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Abstract: Current knowledge of risk management (RM) is mainly limited to single organizations. This
paper investigates RM practices from a stakeholders’ perspective applicable to university–industry
R&D collaboration (UIC) programs, a particular form of inter-organizational relationship. With a
view to reducing the negative impact of risk associated with such UICs, and, as a result, increasing
the success rate of the related programs and projects, an RM methodology has been developed
from the perspective of the main stakeholders. The results reported here are based on a large-scale
UIC between the Bosch Car Multimedia in Portugal and the University of Minho. Three research
methods were applied in a complementary way: participant observation over seven years, analysis
of various documents supporting the management of the programs and projects, and focus group
involving seven key participants from different roles. The proposed RM methodology takes into
account the three main stakeholders and their respective RM roles—Program Manager, Program and
Project Management Officer, and Project Manager—and helps to manage the risks incurred by a UIC
program while, at the same time, emphasizing the importance of taking the stakeholders’ perspective.
In inter-organizational contexts, particularly in the case of university and industry, where there is a
cultural gap between members, misunderstandings may occur about the role each key stakeholder
should play. This paper provides a comprehensive guideline for the application of the methodology
by means of a proposed set of specific RM practices. However, the research was conducted using a
single case study, therefore limiting the results’ potential for generalization.

Keywords: risk management; stakeholder management; inter-organizational programs;
university–industry collaborations

1. Introduction

Modern businesses require corporate leaders to be capable of managing with tighter
deadlines, smaller budgets, limited resources, and rapid technological change [1]. Given the
challenges of globalization and its innovative nature, programs and projects are currently
under considerable pressure [2]. In this context, environmental changes can introduce new
risks at any level, and organizations must forearm themselves with knowledge compre-
hensive enough to be able to deal promptly with the risks introduced by this unstable
environment [3]. Thus, the academic discipline of risk management (RM) emerges, minimiz-
ing the probability and eventual impact of such threats and seizing any opportunities that
might arise during the lifecycle of the program or project [4]. Organizations should choose
to assume the risk of the projects within a program in a controlled and intentional way to
create value, balancing the risk associated with the existence of projects with the eventual
rewards that will arise from those projects. The objective is to respond to the stakeholders’
expectations, even if it is necessary to take certain risks to be able to achieve success [1].

In an environment of globalization, fierce competition, and rising research and de-
velopment (R&D) costs, a collaboration between organizations has become an essential
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means by which to sustain technological growth and improve innovation [4]. Within this
dynamic, universities and industry emerge as partners, and, as such, increase the number
of university–industry R&D collaborations (UICs), a particular form of inter-organizational
relationship that involves multiple stakeholders who bring together very different cul-
tures and risks [5].

A UIC program is defined here as a temporary organization in a collaborative work
environment dealing with a set of projects that are related to specific objective(s), which
have heterogeneous partners with collective responsibilities, and, in most cases, have
public funding support. UICs are commonly associated with high levels of uncertainty
and risk, significant pressure in terms of creativity and innovativeness, the involvement of
individually oriented collaborators, and scenarios where project members are often resident
in different locations [6,7].

Collaborations between different organizations, even of similar types, are difficult
to manage; additionally, the cultural gap between universities and industries increases
yet more complexity to their collaboration management [8]. According to the literature,
an example of such complexity might involve conflicts over intellectual property, and
freedom of expression in publications, as well as differences in priorities, time horizons,
and areas of interest/research focus [4]. Thus, research has been forced to identify critical
success factors of these types of projects and programs [9]. UICs have revealed several
critical success factors that are essentially generic, such as RM [9]. According to Pinto
and Pinto [10], the identification and analysis of, and search for solutions to the risks
involved in a project, should be carried out on a continuous basis to support the key
decision-making of the project.

Stakeholders take on an important role in the analysis of the expectations of each
project and in the program and its impact on the organization [11]. They can develop ap-
propriate management strategies to achieve success. For example, stakeholder satisfaction
should certainly be identified and managed as an objective of the project and program [12].
The key to effective stakeholder engagement is a focus on continuous communication
between all participants, including team members, to be able to understand their needs
and expectations, address any issues, and manage interests and conflicts [1].

This paper contributes to a gap within the existing research literature on the phe-
nomenon of inter-organizational RM involving UICs. One of the greatest challenges of
UIC programs and projects is to understand the main risks that can exist in these types
of collaborations [13]. In the context of RM, stakeholders can follow specific guidelines
for reducing the risk associated with UICs, consequently increasing their success rates.
Therefore, the main objective of this research is to identify the key RM practices that may
be adopted in major UIC programs where several projects are involved, by adopting a
stakeholder’s perspective; and led to the adoption of the following research question: How
can key RM practices be deployed to effectively manage large UIC programs?

To address this research question, the researchers explored a large-scale UIC case
study of Bosch Car Multimedia in Portugal and the University of Minho. This case study
enabled the discovery of crucial insights into micro-level RM practices and gives guid-
ance on how key stakeholders can manage the risks involved in a single significant inter-
organizational endeavor.

The following section presents the relevant literature for this research. Thereupon the
applied research methodology is presented, followed by the research findings on the key
RM practices performed by different key stakeholders in a UIC context. The discussion
section follows, and, finally, the last section presents the research conclusions, including
relevant limitations and recommendations for further work.

2. Literature Review
2.1. University–Industry R&D Collaborations

University–industry R&D collaborations (UICs) is one of the eight different paths in
which universities and industries cooperate. Others include (1) mobility of academics;
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(2) mobility of students; (3) commercialization of R&D results; (4) curriculum development
and delivery; (5) lifelong learning; (6) entrepreneurship; and (7) governance.

The current business climate has evidenced an increasing prevalence of UICs, whose
collaborations have gained increasing recognition by contributing to the future success
of organizations and national economies through the development of technology and
improving the efficiency of innovation [4,14].

UICs are based on trusting and committed interactive relationships between partners
with the aim of creating mutual value over time by enabling the dissemination of creativity,
ideas, and skills, thus promoting a bilateral exchange of knowledge [15]. The main objective
of this type of collaboration is the centralization of human resources, especially those in
industries where the potential for improvement and innovation is great, and which can lead
to the diagnosis of the problem situation and the proposal of new and efficient solutions
supported by technical–scientific approaches [7]. The production of new results under
one or more predefined research objectives, within various constraints (time, cost, and
resources), generally results in a set of benefits for interested parties [2]. Therefore, these
partnerships are crucial for industries to be able to increase their investment in R&D through
public funding in order to perform better innovation initiatives at lower costs and with
shared risks, thus increasing resource capacities and skills and overcoming competition in
the global market [6].

The ambition of governments and universities to develop new projects, beyond the
two traditional strands of research and education, has increased the relevance of this
type of collaboration, namely for the ‘commercialization’ of academic knowledge [16].
Collaborations with industry have become an integral part of university funding; R&D
in the higher education sector currently represents a “significant source” of funding by
international organizations and companies in many countries [17]. It is therefore crucial to
ensure the successful management of UICs so that both partners and society benefit from
the inherent advantages of such partnerships [8]. The increasingly active management of
such interactions between universities and industry has led to more formal contractual
arrangements based on codified norms and standards [15].

There are several reasons why companies might want to collaborate in research with
universities. Perkmann et al. [18] identified four main reasons: (1) most public R&D funding
programs require the involvement of universities; (2) companies need to have access to
research and critical skills to be able to reach the frontier of technology and take it forward;
(3) companies seek to prove their problem-solving skills, with academic researchers being
hired to solve problems; and (4) these UICs result in a number of secondary benefits,
such as the hiring of more talented employees and increasing the reputation and visibility
of the companies involved.

From the perspective of the other side of the partnership, Lee [19] identified several
reasons why universities collaborate with industry: (1) to supplement funding for their
own academic research; (2) to test the practical application of their own research and
theorizing; (3) to enhance knowledge in their specific field of research; (4) to promote the
mission and scope of the university; (5) to search for business opportunities; (6) to gain
knowledge of practical problems that might be of use to higher education; (7) to open the
way for curricular and professional internships and opportunities for further professional
placement; and (8) to create advantages in ensuring funding for assistants to do research
and acquire laboratory equipment.

Despite the multiple opportunities and benefits inherent in such collaborations [2],
there are barriers and challenges to such interaction which must be overcome, even in
universities and industries with proven experience in such partnerships [20]. Collabora-
tions between different organizations are complex to manage, namely due to the cultural
differences which exist between them [21]. Table 1 presents a comparative overview of
organizational cultures in universities and industries.
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Table 1. Comparison of organizational culture between universities and industries, adapted from
Ivascu et al. [22].

University Common Orientation Industry

Public mission Creating value for society Creating value for stakeholders
Publications Reputation Revenues

Theoretical research Research Practical research
Focus on theory Focus on science Focus on results
Shared resources Competitiveness Private resources
Sharing of results Value Retaining of results

Knowledge creation Knowledge sharing Capturing knowledge
Open access Collaborative innovation Private access

Research need Societal need Market need
Education Exchange of knowledge Retaining knowledge

With the increasing occurrence of R&D projects and programs in the context of
university–industry collaborations, there follow associated reports of failure. Hence, con-
siderable research has been carried out to identify critical management success factors [9].
Some of these key success factors have been identified which facilitate collaborative R&D
programs and projects, where risk analysis, management, and control are emphasized [10].
Furthermore, recent studies have identified that involving and engaging stakeholders, and
managing their expectations, have become key factors in reducing the risk of ineffective
collaborations [15,23,24]. Therefore, most problems associated with these UIC programs
and projects can be mitigated through appropriate RM from a stakeholder perspective.

2.2. Risk Management

The Project Management Institute (PMI) [1] defines risk as “an uncertain event or
condition that, if it occurs, has a positive or a negative effect on one or more project
objectives”. All projects are risky, since they are unique undertakings with several degrees
of complexity, aiming at providing benefits [1]. They are executed under restrictions and
assumptions, while simultaneously seeking to meet diverse potentially conflicting and
changeable stakeholder expectations [11,12]. Therefore, organizations should be able to
deliver value by choosing to take on project risk, considering the balance between risk and
reward, in a manageable and deliberative way [1].

The definition of risk involves both uncertain events that may negatively (threats) and
positively (opportunities) affect the project. Therefore, RM comprises a set of processes,
techniques, and tools that aim to identify, analyze, and respond to the risks of a project,
thus focusing on developing strategies that mitigate negative impacts and increase positive
impacts on the program and project objectives [1,25]. It addresses risks according to
the project’s exposure, adding activities and resources to the budget and adapting the
project schedule [1].

Over recent decades, RM has developed quickly enough to become an established
knowledge area within the project management discipline [3]. RM is a continuous process,
directly dependent on changes in the interior and exterior environment, demanding contin-
uous attention for the identification and monitoring of project risks [26]. When unmanaged,
risks can potentially cause the project and program to deviate from the overarching vision
and fail to attain its objectives. Consequently, the efficiency of RM is clearly related to the
success of the project and program [27].

The relevance of RM has led to its being incorporated in project management standards
and frameworks such as PMBOK, PRINCE2, a principles-based sustainable project manage-
ment methodology (PRiSM), and ISO 21500 [28]. From a general perspective, project RM
practices are essential, as they can offer a systematic process for identifying and managing
risk to achieve project aims by improving project monitoring and communication between
project participants, facilitating the decision-making process and prioritizing required ac-
tions, resulting, ultimately, in increasing the project’s chances of success [26,29]. To this end,
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each project management framework or standard defines a series of steps or processes re-
quired for adequate project RM. Indeed, the PMI [25] defines seven chronological processes
for RM: plan RM, identify risks, perform a qualitative risk analysis, perform a quantitative
risk analysis, plan risk responses, implement risk responses, and monitor risks. By the
same token, but with a specific focus on software development projects, RM processes for
identifying risk, analyzing risk, risk planning, eliminating risk, and revising and reviewing
risk were identified [28].

As for the most appropriate RM approach to be adopted, the literature emphasizes that
RM processes and practices must be adapted to the needs and management capabilities of
each organization. Thus, project RM support structures have been developed for different
types of projects in different contexts. For instance, Lima et al. [30] offer practical advice on
project RM in small and medium enterprises. Afshari and Gandomani [28] and Rodríguez
and Ortiz [31], respectively, propose RM approaches for software development projects
and international development projects.

The above examples illustrate that a support structure that recognizes the specific
project and organizational context needs to be defined in order to address the question
of the most appropriate RM methodology. A clear RM support structure allows the main
stakeholders to be able to understand their role within the adopted RM methodology, with
communication as the basis for any successful RM methodology [30]. In addition to this,
although the specific factors for the success of RM processes are manifold, some are directly
concerned with project stakeholders [25,32]:

• recognition of the value of RM by all project stakeholders;
• individual responsibility and commitment of stakeholders to undertake risk-related activities;
• open and honest communication, with all stakeholders involved in the RM process;
• organizational commitment through alignment of the organization’s objectives and values;
• RM planning appropriate to the project and its potential value to stakeholders.

Stakeholder management plays an important role in achieving the success of UIC pro-
grams and projects [11]. In UIC programs, the presence of a high level of uncertainty due
to the significant focus on fuzzy aspects of creativity and innovativeness inherent to these
programs carries similarly high levels of risk which can cause failures [29]. Nevertheless,
it is possible to identify several potential negative risks, such as inadequate stakeholder
involvement; disruptions to information flow and communication between stakeholders;
strategic misalignment; lack of project sponsorship; and conflict in the attribution of the
authorship of intellectual property, as well as positive risks, such as the creation of new
unexpected technologies (serendipity), and increase the prestige of the partners [14,33].
Similarly, and unless properly addressed, challenges arising from inter-organizational
projects may cause difficulties in project execution. For instance, “one party feeling that
they have a key role in the project can create tension between the parties involved, leading
to unfavorable inter-organizational relationships” [34]. Therefore, a clear definition of stake-
holder participation in the RM processes would help minimize any possible unfavorable
inter-organizational relationships.

2.3. Stakeholder Management

The stakeholder concept has attracted enormous interest from organizations over the
past 40 years. In the 1980s, [35] a stakeholder was defined as any group or individual that
can affect or be affected by the achievement of the organization’s objectives, whereas in the
21st century, Savage et al. [36] defined stakeholders as groups or individuals who have an
interest in the actions of an organization and have the ability to influence it [37]. Indeed,
there are numerous definitions of this concept, but, within the context of project manage-
ment, the PMI [1] suggests that a stakeholder is an individual, group, or organization that
is actively involved in a project or whose interests may affect or be affected positively or
negatively by the result of the project’s execution or successful completion.

Every program or project has stakeholders who are impacted by or may generate
either beneficial or detrimental impacts on the program or project in question. Some
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stakeholders have a limited ability to affect the project work or its revenue; others can have a
significant impact on the project and its expected returns. Stakeholder satisfaction should be
identified and managed as a project aim [12]. The key to effective stakeholder involvement
is focusing on ongoing communication with all stakeholders, understanding their needs and
expectations, addressing issues as they occur, managing conflicting interests, and promoting
appropriate stakeholder involvement in project decision-making and activities [1].

In UIC programs and projects, the interests of stakeholders are affected and influenced
in various ways [11]. It is certainly necessary to understand the stakeholders themselves
and analyze their interests in order to help in the management of UIC programs and
projects [38]. The successful management of stakeholders and their relationships within
each organization can lead to a significant improvement in performance and a competitive
advantage for the organization [39].

A straightforward project usually involves a large number of stakeholders. UIC
programs, however, and by definition, require the involvement of an even larger number
of stakeholders. Therefore, in large-scale programs, it is essential to have guidelines for
the optimum performance of stakeholders’ roles [1], as there is always a need for balance
between having the full picture of stakeholders and becoming overwhelmed by an excess
of data [40]. When specifically considering RM, certain guidelines on RM practice for each
key stakeholder are essential to achieving the success of projects and programs [41].

Consequently, the RM methodology developed and presented in this paper assumes
the stakeholders’ perspective and identifies the main RM practices for the three main
stakeholders involved in the RM process: the Program Manager, the Project Manager, and
the Program and Project Management Officer. These three key roles are common in single
organizations, but the role of the Program and Project Management Officer assumes an
even more significant role in inter-organizational programs and projects [42].

3. Research Methodology

This research has sought to deepen the understanding of how RM practices can be de-
ployed to successfully achieve UIC programs. Thus, a UIC program is here understood to be
an inter-organizational system, and, consequently, RM is framed in this inter-organizational
system. Organizational studies have mainly been framed in line with a classic function-
alistic approach [43], indeed there are numerous quantitative risk analysis approaches to
projects [44]. However, several limitations and inadequacies have been identified in both
organizational studies and project studies [8,45].

How organizations effectively manage the risk of inter-organizational programs is
not an objective reality, and, epistemologically, the interaction with the participants to
investigate the problem is particularly important. Ontologically, the reality behind the
research problem is seen as subjective, which led researchers to a social constructionism
approach and its related theoretical orientation known as constructivism is that realities are
constructed rather than discovered [46].

Constructionism had important implications for how we designed the research study
on inter-organizational RM practices in the context of UIC programs. Firstly, we need
approaches that elucidate the socially and culturally incorporated nature of RM in an inter-
organizational context, and that facilitate a greater understanding of the relationship be-
tween individuals and social context. Secondly, given the notion of constructed/contested
versions of reality discussed, the case study needed research methods that bring contra-
dictions and struggles over meaning and surface. Therefore, it utilized the combination of
three research methods: participant observation, document analysis, and focus group.

3.1. Case Study Background

This piece of exploratory empirical research uses, as a case study, the strategic partner-
ship established between Bosch Car Multimedia in Portugal (Bosch) and the University
of Minho (UMinho), which was established in 2012 to develop and produce advanced
multimedia solutions for cars. Approximately ten years into the partnership, the strate-
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gic collaboration established between Bosch and UMinho encompasses three investment
phases (R&D programs). With the sponsorship of the Portuguese Government and through
competitive public funds, the average funding rate is 50% Bosch and 75% UMinho. At the
technological level, the problems and challenges which arise ensure the development of
technologies and methodologies whose technological maturity rates are between four and
seven on the Technological Readiness Levels scale.

UMinho is a young higher education institution, ranked in 2019, by the Times Higher
Education, in the top 150 universities of the world. It has high levels of collaboration with
industry; about 250 R&D agreements with industrial partners are contracted annually.

Bosch in Portugal has, over the years, become one of the biggest automotive suppliers
in the country. Bosch in Portugal allocates around 12% of its turnover to R&D.

The case study involved the analysis of three consecutive phases of investment, as
summarized in Table 2. The first phase was named the HMIEXCEL program, the second
phase Innovative Car HMI program, and the third phase Crossmapping the Future.

Table 2. Three investment phases (programs) in the Bosch and UMinho partnership.

Programs Innovation
HMIEXCEL

Innovative CAR
HMI

Crossmapping the
Future

Duration 2013–2015 2015–2018 2018–2021
Investment 19 Million € 54 Million € 97 Million €

Projects 14 30 57
Staff assigned to the program 205 288 516

The Bosch–UMinho partnership recognizes the value of project management in sup-
porting the successful running of the collaboration [47]. To this end, the two parties
established a Governance Model based on a specifically developed management approach
called the Program and Project Management (PgPM) approach [48], which was especially
dedicated to Program and Project Management by R&D contracts in university–industry
collaboration. Figure 1 illustrates the approach’s program management and project man-
agement lifecycles.
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3.2. Data Collection and Analysis

This research aimed to use existing knowledge as its basis and then learn from the
experience of the program and project stakeholders [49]. The research methods applied dur-
ing the case study were participant observation, document analysis, and focus group [50].
Using participant observation and document analysis, the context was studied in detail
by means of various documents supporting the management of the programs and their
projects. The most relevant documents analyzed included the governance model, which
established the program and project risk management processes, as well as several doc-
uments that supported the RM of the program and its constituent projects (e.g., project
charters, technical and financial program progress reports, program risk register, project
risk registers, and the program and project lessons learned register). The analysis of
several documents was crucial to better understanding the case study context and the
current RM practices.
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Observation also played a crucial role in the context of this research by driving the
insider researcher or fieldworker to have closer contact with the object of study in its natural
environment, helping the researcher to grasp the organizational context [51]. Observation
provided the insider researcher with experiential and observational access to the actualities
of the world of meaning [52]. Observations were made, over seven years, of daily work
routines, workshops, meetings at every organizational level, and celebrations, as well as
informal gatherings during the daily RM activities of the program members. Particularly,
the progress meetings allowed participants to identify and document the expected project
risks and how RM was conducted. Several written sets of field notes were prepared during
the participatory observations, where each set of notes comprised numerous informal
interactions with the staff, as well as related reflections thereupon. Among other things,
these observations included more than 600 meetings. Listening to and questioning collabo-
rative program participants and their conversations provided information about everyday
organizational life and the emerging RM practices of this major collaboration. Therefore,
through participant observation, it was possible to realize and perceive the UIC context
and identify the potentially essential RM practices.

Observation is often criticized for its potential lack of reliability [49]; however, coupled
with other qualitative methods, it is an important holistic research method, which enables
researchers to gain a better understanding of the insider’s perspective [53].

A focus group was composed of seven members from different roles (Program Man-
ager, Project Manager, and Program and Project Management Officer), in order to provide a
systematic collection of different people’s experiences, interpretations, and feelings within
their naturalistic settings. The main objective of this focus group was to discuss the main
RM practices of these key stakeholders and to consider a specific RM methodology de-
veloped for R&D programs and projects in the UIC context. Therefore, they collectively
provided their opinion on the RM activities during the program management lifecycle.

The preparation of the focus group sessions involved deciding on some questions in
advance, such as ‘what are the main challenges of managing risks in UIC programs?’, to
begin and guide the discussion, as well as to prepare the researcher to be ready to provide
feedback on what was said [54]. During the sessions, the focus group moderator (insider re-
searcher) used auxiliary materials, such as the RM framework conceptualization (Figure 2),
as well as explanatory notes on the Program and Project Management approach [48].
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The conduction of this research placed a very high emphasis on ethics. Therefore,
the confidentiality and anonymity of all participants in the research were assured. All
participants in the focus group had their consent sought prior to the commencement of
their participation. All participants in the focus group were also informed that they could
withdraw from the focus group at any point in time, without giving a reason and without
implications for them. In addition, participants were informed, in advance and by email,
about the purpose of the study and had the opportunity to ask questions about it.

The focus group lasted two hours. The transcript of the focus group was not coded.
However, it was scanned by three of the authors and its relevant contents were selected to
support the claims made from the observations and document analysis.

The central premise of this study was to move away from a high-level approach to RM
to identify a systematic set of key RM practices to be performed by the Program Manager,
PgPMO Officer, and Project Manager. However, one major issue of in-depth longitudinal
case studies is the large amount of data collected, which must not result in the adoption
of reductionist approaches, or the inference of conclusions based on slender evidence [49].
Therefore, an interpretive sense-making strategy was adopted to produce meaning from the
case study data [55]. In such a strategy, the data are understood as embedded in the context
of the case and the fieldworker’s claims about the phenomenon can be strengthened by
the support of such data [56]. To analyze the data, a fourth-step approach was designed
and thoroughly followed.

First, the field notes of the insider researcher, resulting from participant observation
and document analysis, were scanned by two other authors, and the results were discussed
among them to develop the RM methodology comprised by six RM processes. Second,
the documents selected were scanned and coded based on the main six RM processes.
Third, as a form of ‘member-checking’ [56], three of the authors discussed preliminary
findings in a focus group to validate them with seven key members of the Bosch and
UMinho collaboration. The ultimate step was finalizing the contributions, which involved
a final interpretive process through multiple readings and iterations between tentative
assertions and raw data, drafting successive versions of the RM methodology, until the
present form was determined.

Finally, it is worthy of mention that the RM methodology adopting a stakeholders’
perspective was developed collaboratively among the seven experts involved in the focus
group; in this respect, it can be said that this research influenced the RM approach adopted
in the UMinho and Bosch R&D collaborations thereafter.

4. Results
4.1. Risk Management in a UIC Context

Using participant observation and document analysis it was possible to understand
how RM was performed in the UMinho and Bosch collaboration and with which actors.

Bosch and UMinho invested in a dedicated Program and Project Management Office
(PgPMO) infrastructure, which included both Bosch and UMinho members. The PgPMO
plays a supportive role [42], whose principal objective is to support both Program Managers
and Project Managers and their teams, throughout the lifecycle of the program and its
projects, especially in their RM practices.

During the ‘Program Initiation’ phase, key project stakeholders are involved in Align-
ment Workshops organized by the Program Manager and supported by the PgPMO team,
which aim to align the project’s objectives with stakeholders’ expectations. During these
Alignment Workshops, the projects’ potential risks are also identified. Then the Program
Charter and the Project Charters are created for each project, streamlining the overall
program’s aims with those of the projects. These Project Charters include all the initial risks
which have been identified during the ‘Program Preparation’ phase and included in the
Funding Application, as well as any risks later identified during the Alignment Workshops.

During the ‘Program Benefits Delivery’ phase, progress meetings are held monthly by
the PgPMO team members and project teams, which result in Project Progress Reports that
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include the most up-to-date information on the project risks. These risks are then integrated
into the Project Risk Register and the Program Risk Register.

During the ‘Program Closure’ phase, every effort is made by the PgPMO team to
identify, document, analyze, store, and retrieve the lessons learned from each project and
from the overall program, giving rise namely to a Risk Breakdown Structure, which can be
updated to support the risk identification of future UIC programs and projects, as well as a
risk database of potential risks in the context of UIC programs.

4.2. An Integrated Program and Project RM Methodology

The consolidated analysis of the study analysis resulted in a new integrated program and
project RM methodology, specifically developed for UIC contexts, as presented in Figure 2.

This RM methodology focuses primarily on the role that should be adopted by stake-
holders during the R&D program and project lifecycles and comprises six RM processes.
The first of these processes encompasses planning how to manage risk in the context of
a particular UIC context. This plan includes a definition for the set of five other key inte-
grated RM processes to be adopted. This set of five RM processes should be conducted
throughout the program and project lifecycles at periods that do not compromise resource
and time limitations, taking into account the existing levels of RM knowledge of the various
stakeholders in the temporary organization.

The Project Management Institute’s Practical RM Standard [25] was used as a theoreti-
cal base for the development of this RM methodology, although it is worth noting that the
processes proposed by this standard are common to most Project Management standards,
including ICB 4 [57] and ISO 31000 [58].

Considering the RM practices observed and potential information available in the
Bosch and UMinho case study, the quantitative risk analysis process suggested by many of
these standards [1,25,57,58] is not proposed here.

The first key RM process that results from the UIC context analysis is the ‘Plan
Integrated Program and Project RM’. This plan defines the several RM practices to be
applied by different program stakeholders throughout the program and project lifecycles,
aiming at enhancing and optimizing the projects and overall program results. In the
Bosch and UMinho case study, the Integrated RM Plan establishes the existence of a Risk
Register—the central tool in the RM methodology, which allows for the registration and
easy consultation of all the identified and collected information on risk, both at the project
and program levels, by means of its identification, qualitative analysis, response plans, and
monitoring and control. In parallel, the Integrated RM Plan also defines the Risk Breakdown
Structure to be used in the Risk Register. Figure 3 shows the Risk Breakdown Structure
adopted at Bosch and UMinho, which can, of course, be used in other similar collaborations.

Sustainability 2023, 15, x FOR PEER REVIEW 11 of 20 
 

 

consultation of all the identified and collected information on risk, both at the project and 

program levels, by means of its identification, qualitative analysis, response plans, and 

monitoring and control. In parallel, the Integrated RM Plan also defines the Risk Break-

down Structure to be used in the Risk Register. Figure 3 shows the Risk Breakdown Struc-

ture adopted at Bosch and UMinho, which can, of course, be used in other similar collab-

orations. 

 

Figure 3. Risk breakdown structure adopted at Bosch and UMinho UIC programs. 

The ‘Identify Risks’ step is a critical RM process in the success of a particular project 

or program. The risk event can be characterized by its causes and its effects on the objec-

tives of the project or program. The possible causes of risks are uncertainties related to the 

project or program, which might cause a positive or negative effect on its objectives. They 

can be identified by assessing the sources of risk, which, in addition to environment, may 

well include restrictions, assumptions, stakeholders, lessons learned, internal processes, 

standards, and regulations. During the RM process, the ‘Identify Risks’ step is also key to 

using the various categories of the Risk Breakdown Structure (Figure 3) as input to assist 

the program management (at the program level) and project management (at the project 

level). 

After identifying the risks, a ‘Conduct Qualitative Risk Analysis’ step must be fol-

lowed, qualifying the probability of occurrence and the impact of each risk. The level of 

risk obtained (probability * impact) is a major factor for risk prioritization. Although not 

entirely linear, the higher the level of risk calculated, the higher the priority of risk re-

sponse planning should be [1].  

Typically, project risk impact is measured in four dimensions: scope, time, cost, and 

quality [1]. To evaluate this impact, the weight to be assigned to each dimension should 

be established by the UIC Steering Committee, since it is this body that is responsible for 

the program’s success and, therefore, for evaluating what is most important in this regard. 

Probability and impact can be qualified according to the parameters shown in Table 3. 

Table 3. Parameters for qualifying the probability and impact of each risk identified. 

Parameter Probability  Impact 

0 (Not applicable in probability) No impact 

0.1 Improbable risk, with very low probability of occurrence Very low-risk impact  

0.3 Risk less probable, with low probability of occurrence Low-risk impact  

0.5 Moderate risk, with moderate probability of occurrence Moderate-risk impact  

0.7 Probable risk, with high probability of occurrence High-risk impact  

0.9 Very probable risk, with very high probability of occurrence Very high-risk impact  

The ‘Plan and Implement Risk Responses’ process uses the information gathered 

when identifying and qualitatively analyzing risks to elicit a risk response action plan and 

then put it into practice. 

Despite no evidence of robust or structured practices oriented towards processing 

risk response in the Bosch and UMinho case study, some of their good practices should 

Figure 3. Risk breakdown structure adopted at Bosch and UMinho UIC programs.

The ‘Identify Risks’ step is a critical RM process in the success of a particular project or
program. The risk event can be characterized by its causes and its effects on the objectives
of the project or program. The possible causes of risks are uncertainties related to the
project or program, which might cause a positive or negative effect on its objectives. They
can be identified by assessing the sources of risk, which, in addition to environment, may
well include restrictions, assumptions, stakeholders, lessons learned, internal processes,
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standards, and regulations. During the RM process, the ‘Identify Risks’ step is also key to
using the various categories of the Risk Breakdown Structure (Figure 3) as input to assist the
program management (at the program level) and project management (at the project level).

After identifying the risks, a ‘Conduct Qualitative Risk Analysis’ step must be followed,
qualifying the probability of occurrence and the impact of each risk. The level of risk
obtained (probability * impact) is a major factor for risk prioritization. Although not
entirely linear, the higher the level of risk calculated, the higher the priority of risk response
planning should be [1].

Typically, project risk impact is measured in four dimensions: scope, time, cost, and
quality [1]. To evaluate this impact, the weight to be assigned to each dimension should
be established by the UIC Steering Committee, since it is this body that is responsible for
the program’s success and, therefore, for evaluating what is most important in this regard.
Probability and impact can be qualified according to the parameters shown in Table 3.

Table 3. Parameters for qualifying the probability and impact of each risk identified.

Parameter Probability Impact

0 (Not applicable in probability) No impact
0.1 Improbable risk, with very low probability of occurrence Very low-risk impact
0.3 Risk less probable, with low probability of occurrence Low-risk impact
0.5 Moderate risk, with moderate probability of occurrence Moderate-risk impact
0.7 Probable risk, with high probability of occurrence High-risk impact
0.9 Very probable risk, with very high probability of occurrence Very high-risk impact

The ‘Plan and Implement Risk Responses’ process uses the information gathered when
identifying and qualitatively analyzing risks to elicit a risk response action plan and then
put it into practice.

Despite no evidence of robust or structured practices oriented towards processing risk
response in the Bosch and UMinho case study, some of their good practices should be
implemented: collecting assumptions associated with the occurrence of the risk, performing
analysis of the causes and effects of the risks in question, developing and executing a sound
communication plan during the response phase, identifying those responsible for handling
and monitoring the risk, defining the type(s) of actions to be taken, and finally, understanding
if there will be other risks associated with the implementation of a risk response action [1].

Risk response strategies for addressing threats and opportunities can be generalized,
as shown in Table 4. When planning for risk responses, the circumstances defining the
type of risk response action, the starting period, and the person responsible for the plan
should be identified. Thus, for the choice of actions to be effectively adopted, the respective
responsible party must adopt a response logic guided by the cost–benefit ratio between
the levels of inherent and residual risk. The purpose of the risk responses is to change the
initial risk level (inherent risk) to a new risk level (residual risk) that favors the achievement
of the program and/or project success. In the Bosch and UMinho case study, a database
of risk response strategies for the most common management risks was created to guide
future programs [14].

Once the strategies for responding to the identified risks have been defined, it is
necessary to continuously ‘Monitor Risks’ and control them, identifying changes in the level
of the risks identified and adjusting the response plans accordingly, as well as identifying
new risks (returning to the beginning of the RM process). During the risk monitoring
process, stakeholders assume a fundamental role in decision making and risk assessment.

Throughout the RM process, a special focus is placed on the team, which is responsible
for identifying new risks, assessing the level of risk, and developing new strategies to
respond to those risks. To achieve the success of programs and projects, throughout the
execution of RM, good communication of the state of the risks and the integration of this
process into all the other management and technical execution processes must be ensured.
To this end, all stakeholders involved in the project and program must be identified to then
be able to ensure that information regarding the RM of a given object is shared and ensure
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that those likely to influence or be influenced by this risk know, as soon as possible and
to a greater extent, the actions required for RM which achieves an adequate and effective
response. Thus the ‘Communicate and Integrate’ process appears as a new management
process in the RM methodology here presented.

Table 4. Risk response strategies.

Threat Actions Opportunities

Accept Don’t take any action before the risk occurs, but may plan subsequent
actions—contingency plan Accept

Mitigate
Change the risk probability, and/or impact, by maximizing

opportunities and minimizing threats, without taking the probability
to 0% in the case of threats and 100% in the case of opportunities

Enhance

Avoid Eliminate risk uncertainty, taking the probability to 0% for threats or
100% for opportunities Explore

Transfer Pass on part or all of the responsibility as well as the impacts
to third parties Share

4.3. Integrating Stakeholders into the RM Methodology

During the Bosch and UMinho case study, a sustained effort was made by the PgPMO
team to draw the attention of the project management teams to identify new risks, reassess
the level of risk, and develop risk response strategies. However, little attention was paid to
these activities by those responsible and other project members, thus indicating limited
recognition of the value of RM practices in the context of this UIC.

However, RM practices must be systematically implemented given that they are
so critical to the success of UICs [4,8]. Emphasis should be placed on the definition of
structured objectives, good monitoring of progress, and effective communication and
integration at the program and project levels, wherein program and project stakeholders
assume an essential role.

From the case study analysis, thorough guidance is given for each of the six key RM
processes presented in Figure 2, from the perspective of the main management stakeholders:
Program Manager, Project Manager, and PgPMO. Figure 4 summarizes these specific RM
practices throughout the program management lifecycle.

During the focus group, it was possible to perceive some of the aforementioned
challenges when discussing the topic of RM. In the Bosch and UMinho case study, the
Program Manager and PgPMO members guarantee the entire RM process. As mentioned
above, besides promoting this topic at the different structural levels (program and project),
they also identify and track risks, discuss risk response plans, and follow up on the whole
RM process.

Although Program Managers and PgPMO members have made efforts to train project
teams in RM, there was some resistance from these elements. In addition, although Project
Managers are actively involved in identifying risks and solving technical risks, their aware-
ness of managing risks was limited. This is common in the UIC context since most Project
Managers are not trained Project Management professionals; they are researchers with
academic careers.

When holding the usual Progress Meetings between stakeholders, risk identification
was not always valued, and sometimes the teams did not address the RM processes in
their meetings due to the lack of time. In this sense, some PgPMO members and Project
Managers decided to hold specific RM Meetings to build the initial Risk Register and
facilitate the entire subsequent process.

In fact, the PgPMO played a very important role in the development of RM processes
and integrated tools to support the Program Manager and the Project teams in RM practices
and in keeping all the risk information up to date. However, there were projects where
these RM meetings did not take place, as there was a certain limitation and resistance on
the part of the project teams to analyze risks; so risk analyses were carried out during the
regular progress meetings.
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Figure 4. RM practices: the Program Manager, PgPMO Officer, and Project Manager’s perspectives.

The emphasis and focus on appropriate RM practices in the Bosch and UMinho
collaboration has contributed to enhancing the probability of success for its projects and
programs and to the sustainability of the partnership. The existence of general progress in
RM practices since the first program is to be noted. This was recognized by all seven focus
group participants. Risks were not previously a common subject for discussion but are
now systematically addressed by the most experienced researchers more directly involved
in the collaboration.

Following on from this focus group and taking the substantial growth of the partner-
ship, time was afforded to share some suggestions regarding the future of the partnership
and the processes of RM in the UIC context.

According to focus group participants, RM training actions or workshops must be held
to train project teams and involve them more deeply in the RM processes. This initiative
has already been explored by the Program Management team in the Bosch and UMinho
partnership, although only one Project RM training session has been carried out so far.

It is also fundamental to reinforce the point that those responsible for Program Man-
agement should play an active role in fostering interest among project teams in this type of
training so that they can discuss the objectives of the project and/or program and relate
them to any risks and problems. This will lead to greater involvement of the project teams
and consequently to a more careful survey of risks.

The Project Manager participants reinforced the fact that close involvement of the
Program Manager in the RM processes would have beneficial effects right from the start
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of the program. During the ‘Program Preparation’ phase, when applying for funding,
the identification of multiple risks helps to justify the innovative, R&D nature of each
project. Thus, the identification of technical and management risks helps prove the level
of innovation inherent in each project, since the more innovative a project is, the more
associated risks it has. Additionally, the identification of risks increases the likelihood of
acceptance of an application for funding for a UIC R&D project.

According to PgPMO participants, the continuous improvement of the partnership
would depend on the more rigorous selection of Project Managers. At present, they
deem Project Managers to be limited in their RM capabilities; indeed this factor is well
notorious during RM practice implementation. Another course of action would be to hold
periodic meetings dedicated exclusively to RM, according to the rhythm of the work of
each project team.

In summary, the focus group participants recognized that, although they have imple-
mented several important RM practices, these could be better structured and improved
upon. When questioned as to what practices they would implement to improve RM, there
were numerous suggestions:

• training and awareness raising of RM among project team members;
• identification and appropriate classification of risks;
• regular meetings focused on RM;
• communication of risk to the whole governance structure;
• training of Project Managers for RM;
• creation of a position of Chief Risk Officer (CRO);
• implementation of a set of internal workshops with experienced speakers in UICs

and RM;
• prioritization of risks through qualitative analysis, response planning, and risk monitoring;
• carrying out simulations to predict different types of scenarios.

Given the size and maturity of the partnership in question, RM practices in UIC
programs and projects need to be improved. Indeed, the development of the methodology
and the suggestions made by the stakeholders that participated in this research confirmed
the importance of RM to the UIC program and project success.

5. Discussion

The proposed program and project RM methodology is an innovative contribution
to the field of UIC, which was grounded in the analysis of a case study based on the
long-established relationship between Bosh and UMinho.

The literature highlights the fact that RM processes and practices must be adapted
to the needs and management capabilities of each organization [28,30]. In this regard,
collaborations between different organizations present certain specific challenges, which
are mainly twofold. On the one hand, in this type of collaboration, the identification of risks
and their qualification and analysis are the main challenges faced [4]. On the other hand,
challenges arise from the cultural gap between university and industry [34] and tension
between stakeholders caused by misunderstandings in the role each key stakeholder should
play [30]. Concerning the first challenge, different structures and processes for RM have
been incorporated into project management standards and frameworks, such as PMBOK,
PRINCE2, sustainable project management methodology (PRiSM), and ISO 21500 [28]. In
addition, in specific RM proposals for software development projects and international
development projects, groups of processes have been established [28,31]. In this regard,
the proposed RM methodology incorporates a number of processes well-known in the
literature, such as risk identification, qualification, response, and monitoring. It gives
a micro-level perspective on RM by identifying the detailed RM practices for each key
stakeholder (Program Manager, PgPMO, and Project Manager), and contextualizes the RM
process to projects and programs in UIC, considering, for instance, the risk associated with
patents as part of the Risk Breakdown Structure.
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In addition to this, and considering the relevance of communication and coordination
between stakeholders in UIC projects and programs, the proposed RM methodology
incorporates ‘Communicate and Integrate’ as an RM process. Thus, in contrast to the RM
planning proposed by the PMI [1,25], the ‘Communicate and Integrate’ step appears as
a new RM process. Additionally, by recognizing the importance of a clear definition of
stakeholder participation in RM processes [34], the proposed methodology offers detailed
guidance on the role of each main stakeholder in RM processes throughout the UIC program
management lifecycle.

As such, RM challenges highlighted in the literature are addressed and taken into
account in the proposed program and project RM methodology. The proposal offers an
RM support structure based on widely recognized RM processes but complements them
with the incorporation of the ‘Communicate and Integrate’ process into the RM cycle and
with the definition of the stakeholders’ roles as part of the RM planning. Consequently, the
proposed RM methodology can be considered as an initial support structure for designing
RM processes in UIC contexts.

6. Conclusions

This research has investigated the key RM practices in the context of large univer-
sity–industry R&D collaboration (UIC) programs to increase the probability of success of
these types of collaborations.

It used the case study as a research strategy and participant observation, document
analysis, and focus groups as research methods [49]. The case study selected was a strate-
gic partnership established between Bosch Car Multimedia in Portugal (Bosch) and the
University of Minho (UMinho).

An RM Methodology was developed for UICs, adopting a stakeholder’s perspective.
Based on the literature review for RM and throughout the case study analysis, an integrated
program and project RM methodology was proposed, which incorporates the perspective
of the main stakeholders, detailing the most cited RM practices to be performed by the main
stakeholders: Program Manager, PgPMO, and Project Manager, throughout the program
lifecycle (See Figure 4).

An important contribution of the RM methodology developed herein is that it details
how to manage the risks inherent to a UIC program where several projects are involved while
emphasizing the importance of a stakeholder’s perspective on inter-organizational RM.

The results of this research also have practical contributions, bringing a clearer vi-
sion of the value of RM through a compilation of RM practices, taking a stakeholder’s
perspective that can be used as a blueprint by practitioners who aim to improve RM in
inter-organizational collaborating contexts.

As with any methodology, the RM methodology developed herein portrays a partial
and incomplete view of reality, which should be used cautiously by academic and industrial
partners. They should modify it and adapt it to their own specific circumstances.

Furthermore, as with any research based on a single case study, this project has
limitations in the generalization of its results. The results are extrapolated from a particular
case and may thus be dependent on its specific context, whereas the reasoning may also be
influenced by random factors.

That said, future studies may well benefit from multiple case studies and cross-
checking conclusions between them to strengthen the RM methodology, thereby increasing
the generalizability of the results. In this regard, the methodology in question is not sup-
posed to be immutable and may certainly be updated when required. What is essential
is that it evolves naturally, as the roles of the stakeholders in question evolve, adapting
to the requirements of the organizations’ new programs and projects and becoming more
effective and efficient over time.

Additionally, it may also be useful to focus the methodology on other stakeholders,
such as project team members. The adoption of RM practices by other stakeholders may
well lead to greater commitment on the part of stakeholders to the field of RM. Moreover,
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R&D collaborations among organizations take many forms, such as collaborations between
only industry members or between only universities and knowledge institutes. These
cases, although similar, still have differences that also deserve research attention. Finally,
a more quantitative approach could also be used in future case studies, for example,
using key performance indicators to measure the impact of adopting RM practices in
inter-organizational R&D contexts.
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