think so because it gives me much more insight
into what they are interested in. So if I’m sitting with a problem in the future, then
I feel that I have more knowledge of when would this actually be interesting to
research, and then I could reach out to them and ask [if] there is something that
you want to cooperate with.” - [P2,1]

5.3 Challenges

In the two cases analyzed in this study, we identified some challenges when con-
ducting IRRs. By challenge, we refer to something that poses difficulties when
performing the review. The challenges and limitations can be categorized into the
following main classes:

• challenges related to roles i.e, researchers and practitioners not being aware
of their responsibilities

• challenges related to the lack of results matching the needs and expectations
of the review team

• challenges related to the timeliness of the reviews

Different roles

Conducting a literature review is demanding, and having researchers and practi-
tioners collaborating in the loop poses even more challenges. Practitioners have
their objectives related to the current challenge and directions in their companies,
and researchers are interested in finding more generalized results, which is also
reflected in the way primary studies are written.

We noticed in the two cases that the practitioners had little awareness of their
role in the IRR. Even though the term and steps were introduced at the beginning
of the IRR, and they were actively involved in the activities, they were unaware
that they were participating in a different type of literature review and the steps
to conduct it. This has a positive side, in that it does not burden the practitioners
with research aspects they are unfamiliar with. However, it also has a negative
side, since if the practitioners were more aware of the steps, they could be more
involved in the process and relate the results to their own context. Additionally, if
their experiences were positive, they could be more motivated to conduct IRRs in
the future.
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Another challenge observed was different expectations and goals, which af-
fected how the team conducted the review.For researchers, conducting literature
reviews is a regular research task, but practitioners can have other expectations. In
Case-SoftSelection, there was a mismatch between the researchers’ and the practi-
tioners’ expectations and goals. The researchers thought that the practitioners were
not as interested in the generalized knowledge as the researchers were. Instead, the
researchers believed that the practitioners were more interested in single. To over-
come this challenge, the researchers followed the review protocol, which made it
more relevant to conduct the review. “I think it was very good to have something
concrete to do to produce some output to talk about. Otherwise, I think my collab-
orator [...] has a lot of things to say for [their]self, so it has been good to have [the
process] to get some information and some knowledge from the review.” - [R1,1]

Lack of results matching needs and expectations

In both cases, we noted that the papers found during the review did not precisely
match the practitioners’ needs and expectations. This challenge can also be seen as
a result of different expectations between researchers and pratitioners. The iden-
tified articles were not genuinely meeting the expectations of the practitioners.
There were three main types of mismatch between the papers found during the re-
view and the practitioners’ needs and expectations. One type of mismatch was that
the practitioners had specific questions from their specialized field, and the papers
found were not directly related to these questions. This can be challenging for the
review team, as they may not be able to find the information they are looking for
and may be disappointed with the results of the review.

The second type of mismatch was that the identified papers were older than
expected by the practitioners. The practitioners may be looking for the most up-
to-date information on a topic, and older papers may not be perceived as relevant
or useful. However, it is important to recognize that research and practice have
different paces, and what may be considered an up-to-date problem in practice
could be considered a problem solved in research.

Finally, the papers can also be considered to be too “long-term” or too the-
oretical for application in the short term. Practitioners may be looking for more
practical or applied information that they can use in their work immeditely. The-
oretical or long-term papers may not be considered useful in these cases. One of
the practitioners commented on this challenge: “I think the things I found there
[were] probably a lot more long-term than what I’m looking for. For example, one
of the papers was interesting and perhaps we can use this at some point, but it’s
not something that I’m going to spend more time now because I think it will take
[a] too long time to get payback for it.” - [P1,1]

That is, the identified papers were older, more long-term, and not in the prac-
titioners’ specific fields than they would have wanted.
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Timeliness

We investigated the extent to which the participants saw the reviews as “rapid”.
One researcher (R1,1) stated that the review was relatively rapid compared to pre-
vious reviews they had conducted. However, the researcher also had experiences
from other secondary studies that were conducted in a shorter time frame. The
practitioners (Case-MLTest) did not discuss the lead time as much as they dis-
cussed the effort involved them. They noticed that they had many other tasks in
parallel, and they did not have to spend a lot of effort on this review. Regular
meetings were seen as a good way to keep the work going.

In both cases, the researchers commented on the need to use tools that could
support activities e.g, on the search, selection, managing references, and analysis.
However, these tools were not used in any of the reviews.

6 Recommendations for conducting IRR

Based on the research findings, we suggest the following recommendations when
researchers and practitioners conduct IRRs. These practices aim to make the IRR
valuable for researchers and practitioners, increase the benefits, and address the
challenges previously described. Table 2 lists the recommendations for each step
proposed to conduct IRRs. Below we describe the recommendations in more detail
following the steps of the IRR process.

6.1 Prepare

The team in charge of the IRR can add expertise to the review team when
needed. Although the IRRs guidelines suggest forming a team of researchers and
practitioners in the first step, the teams do not necessarily maintain the same com-
position throughout the process. For example, in the Case-SoftSelection, the team
was formed by one researcher and one practitioner. However, the team was ex-
panded for a second iteration to include another researcher when they realized that
they would like to consider the views of a researcher with a different background
and more specific experience.

Some characteristics of the practitioners or their company can make working
with them easier. For instance, in Case-SoftSelection, the company was a large
telecom company, and the practitioners were from a part of the organization that
was in charge of the frontier of cutting-edge technologies. Consequently, as part
of their work assignments, the practitioners focused on both advances in academic
research and conducting applied research. In Case-MLTest, the company started as
a startup incubated in a university environment and later was acquired by the com-
pany. These facts indicate, to some extent, an openness and willingness to work
with researchers. Thus, when planning to conduct IRRs with industry partners,
we suggest identify cultural aspects that may influence a positive environment
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Table 2: Recommendations for conducting IRRs
Step Recommendation

Prepare Add expertise to the review team when needed
Identify cultural aspects that can result in a positive envi-
ronment for the IRR
Involve practitioners with a research background or ap-
preciation for research
Identify the expectations and motivations of the practi-
tioners to conduct the IRR
Develop consensus on a goal that brings value to both
sides.
Select topics interesting for both researchers and practi-
tioners.

Define RQ Plan for a lot of initial interaction
Focus on the practitioners’ context
Hold the input meeting where practitioners present the
problem and context

Search and
selection

Be prepared to handle results that could be considered, in
principle, negative or incomplete
Define small concrete outcomes
Get feedback on the preliminary results

Extract and
synthesize data

Thematic analysis may help to overcome terminology
and context gaps
Adapt the analysis to expectations and available literature

Disseminate
results

Find means and ways to have practitioners’ friendly com-
munication
Be aware of different terminologies
Translate the results

IRR
management

Remember that the guidelines suggest a flexible approach
that can be adapted to the needs of each IRR.
Keep the IRRs focused, rapid, and interactive.
Have a shared repository and keep track of the decisions
made while conducting the review
Take the opportunity to learn to work together
Meet, talk, and develop joint work sessions.
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for the IRR. Identifying these aspects is not straightforward. However, researchers
can be aware of some signals that suggest a willingness to collaborate, e.g., atti-
tude during the meetings, openness to discuss current problems, and dedication of
time. In summary, if the researchers understand the practitioners’ cultural aspects
and context, they can promote actions to develop a positive environment for the
IRR, which can increase the chances of success and the potential benefits.

Involve practitioners with a research background or appreciation for re-
search. In Case-SoftSelection and Case-MLTest, the practitioners involved had
research experience and, therefore, some appreciation for research work and work-
ing with researchers. For instance, in Case-MLTest, the researchers signaled that
the communication was much more straightforward since one of the practitioners
had a Ph.D. and his work included contact with research. However, research back-
ground or appreciation for research includes not only Ph.D. holders. Practitioners
who have co-supervised master’s theses or participated in research studies can also
be suitable candidates. For instance, as seen in Case-SoftSelection, the practitioner
had a positive attitude toward working with researchers making it easier to start
talking.

In our two cases, the researchers were in charge of planning the IRRs. Based on
their experiences, we highlight some aspects to consider when planning the IRRs.
At the very beginning of the IRR, the researcher should identify the expectations
and motivations of the practitioners to conduct the IRR. These motivations
differ slightly from the information needs explicitly related to the IRR topic. By
the expectations and motivations, we mean the implicit reasons that encourage
practitioners to work with researchers. These reasons may vary. Some examples
are: getting feedback from different perspectives, hiring people, building a brand
and reputation, getting help with a particular problem, or fulfilling a requirement
from managers and staff. If the researchers know what motivates the practitioners
to participate, then they can develop consensus on a goal that brings value to
both sides.

IRRs are supposed to be a joint effort between researchers and practitioners.
However, once the project starts, there is an inherent risk of losing commitment
and willingness to work. Previous studies about industry-academia collaboration
have pointed to the lack of relevance as one of the causes [19]. Moreover, in the
case of secondary studies, it takes a long time between the problem formulation
and the publishing of the results. Therefore, it is important that the selected topics
have to be interesting for both researchers and practitioners. This can help to
maintain engagement and commitment to the collaboration. Furthermore, one way
to maintain the interaction and provide value to both sides along the review process
is to plan to deliver small concrete outcomes. Examples of these small concrete
outcomes include a summary of papers, a short list of papers, or a summary of the
main findings. Providing regular, small deliverables can help to keep the IRR on
track and ensure that both researchers and practitioners see the value of working
together.
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6.2 Define RQ
Getting information about the practitioners’ context is critical when scoping the
problem and formulating research questions. For this purpose, the team should
plan for a lot of initial interaction to get a deep and common understanding of the
review questions. In our two cases, it took several iterations to define the questions.
The researchers’ efforts in this stage should focus on the practitioners’ context.
In Case-MLTest holding the input meeting where the practitioners presented
the problem and contexts to the researchers was an opportunity to discuss with
the practitioners. These types of meetings allow the researchers to ask specific
questions about the context and identify other variables that may be relevant to
the problem. Furthermore, in our two cases, the teams used tools to support this
step, like developing SERP-taxonomy [15] and ranking the topics according to the
participant’s interests.

6.3 Search and select papers
One of the critical aspects of our proposal for IRRs is to be in continuous contact
with the practitioners. During the search and selection of papers, the practition-
ers’ feedback is key to ensuring that the papers are relevant to the practitioners’
context. The practitioners can be involved in refining inclusion/exclusion criteria
by providing them with preliminary results as in Case-SoftSelection or by sharing
papers to read and react to as in Case-MLTest. In the cases studied in this paper,
we saw how defining small concrete outcomes was beneficial to promoting dis-
cussions about the findings. Instead of a single big outcome after a search and
selection performed only for the researchers, the researcher had several meetings
that promoted discussions about the findings. Similarly, we noticed the value of
sharing and getting feedback on preliminary results in terms of example papers.
In this case, the discussions between the researchers and practitioners contributed
to refining the inclusion/exclusion criteria and identifying research gaps. Thus, the
recommendations are to get feedback on the preliminary results and to define
small concrete outcomes to ensure that the papers are relevant to the practitioners’
context and keep the interaction on.

Researchers need to be prepared to handle results that could be considered,
in principle, negative or incomplete. In Case-SoftSelection, when sharing the
research papers with the practitioner, the practitioner felt that the papers were old
and did not represent how the company worked. To address this, instead of sharing
the papers directly with the practitioner, the researcher analyzed and summarized
the results in other formats that the practitioner recognized as valuable. In Case-
MLTest, among the papers the researchers found, none of them seem to apply to
the practitioner’s context. The reason for this lack of results was that the topic
was recent both in research and academia. Therefore there were no techniques to
apply directly to the practitioner’s context, i.e., computer vision. However, some
papers brought ideas and insights that could be useful for the practitioner’s context.
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Additionally, a very positive result of this Case-MLTest is that the researchers
and practitioners formulated a master thesis directly on the topic, a Ph.D. project
related, and plan to keep doing joint work around the specific topic. Thus, the
results were not negative, but the researchers need to be prepared to handle similar
situations and find ways to communicate results in a way that is useful and relevant
to the practitioners.

6.4 Extract and synthesize data

Once the review team has selected a set of papers, the next step is to extract the
information from the papers and synthesize it. As the review is supposed to be
conducted in a short time, the guidelines suggest thematic analysis as a suitable
method for this step. Thematic analysis may help to overcome terminology and
context gaps. We have seen in Case-SoftSelection that the researchers adapted the
extraction and synthesis to their expectations and available literature i.e., building
a model for software component selection. On the other hand, in Case-MLTest,
synthesis was unnecessary since the practitioners were interested in finding spe-
cific papers that matched their problem. Then, the synthesis was not their top need
but papers they could implement in their context. Thus, the review team needs to
adapt analysis to expectations and available literature to ensure that the results
of the IRR are relevant and useful to the practitioners.

6.5 Disseminate results

The overall message when disseminating results is to be aware of different ter-
minologies and contexts. It is also important to care about sharing valuable re-
sults for the practitioners’ context. Note that the guidelines include one specific
step named dissemination, although researchers often disseminate results to prac-
titioners throughout the IRR process, e.g., when sharing preliminary results. In
Case-SoftSelection, some terms only used inside the company were unfamiliar to
the researchers. While in Case-MLTest, the topic of testing machine learning was
relatively recent in industry and academia and lacked standard terminology. To
disseminate results under these scenarios, the review team needs to be aware of
different terminologies and use language that is understandable and relevant to
both parties.

Another aspect to highlight is the need to translate results. By this, we mean to
make the results understandable in connection with the practitioners’ context. For
example, in Case-SoftSelection, the key information was extracted, shared in joint
work sessions, and summarized in presentations. The translation of the results is
essential to ensure that the results are valuable and useful to the practitioners.
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6.6 IRR management

The following recommendations are based on what we observed worked well in
Case-SoftSelection and Case-MLTest related to the IRR process and working to-
gether. First, regarding the steps and activities, it is essential to remember that
the guidelines suggest a flexible approach that can be adapted to the needs
of each IRR. Therefore, as we saw in Case-SoftSelection and Case-MLTest, the
review team can adapt to keep a flexible approach and adapt the steps to the needs
of the IRR. Second, the questions that best fit the IRRs are narrow, specific, and
related to current problems faced by the practitioners. Selecting narrow questions
relevant to both parties is essential to keep the IRRs focused, rapid, and in-
teractive. Third, we observed the advantages of having a shared repository and
keeping track of the decisions made while conducting the review. The shared
repository facilitated communication within the review team, and the memories
supported the researchers when sharing the results and writing the academic pa-
pers. Fourth, researchers and practitioners should take the opportunity to learn to
work together. This requires mutual understanding and respect and may not hap-
pen immediately. Finally, the researchers and practitioners in Case-SoftSelection
and Case-MLTest recognized the importance of meeting, talking, and developing
joint working sessions to foster knowledge exchange.

7 Discussion

This section discusses the study’s results and the implications of the findings for fu-
ture research and practice. The discussion is organized as follows. First, we discuss
the study’s results, specifically regarding the benefits and challenges of IRRs(7.1).
Second, we discuss the implications of the findings for future research and prac-
tice(7.2). Third, we discuss the IRRs proposal in terms of interaction, rigor, rel-
evance, and flexibility, which are the key aspects of the IRRs(7.3). Finally, we
discuss the study’s limitations and the threats to validity(7.4).

7.1 Benefits and challenges of IRRs

We found that the IRRs provided benefits individually for researchers and prac-
titioners. Additionally, it contributed to building a relationship between them. On
the individual level, researchers got chances to learn about the practitioners’ con-
text and problems, besides getting an overview of the field from the practitioners’
perspective. On the other hand, practitioners got chances to take advantage of the
research results and the researchers’ expertise, allowing them to get a broader view
of the research area and develop an awareness of the state of the research.

Building long-term relationships is a key factor for successful collaborations
[34]. In this sense, the IRRs provided opportunities for researchers and practi-
tioners to meet, discuss, and exchange knowledge. These interactions allowed the
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researchers and practitioners to develop a shared understanding of the problem and
the research area (Case-SoftSelection) and to build a shared vision of the problem-
solution match (Case-MLTest).

The main challenge in the IRRs was related to the availability of results, and
some other minor challenges were how to organize the roles and the time and effort
required. The availability of results was challenging in both cases, but with differ-
ent representations. In Case-SoftSelection, the results got the initial impression of
being outdated, and in Case-MLTest, the results were not directly applicable in the
practitioners’ context. In both cases, the researchers and practitioners overcame
the challenge by adapting the search and selection strategies and discussing the
results. The early feedback from the practitioners helped the researchers to adapt
the results to the practitioners’ context and therefore increase the relevance of the
results. Since lack of relevance for practice is a critique of traditional literature re-
views [7], researchers conducting systematic literature reviews could incorporate
similar strategies to overcome this challenge.

Challenges related to the organization and roles could be overcome by clearly
understanding each participant’s roles and responsibilities. The IRRs consumed
little time in our two cases, but the time frame was distributed over a relatively
long period. The IRRs were not part of the main priority among the researchers’
and practitioners’ responsibilities. Besides, the IRRs were not formally attached to
a funded research project or a specific product/service in the industry. This lack of
priority had a double effect. On the one hand, in the IRRs, the participants were
free to follow an exploratory approach; on the other, the IRRs took longer than
expected.

7.2 Implications for research and practice

As we mentioned in the introduction, our study implies a hypothesis that the rel-
evance of literature studies will improve by involving practitioners in the process.
We found that conducting the IRRs provided several occasions for the participants
to meet, talk, and discuss. By focusing on topics directly related to the practition-
ers’ context, we believe that the researcher’s efforts were more aligned with the
practitioners’ needs compared to when the researchers work on their own.

Our proposed approach for IRRs suggests how and when, in the process, re-
searchers and practitioners can interact. By identifying explicit roles and tasks for
practitioners, we expected that IRRs would offer a higher degree of engagement
from practitioners. This approach aligns with previous research in software engi-
neering which emphasizes the importance of industry collaboration and the use of
appropriate research approaches to increase the relevance of research [19] and the
importance of the context in the research process [6].

Based on our findings, we recommend conducting IRRs to test the feasibility of
extended collaboration between researchers and practitioners. Our study suggests
that IRRs can serve as a practical starting point for joint projects, as they provide
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opportunities for both parties to gain a deeper understanding of the problem at
hand and the research area in question. Additionally, conducting an IRR early in
the collaboration process can help determine whether the partnership is viable and
whether both parties are willing to invest the necessary time and effort. For IRRs
to be successful, there should be a practical problem that practitioners are facing
that researchers can help solve. Furthermore, the practitioners should be willing
and interested in participating in the review process.

When starting a research project e.g. a Ph.D. project, a common practice is to
conduct a systematic literature review to get an overview of the state of the art in
the research area. We see in the IRRs a way to complement this practice by involv-
ing practitioners to capture their perspectives and insights. It is important to note
that IRRs should not be viewed as a substitute for systematic literature reviews,
but rather as a complementary approach. As described in the initial proposal [30]
IRRs prioritize knowledge exchange, and context-awareness, over covering the
entire research area.

In future research, we plan to collaborate with researchers and practitioners to
conduct more IRRs and study the impact of IRRs on the research and practition-
ers’ context. Overall, we believe that fostering an exchange between researchers
and practitioners is a promising way to increase the relevance and applicability of
software engineering research.

7.3 Interaction, Rigor, Relevance, and Flexibility

The guidelines for conducting IRRs are rooted in three principles, interaction,
rigor, relevance, and flexibility. The interactions between researchers and prac-
titioners aim to increase the IRRs relevance. The flexibility allows the IRRs to be
adapted to the needs of the participants and the context. Finally, rigor is essential to
ensure the quality of the results. Rigor is the scientific aspect. The IRR should be
systematic. It means that the search is not an ad-hoc search but follows the steps
described in a protocol that aims to cover the literature in the area. We discuss
these aspects in this section.

Interaction

Our proposed approach for IRRs suggests how and when, in the process, resear-
chers and practitioners can interact. By identifying explicit roles and tasks for prac-
titioners, we expected that IRRs will offer a higher degree of engagement from
practitioners.

We achieved a high degree of engagement in these two cases. We found that
conducting the IRRs provided several occasions for the participants to meet, talk,
and discuss the topic in the two cases. How the interaction occurred varied between
the cases, and it may be hard to anticipate how the interaction would happen.
Focusing the IRRs on topics directly related to the practitioners’ context probably
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contributed to the interaction since they were familiar with the topic and were
directly interested in the results.

Beyond promoting interaction, in both cases, researchers and practitioners ex-
changed knowledge. Conducting the reviews was helpful for the researchers to
learn from the practitioner’s particular scenarios and problems. The gain from the
exchange on the practitioners’ side was an overview of the research area and some
research results that could be useful for the practitioner’s context. As seen in both
cases, the knowledge exchange happens as a consequence of working together ori-
ented to the specific problem and with a tailored route.

The interaction allowed knowledge exchange, getting to know each other, and
learning to work together. Being a relatively short process, the IRRs required less
time and effort from the participants compared with other collaborations where the
practitioners have an active role. Then, it makes the IRRs a good opportunity to test
the feasibility of more extended collaboration. We noticed that the researchers and
practitioners in both cases were open to the idea of continuing the collaboration
after the IRRs.

Rigor

Concerning the systematic nature of the IRRs, we found that being systematic was
a concern mainly for the researchers while the practitioners were more concerned
with the relevance of the results. In both cases, the researchers involved had expe-
rience conducting secondary studies and recognized the importance of following
a protocol and keeping track of the steps and decisions. When we asked the prac-
titioners about the importance of being systematic and the risk of not covering
all the relevant papers, they said they were interested in finding relevant or nearly
relevant findings in their context. They also expressed trust in the researchers and
their methods of searching and finding papers. Therefore, details about the search
and selection steps were not a big concern for them. Nevertheless, we still think
the IRRs should be systematic and follow a protocol.

The research community in software engineering values the systematic char-
acter of literature studies, and secondary studies could be criticized if they are not
systematic. Besides, researchers are often interested in the general state of the art
in a research area, and being systematic is a way to address this concern. Overall,
we consider that the systematic aspect of the IRRs may be necessary for conduct-
ing IRRs in other scenarios, which makes the IRRs different from other ad-hoc
literature reviews. This tension between rigor and relevance may be addressed in
future studies.

Relevance

We expected that IRRs would improve the relevance of literature reviews by pro-
viding research results relevant to practitioners’ problems and their context. We
found that practitioners’ involvement in the IRRs helped achieve this to a large
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extent. Formulating research questions that capture practitioners’ interest sets the
study on the right course. Furthermore, practitioners’ involvement provides in-
sights into their problems and context, which helps operational decisions during
the IRR about identifying, selecting, and synthesis of relevant research results.

Flexibility

The IRRs need to be flexible to adapt to the particular needs of each case. We
noticed, for example, that the teams were formed and research questions spec-
ified together in the early stages of the IRR. Similarly, both cases’ search and
selection strategies were updated after presenting intermediate results. However,
in other steps of the IRRs, the steps were conducted in different ways. While in
Case-SoftSelection, the search was traditional, i.e., search engine by keywords, in
Case-MLTest, the set of papers was based on previous secondary studies. More-
over, the analysis followed different approaches in Case-SoftSelection, the analysis
aimed at getting a general understanding of the topic, in Case-MLTest, the anal-
ysis aimed at finding the best problem-solution match. Also, the presentations of
research results differed in the two cases, adapted to the expectations of the practi-
tioners. In Case-SoftSelection syntheses of research, contributions were presented.
In Case-MLTest, contributions were presented per article, preliminary in terms of
full research articles, and finally, as visual abstracts of the research contributions.
In summary, in these two experiences, the IRR teams followed a flexible approach
and balanced between following the guidelines and the need to adapt to the partic-
ularities of each case.

7.4 Limitations of this study

In this study, we are observing and reflecting on the application of IRRs in two
cases of industry-academia collaboration. Conclusions are drawn based on inter-
views, observations, and the experiences of two researchers (also co-authors of this
paper) as part of the review teams. We present no quantitative results and do not
propose any causal models. Therefore, to reason about the validity of our conclu-
sions, we apply the framework by Maxwell [27] comprising descriptive validity,
interpretive validity, theoretical validity, generalizability, and evaluative validity.

Descriptive validity refers to the factual accuracy of the collected data. To
achieve as accurate and complete data from interviews as possible, all researchers
were involved in designing the interview protocol, two researchers conducted each
interview, and interviews were recorded and automatically transcribed. In addition
to data from interviews, observations were made by the first author in the initiation
of the studies as well as by the second and third authors as participants in the stud-
ies. These observations may be biased by our different roles and pre-understanding
of the IRRs guidelines.
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Interpretive validity refers to the researcher’s interpretation of the situation. In
our case, it regards the interview situations. Not every nuance is captured in the in-
terviews. To avoid misinterpretations, we let the interviewees read this manuscript.
Regarding participatory observation, this threat is mitigated by the actual involve-
ment in the cases.

Theoretical validity relates to interpretation or theorizing at a higher abstrac-
tion level. Our theoretical conclusions evolved through thematic coding, analysis,
and writing this manuscript. All five authors were involved in both these activities,
ensuring agreement among the researchers. To help the reader assess the theoreti-
cal validity, all steps of coding and interpretation have been transparently reported
in this manuscript.

Generalizeablility A threat to our conclusions’ general validity is that we had
IRR experts (or at least access to them) in both cases. This means that we still do
not know how feasible it is to implement the approach guided by the protocols
alone. However, we provide examples to follow by describing how the IRRs were
conducted in those two cases. Furthermore, the relationships between industry and
academia vary from place to place and between domains. It also depends on in-
dividual relationships between researchers and practitioners. Thus the application
of our findings may require adaptation in other situations. We still contend that
the report’s general conclusions and recommendations can support other industry-
academia collaborations, especially in the initiating stages.

Evaluative validity relates to our underlying values. Our recommendations are
not neutral but based on assumptions about any envisioned stakeholder’s prefer-
ences. Although subjective, these assumptions are non-controversial (e.g., effec-
tive communication is good, producing relevant knowledge is desirable, and meet-
ing the expectations of involved participants is good).

8 Conclusions

This paper reports two independent IRRs performed by academic researchers and
industry practitioners. Conducting the IRRs favored a positive environment for in-
teraction and knowledge exchange. The motivation for conducting an IRR may
vary and affect the interpretation of our findings. In both cases, the participants’
motivation included exploring ways for collaboration between researchers and
practitioners. The teams did not set the detailed research questions upfront. In-
stead, a common general interest in the studied topics was the starting point.

In both cases, starting the IRRs included a lot of interaction, i.e., formulating
research questions, identifying inclusion/exclusion criteria, and agreeing on an ex-
pected outcome. Then, it took a couple of meetings to form the review team. This
step goes hand in hand with deriving research questions. Similarly, it requires sev-
eral exchanges to align the academic and industrial problem formulation. Although
this is a creative process that can be carried out in different ways, both cases were
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helped by following predefined protocols. Such protocols facilitated collaborative
work by including clear goals, steps, and responsibilities.

Furthermore, we found that practitioners trust the researchers to navigate the
research results and find relevant articles. In our two cases, they did not see a need
to take part in developing the details of the search and selection protocol directly.
Instead, they were interested in commenting on the output of the procedure i.e.,
papers and theory, which in turn was helpful in protocol development. Depending
on the communication gap, several such iterations were needed.

How to prioritize analysis effort was guided by the needs of the practitioners
rather than scientific standards. Timeliness, relevance and applicability of output
were more important than finding the best evidence or covering all the related
literature.

Results may have value even if not disseminated beyond the review team. In
our two cases, spontaneous knowledge sharing within the company took place
in one case and plans for future studies emerged in both reviews. However, both
reviews were reported as scientific publications after concluding.

This study presents two successful cases of using IRRs to support researchers-
practitioners communication. The recommendations presented in this paper are
based on the experiences of these two cases. The recommendations complement
the steps for performing IRRs.
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