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Abstract
University-industry collaboration (UIC) projects are complex undertakings, that can 
involve multiple parties or stakeholders. Effective management of UICs can mean the dif-
ference between success and failure, in terms of technology transfer and research commer-
cialization. This research paper focuses on the micro-level analysis of UICs and in particu-
lar the project management practices that can help major UICs deliver benefits and broader 
societal impact. PM has been evolving toward more hybrid approaches involving both tra-
ditional and agile practices. A conceptualization of a hybrid approach is presented based 
on a literature review. This conceptualization is then used as a starting point for exploratory 
empirical research. Participant observation, document analysis, and thirty semi-structured 
interviews were conducted in a large UIC case study to help identify PM practices and 
check their relevance. Data analysis led to a framework comprising 29 transversal or must-
have practices distributed throughout the project lifecycle and 30 contingent or optional 
practices, divided into traditional, agile and common. This research extends the existing 
knowledge on UICs by giving a micro-level perspective on managing UIC projects and 
providing evidence of the adoption of hybrid approaches to assure the overall governance 
of significant inter-organizational endeavors. The framework provides a roadmap for future 
major UIC projects.

Keywords University-industry collaborations · Project management practices · Hybrid 
project management · Agile project management · Transversal and contingency practices

1 Introduction

Companies are more open to collaborative innovation and investment in research and 
development (R&D), and this positively influences university-industry collaborations 
(UICs) (Galan-Muros and Davey 2017). Industry recognizes the value of collaborating 
with universities for enhancing their own internal innovation capabilities (Kobarg et  al. 
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2018). R&D collaboration is now regarded as one of the essential ingredients for innova-
tion (Hernández-Trasobares and Murillo-Luna 2020). In recognition of this, the European 
Union has made innovation the central theme of the Horizon 2020 research funding pro-
gram (Spalek 2016). Collaboration between universities and industries is also encouraged 
by governments for enhancing national competitiveness and wealth creation (Barnes et al. 
2002; Hernández-Trasobares and Murillo-Luna 2020). Given the grand challenges of the 
21st Century, UICs are expected to play a key role in developing new products, technolo-
gies, and processes for industry, that create value for customers and broader societal impact 
through employment and economic growth (Faria et al. 2020). The current Covid-19 pan-
demic, for example, has demanded an unprecedented number of UICs, and their success 
has never been more important for society. This increasing prevalence of UICs also means 
potential increases in failure to meet stakeholder expectations (Brooke and Lippe 2015; 
Nsanzumuhire and Groot 2020), often a consequence of lack of partner trust; lack of clarity 
regarding objectives, poorly assigned responsibilities and planning; and lack of flexibility 
and agility within the management structure (Oliver et al. 2020; Rybnicek and Königsgru-
ber 2019).

Research literature concerning UICs has focused on the macro-level of UIC imple-
mentation namely, the key channels of interaction between universities and industry, the 
implementation mechanisms of building trust or boundary spanning, and the barriers and 
challenges faced by partners, the dynamics of triple helix infrastructure, the economic and 
societal impact of UIC activities (Nsanzumuhire and Groot 2020, Skute et al. 2019). An 
inherent criticism made on these studies is that they are too focused on the outputs of UICs 
rather than on the mechanisms or practices deployed during execution (Albats et al. 2018). 
A more micro-level analysis of practices deployed during the lifecycle of the UIC project is 
needed (Albats et al. 2018; Morandi 2013).

Some researchers have emphasized the adoption of project management (PM) practices 
as a critical factor for the success of UICs (Barnes et  al. 2006; Fernandes et  al. 2020a; 
Huang and Chen 2017). Nevertheless, the value of PM is a function of what is implemented 
and how well it fits the organizational context (Cooke-Davies et al., 2009). Through exten-
sive and complex contracts, funded by an external entity, the specific context of UICs has 
several specificities that require attention (Nishimura and Okamuro 2018). There are addi-
tional challenges around the UIC consortium structure (Peterson 1995), that demand effec-
tive guidelines. As argued by Brocke and Lippe (2015, p. 1022), UICs “present specific 
challenges, demanding of adaptations and adjustments to existing project management 
approaches”.

UICs are usually funded and regarded as projects by the funding entities but often are 
organized as programs by partners (Fernandes et al. 2015a). A program is constituted by a 
set of related projects. A program is more than a sum of its projects and aims to achieve a 
planned set of benefits (Pellegrinelli 2011). A collaborative UIC program is here defined 
as a temporary organization with a collaborative work environment, with a set of projects 
related in a specific context, with heterogeneous partners who have collective responsibili-
ties, and, in most cases, with public funding support. UICs are associated with high uncer-
tainty and risk, significant pressure in terms of creativity and innovativeness, individually 
oriented collaborators, and project members often resident in different locations (Brocke 
and Lippe 2015; König et al. 2013).

With the growing tendency of more agile management, three distinct PM approaches 
used in projects are emerging, the traditional, agile and hybrid approaches (Azenha et al. 
2021; Gemino et  al. 2021). Azenha et  al. (2021) argue that hybrid approaches are fun-
damental for developing technology-based products and services and deal with distinct 
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organizational cultures, processes and contractual requirements. Papadakis and Tsironis 
(2020) recently identified the challenges and best practices to implement in-house hybrid 
PM in organizations. However, PM research studies in the micro-level practices in UICs 
are limited (Skute et al. 2019). The key main objective of this research was to find the PM 
practices that may be adopted in major UIC programs involving a high number of projects. 
The research question adopted was: How to deploy key PM practices for effectively manag-
ing major university-industry R&D collaborations?

To address this research question, researchers delved into a large case study between the 
University of Minho (UMinho) and Bosch Car Multimedia (Bosch) in Portugal. This UIC 
involved an investment of 54.7 million Euros, from 2015 to 2018, and over five hundred 
researchers. The case study allowed the discovery of crucial knowledge of micro-level PM 
practices and evidenced the adoption of a hybrid PM approach for assuring the overall gov-
ernance of one significant inter-organizational endeavor.

This paper begins with a review of research literature on managing UIC leading to a 
conceptual ‘initial framework’ of PM practices. This is followed with an explanation of 
the research methodology and the steps taken to collect and analyze primary data through 
a cross-sectional case study. The results of thirty semi-structured interviews, coupled with 
observation and document analysis, lead to presenting a final framework of PM practices 
for managing UIC projects within major programs. The main findings emerging from the 
study are discussed, followed by conclusions, limitations and future work.

2  Literature review

2.1  Managing university‑industry R&D collaborations

Rajalo and Vadi (2017, p. 42) argue that “Knowledge and technology transfer between aca-
demia and industry is expected to spur innovation, as this kind of collaboration combines 
not only heterogeneous partners, but more importantly, heterogeneous knowledge”. UIC 
projects are one of the main channels of university-industry interactions (De Fuentes and 
Dutrénit 2012). UIC projects are a way for firms to obtain expertise that cannot be gener-
ated in-house through knowledge transfer (Becker and Dietz 2004), promoting economic 
progress, innovativeness, and competitiveness fostered by a continuous research engage-
ment (Skute et al. 2019).

There are several critical success factors for why UIC projects succeed. One well-recog-
nized success factor is a high level of trust (Bellini et al. 2019; Hemmert et al. 2014; Per-
tuzé et al. 2010; Plewa et al. 2013), at the level of both individuals and organizations along 
the multiple stages of the collaboration (Oliver et al. 2020). However, how to increase the 
level of trust among participants is complex. Oliver et al. (2020) found that the reputation 
of scientists and their shared values helped build trust at the individuals level, while at the 
organizational level, trust is focused on efficiency and time commitment to the collabora-
tion. Another important success factor argued by Bellini et al. (2019) is the collaborative 
know-how, drawn from previous collaboration relationships. Other success factors include: 
clarity regarding objectives, assigned responsibilities and planning, and flexibility and 
agility within the management structure (Oliver et al. 2020; Rybnicek and Königsgruber 
2019). These critical success factors are all addressed by an effective PM approach (Brocke 
and Lippe 2015).
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There are several differences among the parent organizations within a UIC that arise 
from their diverse intentions, motivations, and responsibilities (Nomakuchi and Taka-
hashi 2015). Collectively, these are coined as a ‘cultural gap’ between universities and 
industries (Barnes et  al. 2006). The cultural factors identified include conflicts over 
intellectual property, academic freedom to publish, differences in priorities, time hori-
zons, and topics of research. Barnes et  al. (2006) suggest that many of the adverse 
effects associated with the ‘cultural gap’ can be attenuated by good PM. However, 
understanding how to manage inter-organizational UIC projects within major programs 
and their particular issues appears limited (Ankrah and AL-Tabbaa 2015; Nsanzu-
muhire and Groot 2020), and there are few reference models that guide the practice 
of PM within UICs. Most UIC literature focuses on macro issues (e.g., key channels 
of interaction, barriers and challenges faced by partners) with only a light focus on 
micro-level management including PM practices.

Chin et  al. (2011) have developed a model of PM best practices among universi-
ties and SME (small and medium-sized enterprise) industrial partners. The PM² Pro-
ject Management Methodology Guide, developed by the European Commission, is a 
lean methodology and promoted as suitable for any type of project (European Com-
mission 2016). Fernandes et al. (2015a) suggested a program and project management 
lifecycle approach in the context of large-scale UIC. Program management provides 
a link between the execution and the specific strategies of the collaborating partners 
and their need to integrate the deliverables and the workflows of multiple interdepend-
ent projects that deliver an integrated product, service or capability (Milosevic et  al. 
2007). Program governance is responsible for spurring creative and proactive syner-
gies between partners and contributing to the final success of the program (Frederiksen 
et  al. 2021). Programs provide UICs with the most potential to realize strategic ben-
efits, find creative solutions and operate effectively (Pellegrinelli 2011). Programs usu-
ally cover a group of related projects that can generate greater benefits than projects 
may do individually (Thiry 2002). Programs achieve this through improved exposure, 
prioritization, more efficient use of resources, and greater alignment with other related 
projects (Pellegrinelli, 2007). Program management thrives where there is ambiguity 
and uncertainty among individual project management (Rijke et al. 2014).

The program manager strives to coordinate efforts between projects and typically 
does not directly control the individual projects (PMI 2017). An inappropriate degree 
of project control by program management is unproductive (Rijke et al. 2014). Exces-
sive control can force too much bureaucracy on project management, resulting in 
distracting resources from achieving what is important – i.e., project objectives (van 
Buuren et al. 2010), and in the diversion of program management resources away from 
their strategic role (Rijke et al. 2014). Yet, limited control may lead to loss of syner-
gies among projects, and therefore reduced quality, cost overruns, delays, and limited 
benefits on the overall UIC program. Nonetheless, program and project management 
have to consider the contextual aspects (Besner and Hobbs 2013; Pellegrinelli et  al. 
2007) and the need for adaptations and adjustments to PM practices. Morandi (2013) 
found that the selection of mechanisms, exploited to coordinate and control collabo-
rative R&D activities, is affected by task uncertainty, equivocality, and the interde-
pendence of partners. UICs need to select and practice an appropriate PM approach 
(Azenha et al. 2021) and introduce and adjust the PM practices that comply with the 
established strategic objectives.
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2.2  Project management approaches and practices

PM approach is here defined as a high-level outline of guiding principles, perspectives, and 
characteristics of how a project is managed and governed (PMI 2017; Špundak 2014). A 
PM approach describes how a project will be manged and governed (Gemino et al. 2021). 
Lappi et al. (2018) argue that a PM approach is related to the internal aspects of project 
governance.

PMI (2017) states that PM approaches can be predictive and adaptive. In a predictive 
approach, usually referred to as traditional, the project scope, time, and cost are determined 
in the life cycle’s early phases. Any changes to the scope need to be carefully managed. 
In  situations where projects have a high degree of volatility, uncertainty, ambiguity and 
complexity, PM approaches need to be able to respond quickly to changes (Serrador and 
Pinto 2015). These changes may sometimes lead to conflicts among collaborators (Bennett 
and Lemoine 2014). In such scenarios, the adaptive approach, usually referred to as ‘agile’, 
can be considered (Böhmer et al. 2015). In agile PM, the scope of the project is defined and 
approved before each iteration. However, the adoption of agile approaches brings its own 
challenges, such as the project manager relinquishing some authority (Nerur et al. 2005). 
Several agile frameworks have been studied and developed such as the Dynamic Systems 
Development Model (Agile Business Consortium 2014), eXtreme Programming (Fer-
nandes and Almeida 2010; Flora and Chande 2014), Scrum (Santos et al. 2016; SCRUM-
study 2016), Crystal (Cockburn 2004) and Kanban (Ahmad et al. 2013; Flora and Chande 
2014). These studies helped to identify the key PM practices that are increasingly dominant 
in the software development industry, but are also increasingly used in other contexts, such 
as in R&D projects. Serrador and Pinto (2015) demonstrated a positive co-relationship 
between agile use and project success. However, other research argues for a combination of 
traditional and agile approaches (Gemino et al. 2021; Špundak 2014). One must value the 
specificities of each approach and, if possible, work with both at the same time.

Cooke-Davies et al. (2009) argue that PM value is created or destroyed depending on 
the extent of fit or misfit between the organization’s strategic drivers and the characteris-
tics of its PM system. They criticize the unconditional use of PM standards and a misfit 
between specific project characteristics and the chosen management approach. Therefore, 
this research is based on the contingency theory (Drazin and Van de Ven 1985; Lawrence 
and Lorsch 1968), used in PM for the last two decades (Sauser et al. 2009). The contin-
gency approach investigates the extent of fit or misfit between project characteristics and 
the PM approach adopted (Sauser et al. 2009). Engwall (2003) emphasizes the importance 
of a contingency approach and argues that projects are open systems dependent on history 
and organizational context. All different project types would benefit from a contingency 
theory perspective. A study developed by Hanisch and Wald (2012) shows that construc-
tion, R&D and IT projects benefit from this approach. R&D UIC projects in particular 
are comprised of highly heterogeneous activities and managerial conditions. Therefore, as 
König et al. (2013) argued, it is challenging to generalize PM practices, advocating instead 
for a contextual PM approach (Brocke and Lippe 2015).

PM practices are the mechanisms by which PM processes are delivered and supported, 
and that, when managed effectively, can lead to project success (Barbosa et al. 2021). This 
includes PM techniques (e.g., work breakdown structure or earned value management), 
various guidelines in which organizational processes are defined, including the use of pro-
cedure documents, checklists, job aids, and templates, as well as the use of software pack-
ages and various databases (Fernandes et al. 2013). Searching for tools and techniques is 
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a tangible way to study PM practices because they represent how managers execute PM 
processes. They are also concrete and specific ways to apply rules and principles that must 
be selected according to the context of the organization where they fit (Besner and Hobbs 
2008). Tools and techniques are closer to the day-to-day practice, closer to the things peo-
ple do and closer to their tacit knowledge (Besner and Hobbs 2006). Therefore, in this 
research study, PM practices are simply seen as those tools and techniques that practition-
ers use to ‘do the job’ and execute a PM process. Several investigations have identified the 
most used and useful PM practices (tools and techniques). Some studies refer to tools and 
techniques in general, for example, Besner and Hobbs (2006) and Fernandes et al. (2013), 
while others refer to specific contexts such as the studies of Tereso et al. (2019) and Besner 
and Hobbs (2008, 2012, 2013).

2.3  Conceptual framework for project management practices in major UICs

Understanding context is essential for identifying the most helpful PM practices for a 
major UIC. As such, a conceptual framework for managing R&D projects within a major 
program grounded on the contingency theory is proposed (see Fig. 1). The framework con-
ceptualization identifies a set of transversal or must-have PM practices used by all projects 
within an overall major program. It also conceptualizes contingent practices that may be 
voluntarily adopted by individual projects within the program.

Transversal PM practices are distributed throughout the PM lifecycle to assure the gov-
ernance of the overall program. Governance is a way to define the structures to develop the 
organization’s objectives, providing means of obtaining those objectives and the standards 
to monitor the progress of the project (Turner and Müller 2017). As argued by Fernandes 
et al. (2015b), the standardization and tailoring of PM tools and techniques are critical ini-
tiatives to improve PM practice in organizations.

Contingent PM practices may or may-not be adopted within individual projects. Adop-
tion depends on the PM approach embraced by the project team i.e., traditional or agile. 
It is also dependent on the knowledge and experience of the project teams involved since 
the value of using PM practices is also reliant on the teams maturity (Shi 2011; Fernandes 
et  al. 2015b). Contingent practices are divided into traditional, agile, and common prac-
tices, which can be used either in traditional or agile approaches. Depending on selection, 
contingent PM practices are then integrated into the PM lifecycle phases of the project.

Each project team needs to understand the differences between traditional and agile 
approaches and analyze the project context in order to better understand which one bet-
ter fits with and serves the individual UIC project (Papadakis and Tsironis 2020). The 

Fig. 1  Conceptual framework for 
PM practices in major UICs
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specificities of each one must be valued and, where necessary, work with both simultane-
ously if each one adds value (Gemino et al. 2021). When applied together, they can coun-
teract the weaknesses of each other. Project teams can introduce and adjust the contingent 
PM practices so that the projects can meet the established objectives and benefits since 
each project within a program is unique and has its own strategy.

The following Tables  1 and 2 identify specific transversal and contingent PM prac-
tices and key literature sources. The main studies used were from Besner and Hobbs 
(2006, 2008, 2012, 2013), Fernandes and Almeida (2010), Fernandes et al. (2013), Flora 
and Chande (2014), Tereso et  al. (2019), among other bibliographic references such as 
 PMBoK® (PMI 2017) and PM² Project Management Methodology Guide (European Com-
mission 2016). The studies were selected, considering the similarity of objectives, robust-
ness, empirical evidence obtained, and diverse organizational contexts.

Table  1 presents the transversal PM practices grouped according to the PM lifecycle 
(Fernandes et  al. 2015a), composed of four phases ‘initiation’, ‘initial planning’, ‘execu-
tion’, (including monitoring/controlling and replanning), and ‘closure’. Twenty four trans-
versal PM practices are identified, with most of them in the top 20 most useful PM prac-
tices presented by one or more studies of Besner and Hobbs (2006), Fernandes et al. (2013) 
and Tereso et al. (2019). Although some practices have slightly different designations than 
those attributed by the referred authors, they can be considered equivalent to those 20 most 
useful practices. Although very useful and common in several contexts, some of the prac-
tices found in the literature were understood as contingent in the UIC program context 
(e.g., ‘work breakdown structure’, ‘Gantt chart’). On the other hand, the in-depth analysis 
of the UIC program context allowed the identification of some more specific PM practices 
(e.g., ‘project idea paper’, ‘new project ideas log’, ‘audits’).

Table 2 presents the selected contingent PM practices divided into traditional, agile, and 
common. Many of the PM practices identified are mentioned by different authors using 
other similar terminologies.

Within the sub-category of contingent – traditional, only three PM practices were iden-
tified: ‘Work breakdown structure (WBS)’, ‘Gantt chart’ and ‘PM software for monitoring 
schedule’. Although Besner and Hobbs (2006) and Fernandes et al. (2013) had identified 
them as among the twenty most essential tools and techniques, in the UIC program context, 
they were identified as contingent for the individual projects. The low level of PM matu-
rity in the particular context of UIC (Chin et al. 2011) and the typology of R&D projects, 
which requires a high level of creativity (Davies 2014; Brocke and Lippe 2015), leads to 
identifying them here as contingent PM practices. It is worth of mentioning, if a project 
team decided to use the ‘WBS’ (more detailed planning), the ‘PM software for monitor-
ing’ is an essential tool for supporting schedule management. In the agile category, fifteen 
practices were identified and fourteen practices in the common category which can be used 
independently of the approach adopted, traditional or agile e.g., ‘project communication 
room’.

3  Research methodology

The research followed a single case study design of a major UIC, aiming to depart from 
existing knowledge and then learn from the experience of the program and project stake-
holders. The UIC program was named IC-HMI. Using the case study approach, research-
ers can focus on a particular phenomenon and discover crucial knowledge (Yin 2018). 
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Table 1  Transversal PM practices

Phase PM Practice Sources

Initiation Project idea paper Besner and Hobbs (2006, 2008); Fernandes et al. 
(2013); PMI (2017)

Project charter Agile Alliance (2018); Besner and Hobbs (2006, 2008, 
2012); European Commission (2016); Fernandes 
et al. (2013); PMI (2017); Tereso et al. (2019)

Kick-off meeting Besner and Hobbs (2006, 2008, 2012); European Com-
mission (2016); Fernandes et al. (2013); PMI (2017)

Stakeholder register Besner and Hobbs (2006, 2008, 2012); European Com-
mission (2016); Fernandes et al. (2013); PMI (2017)

Initial Planning High-level project scope plan Besner and Hobbs (2006, 2008, 2012); European Com-
mission (2016); Fernandes et al. (2013); Morandi 
(2013); PMI (2017)

Project procurement plan PMI (2017)
Project staff plan PMI (2017), Bellini et al. (2019)
Dissemination and communica-

tion plan
Besner and Hobbs (2006, 2008, 2012); European Com-

mission (2016); Fernandes et al. (2013); PMI (2017)
Milestone list Besner and Hobbs (2006, 2008, 2012); Fernandes et al. 

(2013); PMI (2017); Tereso et al. (2019)
Responsibility assignment matrix Besner and Hobbs (2006, 2008, 2012); European Com-

mission (2016); Fernandes et al. (2013); PMI (2017); 
Tereso et al. (2019)

Risk register Besner and Hobbs (2006, 2008, 2012); Fernandes et al. 
(2013); PMI (2017); Tereso et al. (2019)

Execution, Monitor-
ing/Controlling 
and Replanning 

Project issue log

Benefits register
New project ideas log
Quality inspection

Progress report

Progress meetings

Change log

Re-baselining

Audits

Lesson learned register

Fernandes et al. (2013); PMI (2017); Tereso et al. 
(2019)

Fernandes et al. (2017); PMI (2017)
PMI (2017)
Besner and Hobbs (2006, 2008, 2012); Tereso et al. 

(2019)
Besner and Hobbs (2006, 2008, 2012); Fernandes et al. 

(2013); Morandi (2013); PMI (2017); Tereso et al. 
(2019); Bellini et al. (2019)

Fernandes et al. (2013); Morandi (2013); PMI (2017); 
Tereso et al. (2019)

Besner and Hobbs (2006, 2008, 2012); Fernandes et al. 
(2013); PMI (2017); Tereso et al. (2019)

Besner and Hobbs (2006, 2008, 2012); European Com-
mission (2016); Fernandes et al. (2013); Morandi 
(2013); PMI (2017)

European Commission (2016); PMI (2017)
Besner and Hobbs(2006, 2008, 2012); Fernandes et al. 

(2013); PMI (2017); Tereso et al. (2019)
Closure Project closure report European Commission (2016); PMI (2017); Tereso 

et al. (2019)
Project closure meeting European Commission (2016); PMI (2017)
Transition plan European Commission (2016); PMI (2017)
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Table 2  Contingent PM practices

Appr. PM Practice Source

Traditional Work breakdown structure 
(WBS)

Besner and Hobbs (2006, 2008, 2012); Fernandes et al. 
(2013); Morandi (2013); PMI (2017); Tereso et al. 
(2019), Bellini et al. (2019)

Gantt chart Besner and Hobbs (2006, 2008, 2012); Fernandes et al. 
(2013); PMI (2017); Tereso et al. (2019)

PM software for monitoring 
schedule

Besner and Hobbs (2006, 2008, 2012); Fernandes et al. 
(2013); PMI (2017), Bellini et al. (2019)

Agile Planning for iteration-based agile Fernandes and Almeida (2010); Flora and Chande 
(2014); PMI (2017)

Product backlog Agile Alliance (2018); PMI (2017); Santos et al. 
(2016); SCRUMstudy (2016)

Release planning schedule European Commission (2016); PMI (2017); SCRUM-
study (2016)

Daily standups Agile Alliance (2018); Cockburn (2004); PMI (2017); 
SCRUMstudy (2016)

Sprint backlog Fernandes and Almeida (2010); Flora and Chande 
(2014); PMI (2017); Santos et al. (2016); SCRUM-
study (2016)

Sprint reviews PMI (2017); SCRUMstudy (2016)
Sprint retrospective Agile Alliance (2018); PMI (2017 ); SCRUMstudy 

(2016)
Continuous integration Agile Alliance (2018); Fernandes and Almeida (2010); 

Flora and Chande (2014); PMI (2017)
Self-directed work teams Besner and Hobbs (2006, 2008, 2012); Fernandes et al. 

(2013); PMI (2017)
Burn charts - burndown or 

burnup charts
Agile Alliance (2018); Cockburn (2004); Fernandes 

and Almeida (2010); Flora and Chande (2014); PMI 
(2017)

Kanban board Agile Alliance (2018); Ahmad et al. (2013); Flora and 
Chande (2014); PMI (2017)

Simple design Agile Alliance (2018); Fernandes and Almeida (2010); 
Flora and Chande (2014)

Process miniature Cockburn (2004)
Essential interaction design Cockburn (2004); Flora and Chande (2014)
System metaphor Fernandes and Almeida (2010); Flora and Chande 

(2014)
Common either 

to traditional 
or agile

Requirement analysis

Activity list

Effort estimation

Meeting minutes
Project communication room

Social media

Team-building event

Besner and Hobbs (2006, 2008, 2012); Fernandes et al. 
(2013); PMI (2017)

Besner and Hobbs (2006, 2008, 2012); Fernandes et al. 
(2013); PMI (2017)

Fernandes and Almeida (2010); Flora and Chande 
(2014); Santos et al. (2016)

European Commission (2016)
Agile Alliance (2018); Besner and Hobbs (2006, 2008, 

2012); Fernandes et al. (2013); PMI (2017)
Fichtner (2015); PMI (2017); Yates and Paquette 

(2011)
Besner and Hobbs (2006, 2008, 2012); Fernandes et al. 

(2013); PMI (2017)
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Table 2  (continued)

Appr. PM Practice Source

Information radiator                      European Commission (2016); PMI (2017)
Decision log                                   Besner and Hobbs (2006, 2008, 2012); European 

Commission (2016); Fernandes et al. (2013); PMI 
(2017); Sulaiman et al. (2006)

Earned value management             Agile Business Consortium (2014); Santos et al. 
(2016)

MoSCoW method                         Agile Business Consortium (2014)
Modelling                   Agile Business Consortium (2014)
Demonstrations                             PMI (2017)
Testing                                            Agile Business Consortium (2014); European Com-

mission (2016); Fernandes and Almeida (2010); 
Flora and Chande (2014); PMI (2017)

Several recent studies on UICs have used case study research strategy, e.g., Albats et al. 
(2018) studied the key performance indicators of UIC success, Rantala and Ukko (2018) 
the implementation practices and challenges of performance measurement in UICs, and 
Steinmo (2015) the cognitive social capital as a facilitating factor in collaborative univer-
sity-industry relationships.

IC-HMI was a collaborative R&D program between the University of Minho 
(UMinho) and Bosch Car Multimedia Portugal (Bosch) that comprised 30 collaborative 
projects, aiming to create innovative solutions for mobility-related to automobiles in 
the future. The IC-HMI program involved an investment of 54.7 million euros, between 
July 2015 and July 2018, with around 500 researchers and Bosch collaborators, work-
ing interdependently. IC-HMI was the most extensive UIC program conducted in Portu-
gal. With this program, Bosch expected to increase its international accumulated sales 
volume and diversify business and products and consolidate its reputation among cus-
tomers and within Bosch Group. On the other hand, UMinho expected to improve its 
recognition in the scientific community and strengthen the scientific and technologi-
cal knowledge transfer into the industry (Fernandes and O’Sullivan 2021). UMinho and 
Bosch have perceived the value of PM to support the management of such collaboration 
and, therefore, have established a governance model based on a purposely developed 
approach devoted to program and project management of UIC funded contracts, named 
PgPM (Fernandes et al. 2015a).

Figure 2 summarizes the research process adopted. An initial attempt at the PM prac-
tices framework was based on literature review, which was used to guide a subsequent 
exploratory study, resulting in the final PM.UIC framework. The unit of analysis was the 
PM practices used on the management system of a major R&D endeavor jointly carried out 
by academic and industrial researchers. As well recognized in literature, a new PM prac-
tice is unlikely to deliver the desired results if it does not fit within the organization or its 
competitive environment (Cooke-Davies et al. 2009). To address this issue, the case study 
sought to understand the set of essential PM practices, traditional and agile, that are suit-
able to the context of major UICs.
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3.1  Data collection

The research followed a qualitative multimethod, where the chosen research methods 
applied to the case study were participant observation, document analysis, and semi-struc-
tured interviews (Saunders et  al. 2019). Observation played a crucial role in the context 
of this research by driving the researchers to have closer contact with the object of study 
in its natural environment, helping them to grasp the organizational context (Angrosino 
2005). Participant observation provided the researchers with experiential and observational 
access to the actualities of the world of meaning (Alvesson and Sköldberg 2017). Since 
the beginning of the program, the insider researcher observed IC-HMI stakeholders in 
naturally occurring situations, namely during regular management and technical meetings, 
workshops, and celebrations. Therefore, through participant observation, it was possible 
to realize and perceive the UIC context and identify the potentially essential PM practices.

The analysis of several IC-HMI documents was also crucial to better understand the 
case study context, namely the case study efforts on improving PM practices and the PM 
practices effectively adopted (e.g., ‘Project Charter’, ‘Progress Reports’, ‘Risk Register’).

Semi-structured interviews were performed among individuals involved in the 
program environment at different levels of the organization hierarchy. These individuals 
included program and project managers, PgPMO members, and project team members. 
The university program manager was professional manager, however university project 
managers (project leaders) were academic principal investigators.

A total of 30 semi-structured interviews were conducted between April and May 2018. 
Each interview lasted between 21 and 95  min. Interviews were conducted in-person at 
the interviewee’s organization headquarters. The researcher explained, in advance and by 
email, the scope of the research study and the purpose of the interviews through a briefing 
document, which clarified the research scope, anonymity and confidentiality, and the criti-
cal PM terms adopted by the study, to assure that the interviewees perceived these terms 
consistent with the researchers’ understandings. Nevertheless, each interview started with 
an outline of the research objectives.

The data produced by the semi-structured interviews were collected by using tape 
recordings and by taking contemporaneous notes. Only one interviewee did not allow the 
use of tape recording. The notes taken during the interviews were enriched after carefully 
listening to the audio recording, and interviewees were asked to validate and possibly add 
information to these notes if they were willing to do so. Of the 30 interviewees, 26 have 
validated the notes, and only one interviewee made essential additions to the notes. Table 3 
presents key characteristics of the participants.

Fig. 2  The research process



 G. Fernandes, D. O’Sullivan 

1 3

3.2  Data analysis

Qualitative content analysis was used for data analysis. This approach is commonly used 
when conducting qualitative studies for measuring the frequency of different concepts and 
themes and allowing, with caution, indications of significance (Vaismoradi et  al. 2013). 
Commercially available software packages support content analysis. In this study, NVivo 
software was used. This software allows to measure the presence of categories and themes 
and facilitates editing of data concepts, attributes and codifications (Miles et al. 2014).

We followed the coding procedure suggested by Strauss and Corbin (1998). Based on 
the identified PM practices in the ‘initial framework’ (see Tables 1 and 2), we created a list 
of first-order codes. These served as the basis for deductive reasoning, where we grouped 
our first-order codes into two distinct categories that were previously identified as transver-
sal and contingent PM practices. We then clustered the transversal practices into the PM 
lifecycle (i.e., initiation; initial planning; execution, monitoring/ controlling and replan-
ning; and closure), and the contingent practices into traditional, agile or common PM prac-
tices (second-order codes).

Data from the thirty interviews were revisited several times by the researchers. Given 
this process and the fact that all interviewees approved the interview notes produced, the 
qualitative results are considered reliable (Gray 2004). This process allowed researchers 
to identify PM practices included in the ‘initial framework’ that should be eliminated or 
added or moved from transversal to contingent PM practices and vice versa.

4  Findings

The interview responses regarding PM practices, coupled with participant observation 
and document analysis, were compared with those identified from the literature review 
(Tables 1 and Table 2). The final set of practices in the ‘initial framework’ were then modi-
fied to reflect:

Table 3  Interviewee 
characterization

Current role UIC experience (years)

Program manager 2 Less than 3 9
Project manager 10 Between 3 and 5 8
PgPMO 11 Between 5 and 10 9
Team member 7 More than 10 4
Organization PM experience (years)
University 18 Less than 3 7
Bosch 12 Between 3 and 5 7

More than 5 7
More than 10 9

Qualification
Graduation 7 PM Training
Postgraduation 13 Yes 19
Doctorate 10 No 11
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• Confirmed practices already identified in the ‘initial framework’, although in some 
cases prompting some slight rephrasing to the practice or even inside the category. For 
example, specific transversal practices simply moved from a different phase of the PM 
lifecycle to another phase, or inside the category contingent, the practice moved from 
one subcategory, traditional, agile or common to another.

• New identified practices that emerged from the answers of participants.
• Moved practices from contingent to transversal or vice versa.
• Reformulated practices that were substantially rephrased to broaden or to narrow their 

scope. For example, the ‘MoSCoW method’ is renamed to ‘method for requirements 
prioritization’ (e.g., ‘MoSCoW’). ‘MoSCoW’ is just one of the methods for require-
ments prioritization, narrowing down its scope. The reformulated practices can also be 
moved inside the category transversal practices or the category contingent.

• Discredited practices as interviewees put a slight emphasis on them or even proposed 
explicitly to deny it.

Tables  4 and 5 summarize the results of this analysis, namely the % of interviewees 
that prompted each practice as a percentage of the total of participants (30 interviewees). 
The tables also indicate if each PM practice was identified during participant observation 
(*) and document analysis (**). Finally, the table indicate if the PM practice is confirmed, 
new, moved, reformulated or discredited. Most of the PM practices were confirmed, and a 
few discredited.

4.1  Transversal project management practices

Table 4 summarizes the results of the study into transversal PM practices within the case 
study, divided into project phases. Overall, interviewees discredited none of the 24 PM 
practices identified in the ‘initial framework’ and identified a few new practices. The final 
PM.UIC framework resulted in 29 transversal PM practices. Nevertheless, several practices 
can be used in combination. For example, the ‘progress report’ might include the registers 
of ‘project issue log’, ‘change log’, or ‘new project idea log’. Note that, although each prac-
tice only appears once, most practices are updated from the beginning to the closure of the 
project, for example, the: ‘stakeholder register’, ‘dissemination and communication plan’, 
‘risk register’, ‘benefits register’, ‘lessons learned register’, among others.

Both university and industry members agreed that the PM practices that must be trans-
versal to all projects within the program. Nonetheless, university members placed more 
emphasis on the importance of using the ‘project idea paper’ than industry members. The 
reasons behind this difference may be that these documents are usually perceived by indus-
try members as being overly theoretical, and so mostly only accessible to members with 
academic competencies. Nevertheless, this PM practice was regarded as critical for pro-
moting the interaction between industry and academic members. UIC projects are driven 
by both industry and scientific challenges, therefore industry member engagement was cru-
cial. Workshops, brainstorming sessions, or simply meetings for discussion of the problem, 
objectives, and potential solutions for each initial project idea helped to support the prepa-
ration of the ‘project idea paper’.

Industry members had put more emphasis on the importance of the ‘transition plan’ 
to facilitate the ongoing project benefits realization. This included a list of members, 
within each organization, accountable for the exploitation, and the handover of all the nec-
essary information to allow for the proper exploitation of the project’s results. This had 
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Table 4  Transversal PM practices

Ph. PM Practice % Comments

Initiation Project idea paper 77
*

Confirmed. 17% of the interviews referred that using the ‘pro-
ject idea paper’ is before the ‘project initiation’. However, 
the ‘project idea paper’ and the funding application are the 
main inputs for the ‘project initiation’ phase. Usually, there 
is a significant temporal gap, more than one year, between 
the ‘program preparation’ and the ‘project initiation’ (Fer-
nandes et al. 2015a).

Project charter 87
*

Confirmed. Respondent 25 stated, “one of the most important 
practices and greatest concern for the program coordination 
must be the ‘project charter’”. He argues that ‘Project charter’ 
must be a dynamic tool and not just an initial formalization tool 
of the start of a funded, approved project”. The gap between 
the ‘program preparation’ and the ‘project initiation’ could be 
alleviated through the attempt to align the ‘project charter’ with 
the ‘project idea paper’ and the funding application.

Kick-off meeting 87
**

Confirmed. ‘Kick-off meeting’ aims to communicate the 
project objectives, generate a common understanding 
among all the parties involved about the project, obtain the 
commitment of the team members and explain the roles 
and responsibilities of each stakeholder established in the 
program governance model.

Stakeholder register 83%
*

Confirmed. Interviewee 23 referred “that members should 
better know all participants in the project since its initiation 
and the ‘stakeholder register’ might contribute to this”. 
‘Stakeholder register’ should be updated during the whole 
PM lifecycle.

Benefits register 70
*

Moved. The expected project benefits should be identified 
even during the project strategic planning, i.e., during the 
‘program preparation’ (Fernandes and O’Sullivan 2021).

Alignment work-
shops

3
**

New. Although only stated by interviewee 28, “include at the 
beginning of the project a practice that portrays the alignment 
of expectations and only then we should move to planning”. 
The workshop aims to align the expectations and objectives 
of the involved stakeholders because the process of obtaining 
funding is lengthy. The negative influence of this long-term 
temporary gap between the project ideas (previously to the 
funding application development) and the effective ‘project 
initiation’ were mitigated through these alignment workshops 
that are central to establish a strong communication linkage 
between both partners (Pertuzé et al. 2010).

Project competen-
cies list

13 New. According to interviewee 19, it is essential “to identify 
the required project competencies, namely the PM com-
petencies. In cases where required competencies are not 
fulfilled, it is necessary to define alternative ways of filling 
the lack of competencies.“ It is therefore critical to consider 
not only technical but also management competencies.

Initial Plan-
ning

High-level project 
cope and schedule 
plan

80
*

Reformulated. The decision was to join the ‘schedule plan’ with 
the ‘high-level project scope’ because, in practice, the list of 
deliverables and the respective deadlines are usually in the 
same document, as it was observed at the IC-HMI program. 
The gap between the ‘program preparation’ and the ‘project 
initiation’ could be alleviated through the attempt to align the 
three practices: ‘high-level project scope and schedule plan’, 
the ‘project charter’ and the ‘project idea paper’.
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Table 4  (continued)

Ph. PM Practice % Comments

Project procurement 
plan

83
*

Confirmed.

Project staff plan 83
*

Confirmed. It allows to better understand the team member’s 
availability to the project, and a commitment of the program 
coordination with the necessary resources to the project.

Dissemination and 
communication 
plan

87
*

Confirmed. It should include the different communication 
channels selected for the project, namely newsletters, 
emails, magazines, brochures, including a ‘social media’ 
tool. The ‘social media’ was presented as a ‘contingent’ 
practice but when questioned directly was eliminated by 
three (10%) of the total interviewees. It was considered 
reductive to put ‘social media’ and not put the remaining 
communication channel mentioned above. Therefore, the 
‘dissemination and communication plan’ might integrate a 
‘social media’ tool.

Milestone list 73%
*

Confirmed. Interviewee 22 referred that it is essential a well-
clarified ‘milestone list’. All ‘project charters’ of IC-HMI 
program included a ‘milestone list’.

Responsibility matrix 77
*

Confirmed. Interviewee 23 mentioned the importance of 
having a well-defined ‘responsibility assignment matrix’. 
He pointed out that “an improvement could come from bet-
ter knowledge of the roles of each of the project actors…”. 
The responsibility matrix was established at the IC-HMI 
program governance model.

Risk register 87
*

Confirmed. While some interviewees affirmed that risks are 
identified at the planning stage, qualitative analysis and risk 
response plans should also be carried out (Fernandes et al. 
2019). All ‘project charters’ have included an initial list of 
risks identified.

Execution, 
Moni-
toring/
Control-
ling and 
Replan-
ning 

Project issuelog 77%
*

Confirmed. This practice assumes the 10th position of 
the top 20 PM practices of the study by Fernandes et al. 
(2013). Interviewee 5 stated, “issues of personal interest 
that override the interest in projects are common, which 
become important issues to the project”. Interviewee 28 
claimed that “the university’s objectives are different from 
the company’s objective which, in certain projects, gener-
ated some conflict of interest between members”. Thus, the 
‘project issue log’ allows registering and formalizing the 
problems resulting from conflicts of interest that facilitate 
their resolution.

New project ideas log 70
*

Confirmed. Identifying new project ideas leads to the devel-
opment of future R&D collaborations between the partners, 
which help keep the new jobs created, helping in capturing 
and maintaining talented human resources (Scandura 2016). 
Keeping talented resources was one of the main difficulties 
in managing the IC-HMI program because most human 
resources are contracted in fixed-term and so not attractive 
to researchers.

Quality inspection 83
*

Reformulated. The researchers decided to eliminate the 
part that discriminated ‘quality inspection’ as the ‘level of 
fulfilment of deliverables’ because it was considered, for 
example by interviewee 23 “‘Quality inspection’ should 
not focus only on the fulfilment of deliverables. Still, also it 
should be concerned with the quality of the development of 
all project work “.
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Table 4  (continued)

Ph. PM Practice % Comments

Progress reports 83
*

Confirmed. Respondent 10 states that “it must also include 
the recording of financial status and HR”, which were not 
included in the ‘progress reports’ of the IC-HMI case study.

Progress meetings 83
**

Confirmed. It was noted by interviewee 10 that “‘Progress 
meetings’ should be upgraded to include human resources 
(HR) issues and budget execution so that financial monitor-
ing and HR monitoring can be done.“

Change log 73
*

Confirmed. A project change might also result in the use of 
the practice ‘re-baselining’. Interviewee 12 concluded that 
“in a project of innovation there are several uncertainties, 
and so many changes occur during the project”. Therefore, 
it is essential to record the changes that occur throughout 
the project as observed in IC-HMI program.

Re-baselining 77
*

Confirmed. Interviewee 28 emphasized that “there are 
relevant issues today, but that in the course of the project 
may see their relevance change, which is one of the great 
difficulties of innovation; to innovate is to take risks”. 
Attending to the quick scientific-technological changes, 
it is common to make a re-baselining of this typology of 
projects. Morandi (2013) argues that updated project plans 
are needed to coordinate partners’ activities when partners 
are bounded by reciprocal interdependence, as it happens in 
IC-HMI program.

External audits 83
**

Reformulated. In the ‘initial framework’, ‘audits’ were identi-
fied and understood as ‘external audits’ conducted by the 
funding entity. However, interviewee one suggested adding 
‘internal audits’ as a ‘contingent’ PM practice. Therefore, 
here, the transversal practice was clarified as ‘external 
audits’.

Lessons learned 
register

80
*

Confirmed. The interviewees understood that this prac-
tice should be better performed; at IC-HMI, the ‘lessons 
learned’ were, unfortunately, being collected mainly dur-
ing the project closure, as referred by interviewee 6 and 
observed in IC-HMI program.

Requirements 
analysis

40
*

Moved. 40% of the interviewees considered that this practice 
should be transversal. Usually, this practice arises in the 
‘project initial planning’ phase, but given the typology of 
the project, typically, the detailed ‘requirements analysis’ 
happens during the ‘project execution’ phase, as observed in 
IC-HMI program.

Ongoing delivery 17
**

New. Since most of these project types are funded, it is even 
more crucial the ‘ongoing delivery’ of the project outputs. 
According to interviewee 28, usually the management of 
deliverables “is guided by four modules: Scope (scope; 
defines what will be done and what works and meets the 
expectations of the Bosch side and the university side); 
As-Is (current situation of the projects, justifies the exist-
ence of the projects, what will be done, the analysis of 
requirements and clarification of the same); To-Be (a future 
situation, it is the prioritization of the requirements and the 
very clarification of what will be the result of the project 
and how to achieve this result) and Development (what was 
done and how it was done) and finally the pilot”.
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longer-term impacts, such as economic growth and wealth creation, resulting from new 
product development and increases in process efficiency (Ankrah and Al-Tabbaa 2015).

Program managers from both university and industry emphasized the importance of the 
‘project charters’ and ‘progress reports’ to assure the effectiveness of overall program gov-
ernance. Interviewee 25 stated “the most critical tool and that requires greater attention 
and quality is the project charter. This document should be used throughout the project 
lifecycle.” They also highlighted more the significance of the ‘lessons learned register’ and 
‘new project ideas log’. The main reason behind this is that program managers are focused 
on long-term collaboration objectives that can create a sustainable university-industry part-
nership. At time of writing, Bosch and UMinho are presently in the closing phase of yet 
another major UIC program, involving an investment of above €100 million euros; and it is 
in the strategic planning phase of the following UIC program.

Program managers placed less emphasis on the importance of the ‘high-level project 
scope and schedule plan’; ‘project staff plan project’ and ‘procurement plan’ than project 
managers. The university project managers (all academic principal investigators) were 
focused on managing individual projects and saw these PM practices as critical to pursue 
daily the project objectives, i.e., knowing what to do, when, and with what human and 
other resources available.

Table 4  (continued)

Ph. PM Practice % Comments

Innovation meetings 10
**

New. Regular meetings occur in project development sites 
to present to the different project stakeholders the project 
results achievements and discuss how both partners can 
explore them. It is also a useful practice to surpass the dif-
ficulties in managing the integration of the different projects 
of the program, as it involves stakeholders from the different 
levels.

Closure Project closure 
meeting

77
**

Confirmed. The ‘project closure meeting’ allows the sys-
tematization of the project lessons learned. As mentioned 
by interviewee 6, “the ‘project closure meeting’ allows 
balancing if all project objectives have been achieved or, if 
they have not been, understand why”.

Project closure 
Report

80
*

Confirmed. ‘Project closure report’ includes a summary of 
the project performance, the objectives, the results obtained, 
the benefits achieved, the lessons learned, as well as the 
new project ideas for future collaborations.

Transition plan 67 Confirmed. ‘Transition plan’ is assumed as a practice for set-
ting objectives, prerequisites, activities, and responsibilities 
for a smooth transition from the project context to project 
results’ operationalization. This PM practice is critical for 
therealization of all project benefits (EuropeanCommission 
2016). According to interviewee 20, “the ‘transition plan’ 
can be seen as putting into practice what is being developed 
in the project.“ However, this practice was not observed in 
IC-HMI or identified during document analysis.

* Document analysis
** Participant observation



 G. Fernandes, D. O’Sullivan 

1 3

Table 5  Contingent PM Practices

App. PM Practice % Comments

Traditional Work breakdown 
structure

67
**

Confirmed. ‘Work Breakdown Structure (WBS)’ was the practice 
perceived by interviewees as the most useful but not used by 
most project teams. Interviewee 4 referred “a more detailed 
planning for some projects would make sense. How would it be 
done and how much it could be detailed is something that has 
been discussed”. However, according to interviewee 21, this 
detailed planning may be challenging to implement because 
“often the project is presented in a rather general way and as it 
is an R&D work, everything is not well defined from the outset”.

Gantt chart 63 Confirmed. Interviewee 9 considers that “the project team inter-
nally could have its own ‘Gantt chart’ more detailed”.

Agile Planning for 
iteration-based 
agile

47
**

Confirmed. “The use of the ‘planning for iteration-based agile’ 
is essential when choosing for an agile approach to the internal 
planning of the project team” (interviewee 11).

Product backlog 47
**

Confirmed.

Release planning 
schedule

50 Confirmed. Interviewee 16 states that “this practice may some-
times not be possible to apply when sprints are very small and 
what is decided in ‘sprint planning’ is to perform well-identified 
tasks which are to be done”.

Daily standups 47 Confirmed. Interviewee 10 stated, “our team does ‘daily 
standups’ with usually a duration of 5 minutes, at the beginning 
of the day, to allocate the daily tasks and discuss some tasks that 
are not progressing as intended”.

Sprint backlog 50
**

Confirmed.

Sprint review 50
**

Confirmed. “Usually, after the ‘sprint review’, the ‘sprint plan-
ning’ is performed on the same day” (interviewee 16).

Sprint retrospective 50 Confirmed. ‘Sprint retrospective’ helps the team learn from the 
previous work on the product and its process. Interviewee 16 
refers that “it is a good moment to register lessons learned”.

Continuous inte-
gration

50
**

Confirmed. ‘Continuous integration’ often incorporates the entire 
project work to test it to subsequently deliver a suitable version 
of the product to be launched on the market at any time (Fer-
nandes and Almeida 2010; Flora and Chande 2014).

Self-directed work 
teams

47
**

Confirmed.

Burn charts 47 Confirmed. It was decided not to detail in the final PM.UIC 
framework what types of ‘burn charts’ exist to respect the level 
of detail of the remaining PM practices identified.

Kanban board 43 Confirmed. ‘Kanban board’ facilitates management as it allows 
project teams to keep up to date tasks and still know what was 
done, what is being done and what remains to be done.

Simple design 0 Discredited.
Process miniature 0 Discredited.
Essential interac-

tion design
0 Discredited.

System metaphor 0 Discredited.
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Table 5  (continued)

App. PM Practice % Comments

Sprint planning 7 New. Understood in the ‘initial framework’ as an integral part of 
the ‘planning for iteration-based agile’, but from the interview 
analysis, it was clear that ‘planning for iteration-based agile’ is 
more higher-level planning, while ‘sprint planning’ is consid-
ered detailed planning. As interviewee 29 stated, “the existence 
of ‘sprint planning’ is an important practice to plan the next 
sprint”.

Common 
either to 
tradi-
tional or 
agile

PM software 63 Reformulated. In the ‘initial framework’ ‘PM software’ was 
focused on ‘monitoring schedule’. However, it was observed 
that, although it aims at monitoring the schedule, it is also 
essential for scope management, among other aspects related to 
PM. It is a ‘contingent’ practice because not all projects require 
the same PM software; it also depends on the adopted traditional 
or agile PM approach, thus being reformulated as a ‘contingent’ 
practice (either traditional or agile). Interviewee 8 referred that 
“we use Excel, but I believe that it is not the best tool to manage 
projects of this dimension. The use of other software would be 
interesting”. Interviewee 20 stated that “MS Project could be 
used to define better what has to be done and when to do it”.

Requirements 
prioritization

53
**

Reformulated. During the interview analysis, it was clear that it 
is essential to prioritize requirements, but it does not necessarily 
require using the MoSCoW method. The name of the practice 
was restructured to ‘method for requirements prioritization’, and 
MoSCoW was given as an example.

Activity list 47 Confirmed.
Effort estimation 50 Confirmed.
Meeting minutes 50

*
Confirmed. Five respondents considered that it should be a 

transversal practice. However, the researchers understood that 
those involved in the projects could not be ‘forced’ to keep 
minutes of their meetings. The researchers understand this to be 
a useful practice and should be valued and used but should not 
be imposed.

Communication 
room

53
**

Confirmed. A specific space was created in the UMinho campus 
dedicated to the Bosch and UMinho partnership to allow the 
project teams co-allocation. Several team-building events were 
also developed to bring people together, establish good relation-
ships, trust, and create a collaborative and cooperative working 
environment and address the communication difficulties. 
According to interviewee 10, “it would be very interesting to 
have a space available for the project teams to be together also 
at Bosch. It is a practice that would promote team spirit and 
facilitate understanding of what each team member is develop-
ing. It is complicated that there are three different spaces and 
not all in the same building for the project teams, which forces 
the members to move from one place to another”.

Social media 0 Discredited.
Team-building 

event
47
**

Confirmed. Interviewee 10 highlighted that the “implementation 
of team-building activities are important to gain team spirit and 
to increase the project team motivation, helping team members 
to remain in the project”.

Information radia-
tor

40 Confirmed.

Decision log 50 Confirmed.
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4.2  Contingent project management practices

Table 5 summarizes the results of the contingent practices. Most of the practices were con-
firmed, only six were discredited: ‘system metaphor’; ‘essential interaction design’; ‘sim-
ple design’; ‘process miniature’; ‘social media’; and ‘earned value management’. The first 
four PM practices listed were considered by some interviewees as very specific and more 
related to the project technical management and product development, except for ‘social 
media’ and ‘earned value management’. ‘Social media’ was considered just a particular 
communication channel included in the ‘communication and dissemination plan’ as a 

Table 5  (continued)

App. PM Practice % Comments

Earned value man-
agement

0 Discredited.

Modelling 50 Confirmed. ‘Modelling’ includes visual representations of con-
cepts as well as prototypes and mockups. In the context of the 
IC-HMI projects, this practice is considered essential for most 
projects.

Demonstrations 50
**

Confirmed.

Testing 47
**

Confirmed. It was considered, for instance, by interviewee 23 that 
“the ‘Test Plan, Test Driven Development, Independent Testing, 
Test at All Levels’ included in the practice ‘testing’ is very spe-
cific and technical”. Therefore, at the final PM.UIC framework, 
it was referred to as ‘testing’. ‘Testing’ in the context of R&D 
projects are very common. However, they are not necessarily 
used in all projects. Not all projects at the IC-HMI program used 
it; therefore, it was understood as a contingent practice.

Shared Portal 17 New. Interviewee 9 stated that “it would be interesting to have 
a collaborative platform in which it would be possible to have 
an integrated management of the projects of the program by 
all entities involved because at any moment of the project any 
entity and anyone who had access to this information could see 
the projects’ current status, which is currently difficult given the 
dispersion of information”.

Open points list 7 New. Although only interviewees 12 and 11 referred to the 
importance of maintaining a list with all project issues opened 
and with the need for intervention, it was decided to include the 
‘open point list’ because of its importance not only to manage at 
the project level but also at the program level.

Internal audits 7 New. Although it was suggested by only two interviewees the 
inclusion of ‘internal audits’, it was decided to include it in the 
final PM.UIC framework as a contingent PM practice, because, 
as interviewee 2 mentioned, “internal audits are very critical 
namely to be better prepared for the external audits”.

Milestone party 3 New. Only interviewee 6 stated the importance of a milestone 
party. However, it was included in the final PM.UIC frame-
work to encourage extended personnel exchange between the 
university and industry members, as is suggested by Pertuzé 
et al. (2010). Nevertheless, this kind of practice should not be 
imposed, and therefore is a nice-to-have practice.

* Document analysis
** Participant observation
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communication method. As for ‘earned value management’ interviewee four stated, “the 
level of maturity of people concerning PM is not appropriate to the use of certain prac-
tices, such as earned value management, and also makes difficult its application given the 
fact that, in these projects, more than one organization is involved, within a university with 
no culture in producing timely updated timesheets”.

The structure of the PM.UIC framework includes the contingent PM practices, i.e., prac-
tices used by project teams who understand them as useful for their projects. At the ‘initial 
framework,‘ all the contingent PM practices were understood as non-essential at the pro-
gram level and optional practices at the project level depending on the teams PM approach 
i.e., traditional or agile. Many interviewees did not offer opinions regarding the agile PM 
practices due to their lack of knowledge and experience in its use. Thus, the confirmation 
percentages of these practices are lower in comparison to the transversal PM practices.

Both university and industry members also agreed on the contingent PM practices with 
industry members placing particular emphasis on agile PM practices, such as ‘planning for 
iteration-based agile’, ‘product backlog’, ‘sprint backlog’, ‘sprint review’, ‘sprint retrospec-
tive’, ‘daily’ standups, and ‘burn charts’. The reason for this emphasis by industry members 
may be the prevalence of agile practices within their New Product Development (NPD) 
process. If a PM practice has been already adopted by one partner of the collaboration, it 
will be more easily adopted in the context of new R&D UIC projects (Jiménez et al. 2020). 
On the other hand, academic members put more emphasis on ‘modelling’ and ‘testing’ 
practices, and this might happen because these practices are very common in academic 
R&D projects in general

It is worth mentioning that the PgPMO members stressed the importance of ‘PM soft-
ware’. The reason behind this is perhaps not surprising, since the PgPMO team is very 
close to the operational management of both the program and its constituent projects. 
Therefore, PgPMO members naturally have a perception of higher importance of software 
tools to support them in dealing with the vast amount of information to manage. In fact, as 
argued by several authors, PM software plays a major role in supporting the management 
of projects (Kock et al. 2020)

5  Discussion

Analysis of the interviews resulted in a new framework of PM practices in major UICs pre-
sented in Fig. 3. In summary, the framework offers the transversal PM practices for all pro-
jects in a major program, as the program management level must be assured. It identifies 
seven practices in the ‘initiation’ phase instead of four in the ‘initial framework’ (Table 1). 
In the ‘project initial planning’ and ‘project closure’ phases, there were no changes. In the 
‘project execution, monitoring/controlling and replanning’ phase, twelve practices were 
indicated instead of the five initially proposed, so two practices were added: ‘ongoing 
delivery’ and ‘innovation meetings’.

In the contingent practices of the final PM.UIC framework, a total of 30 practices are 
identified: two practices related to traditional approach against three considered in the ‘ini-
tial framework’, 12 agile practices instead of the 15 initially identified, and 16 common 
(either used in traditional or agile) – two more than the 14 initially identified.

The PM.UIC framework developed through this research, divides PM practices into 
two groups – transversal and contingent. Transversal practices are must-have PM practices 
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distributed throughout the PM lifecycle to assure effective governance of the overall UIC 
program. Contingent means optional practices that project teams can decide to use. These 
contingent PM practices are divided into traditional, agile and common, i.e. used either by 
traditional or agile PM approaches. The contingent practices would allow the use of the 
‘optimized’ model that emphasizes planning and formal processes based on phases, and 
the ‘adaptive’ model that recognizes that the goals to be achieved and the path to achieving 
them are fundamentally uncertain and are based on intuitive judgment, informal processes, 
and learning acquired through trial-and-error experience (Davies 2014; Shenhar and Dvir 
2007). While the transversal practices would allow the engagement of all the stakehold-
ers involved, as well as a more significant alignment and proximity between them, and a 
better vision of the major program objectives to lead to the success of the projects within 
the program, maximizing the program benefits realization (Coombs 2015; Fernandes and 
O’Sullivan 2021).

The contribution of this study is twofold. Firstly, this research builds knowledge of UICs 
by having a micro-level perspective on managing collaborative R&D projects for which 
there is limited understanding (Brocke and Lippe 2015; Nsanzumuhire and Groot 2020). 
The paper presents a PM.UIC framework proposal to manage UIC projects within a major 
program. The framework gathers current knowledge on critical PM practices (tools and 
techniques) for the particular context of UIC, which can guide other UICs to create greater 
balance between creative freedom and control (Brocke and Lippe 2015). The framework 
attends to recent calls on UIC literature for studies to investigate types of governance 
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Fig. 3  The PM.UIC framework for PM practices in major UIC programs
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mechanisms, requiring a balance between control and more open heterarchical govern-
ance to fit the expectations and needs of both university and industry partners (Skute et al. 
2019). Academic researchers tend to have a high need for creative freedom, and therefore 
autonomy for establishing research directions and managing their UIC projects (Zalewska-
Kurek et al. 2018). While firms need to assure the alignment of goals, as well as commit-
ment among collaborator partners (Morandi 2013; Pertuzé et al. 2010).

Secondly, the research improves our theoretical understanding of how to combine in 
the management of a major program two different PM approaches: traditional and agile, to 
assure the overall program governance of a funded UIC, independently of the PM approach 
adopted by each project. The research results also highlight that several PM practices are 
common either to traditional or agile approaches (see Fig.  3). Additionally, the research 
supports both the image of PM as a field with relatively uniform generic practice and 
shows some differences across a different organizational context, as found by the study of 
Besner and Hobbs (2008) and more recently by Tereso et al. (2019). The PM.UIC frame-
work identifies some critical PM practices specific to the UIC context, such as the ‘project 
idea paper’, the ‘alignment workshops’ or the ‘transition plan’. However, other essential 
PM practices in the PM.UIC framework are common or generic to any project, such as the 
‘project charter’, ‘kick-off meeting’ or ‘milestone list’ (Besner and Hobbs 2008; Tereso 
et al. 2019).

At the beginning of the research conceptualization, it was hoped that the research 
might come up with a relatively short list of relevant PM practices on which stakeholders 
involved in the management of UICs should focus their attention. However, the results of 
the empirical work show that managing such initiatives is a complex issue and cannot be 
reduced to a small list of PM practices. It may be argued that even the current list of PM 
practices is not detailed enough.

6  Conclusions

This study investigates the key PM practices for the context of major university-industry 
R&D collaboration (UIC) program. The first stage of the research involved developing an 
‘initial framework’ derived from the literature. The framework conceptualization was based 
on the contingency theory (Drazin and Van de Ven 1985; Lawrence and Lorsch 1968; Sau-
ser et al. 2009), which comprised 24 transversal PM practices (Table 1), and 32 contingent 
PM practices (Table 2). The contingent PM practices are divided into three subsets; 15 of 
the 32 are agile PM practices, three traditional and 14 remaining common to both agile and 
traditional approaches. The transversal PM practices are presented according to the PM 
lifecycle, divided into four phases: ‘project initiation’, ‘project initial planning’, ‘execution, 
monitoring/ control and replanning’, and, lastly, ‘project closure’. In R&D projects, tradi-
tional or agile approaches might also be used (Barbosa et al. 2021). However, in the case 
study, the traditional approach was the most adopted by the project teams.

Subsequently, a final PM.UIC framework was constructed following an exploratory 
study consisting of thirty semi-structured interviews with stakeholders in different levels 
of the program organization, program managers, project managers, PgPMO members and 
team members of the case in study, participant observation and document analysis. The 
framework incorporates the initial essential PM practices listed in the ‘initial framework’ 
(Tables 1 and 2), suitably modified to reflect the alterations suggested from the interview 
responses, coupled with participant observation and document analysis. Analysis of 
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data served to: identify four new transversal (e.g., ‘alignment workshops’) and five new 
contingent PM practices (e.g., ‘internal audits’); confirm twenty-one transversal (e.g., 
‘stakeholder register’) and twenty contingent PM practices (e.g., ‘product backlog’); move 
one contingent PM practice to transversal (‘requirements analysis’); reformulate three 
transversal (e.g., ‘external audits’) and two contingent PM practices (e.g., ‘PM software’); 
and discredit six contingent PM practices (e.g., ‘earned value management’). Overall, 
these modifications resulted in a PM.UIC framework with 29 transversal and 30 contingent 
PM practices (Fig. 3). This micro-level perspective on UIC practices during the complete 
lifecycle of an endeavor (Albats et  al. 2018) provides valuable guidelines for managing 
project and program success.

Deploying the PM.UIC framework in future UICs can be done using a simple five-step 
method. The first step involves engaging UIC stakeholders with all the potential PM prac-
tices outlined in the PM.UIC framework. The consortium can then assess the relevance 
of PM practices for their own particular context, by for example giving each practice a 
weight between 0 and 100%. The third step may involve selecting the PM practices based 
on the assessment for each of the major stakeholders i.e., program, project, and PgPMO 
team. Key stakeholders should then agree on the main tools and templates necessary to 
operationalize the PM practices selected, e.g., WORD or EXCEL templates of collabora-
tion software. Finally, a simple traffic lights system might also be used to illustrate progress 
or otherwise of various program and project management activities.

Deploying the PM.UIC framework might also require particular attention to several PM 
embedding factors (Fernandes et al., 2015b), such as giving specific training to key players 
on PM practices, the PM.UIC framework might be even used to direct training require-
ments for university and industry project leaders; identifying opinion leaders mandated to 
promote PM practices at key meetings; demonstrating the value of PM practices through 
continuous communication; and raising awareness of PM practices that would increase the 
probability of program success so further collaborations may be funded in the future (Fer-
nandes et al., 2020a).

6.1  Management implications

Brocke and Lippe (2015, p. 1023) identified eight key challenges for partners involved in 
UICs that included: “Balance between creative freedom and control” and “uncertainty 
about working methods”. By developing a hybrid management approach and identifying 
key PM practices within a large UIC, this research presents new insights that can help to 
address these two challenges. Addressing these two challenges can lead to the identifica-
tion of new ideas and behaviors that can help to reduce the ‘cultural gap’ between col-
laborating partners. The adoption of PM practices leads to UICs project success (Barnes 
et al. 2006; Fernandes et al. 2020a; Huang and Chen 2017). However, as Brocke and Lippe 
(2015) also argue, there is a need to have a contingency approach to identifying practices 
that match specific project needs.

Implementing transversal PM practices in all projects within a major program is key 
to in inter-organizational endeavors, such as UICs. As well-recognized in literature, suc-
cessful UICs require high trust and commitment between partners (Bellini et  al. 2019; 
Hemmert et al. 2014; Oliver et al. 2020; Pertuzé et al. 2010; Plewa et al. 2013); and the 
transversal PM practices aims to contribute to increasing the level of trust among partners. 
Hemmert et al. (2014) argue that trust at the organizational level is centered on efficiency, 
including alignment with contract provisions and time commitment to the project that PM 
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practices would promote. For instance, the conduction of regular ‘progress meetings’ in the 
Bosch-UMinho case study allowed continuous communication among members of both 
partners, reducing misunderstandings between partners during the collaboration (Bruneel 
et  al. 2010), namely related to ownership of intellectual property and academic freedom 
to publish (Bellini et al. 2019), and developing trust (Canhoto et al. 2016). Bellini et al. 
(2019, p. 1939) argue that “effort is needed to build channels and tools enhancing trust 
between industry and university”, thus emphasizing trust as a key facilitator of knowledge 
transfer among collaboration partners (Santoro and Bierly 2006).

The emphasis and focus on appropriate PM practices in the Bosch and UMinho col-
laboration has contributed to enhanced communication among partners (Fernandes et al. 
2020a), leading to greater technology and knowledge transfer (Ankrah and AL-Tabbaa 
2015; Santoro and Bierly 2006), as well as the continuous search for new project R&D 
ideas, through the use for example of the PM practice ‘new project ideas log’ and keeping 
the search for new projects on the R&D agenda. The focus on identifying appropriate PM 
practices also contributed to the sustainability of the Bosh-UMinho partnership over three 
collaboration periods 2013-2015, 2015-2018 and 2018-2021 and currently proposed again 
between 2022 and 2024 comprising an investment of over 60 million euros.

It is anticipated that embedding the PM.UIC framework within collaborative projects 
will positively affect the success and, consequently, the sustainability of the university-
industry collaborations (Pinto and Fernandes 2021). As shown by Bellini et al. (2019) col-
laborative know-how is one of the main factors for enhancing intangible benefits, such as 
knowledge transfer and learning, that is also identified as one of the most important antici-
pated benefits of UIC stakeholders (Fernandes and O’Sullivan 2021).

However, embedding PM practices is dependent on both university and industry levels 
of PM maturity (Fernandes et al. 2014). Due to the large investment, UMinho and Bosch 
partners anticipated the need for Program and Project Management Office (PgPMO) struc-
ture to support the implementation of PM practices that would help to maximize program 
benefits. The PgPMO had a serving role (Fernandes et al. 2020b) since its main objective 
was to support both the program management and project teams during the program and 
project lifecycle. From the case study, it was clear that the PgPMO played a significant role 
in embedding transversal PM practices particularly where there is a high interdependence 
between partners (Morandi 2013). Project managers usually played the role of management 
and research, i.e., there is a “diversity of coordinator function” (Brocke and Lippe 2015). 
Therefore, the PgPMO not only supported program management but also the management 
of individual R&D projects, which is critical to the overall program success (Artto et al. 
2011).

The emergence of the PgPMO aimed to provide PM practices that fostered the translation 
of program objectives into project objectives and to develop skills and competencies for 
project teams through training, workshops, and seminars. During the ‘project initiation’ 
phase, the PgPMO main aim was to translate program strategies into project strategies and 
to ensure the evolution of project ideas into projects, by using for example the practices of 
‘project idea paper’ and ‘project charter’. At the ‘project initial planning’ phase, its aim 
was to assure proper support for project leaders, using for example the practices of ‘high-
level project scope and schedule plan’, ‘procurement plan’, and ‘project staff plan’. During 
‘project execution, monitoring/controlling and replanning’ phase, the PgPMO assured that 
the objectives were met and the expected stakeholders’ benefits were realized (Derakhshan 
et al. 2020), using for example the practices of ‘progress meetings’ and ‘progress reports’.

Identifying, selecting, and deploying PM practices played a role in increasing the trans-
parency among partners (Fernandes et al. 2020b) and reducing the effect of different and 
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sometimes competing expected benefits from industry and university members (Fernandes 
and O’Sullivan 2021). The PgPMO promoted systematic knowledge sharing and effective 
communication between participants, through for example, the use of the ‘alignment work-
shops’, ‘innovation meetings’ and ‘progress meetings’, building trust and narrowing the 
so called ‘cultural gap’ among university and industry participants (Barnes et  al. 2006). 
Moreover, the PgPMO acted as a repository of learning and a vehicle for enabling knowl-
edge transfer across projects and therefore achieving greater project synergies (Artto et al. 
2011). The ‘lessons learned register’ for each project, and the ‘project closure meeting’ 
promoted the systematization of the collected lessons to be adopted in future UICs.

6.2  Limitations and future research

The research was performed using a single case study. We acknowledge this as a research 
drawback, as it limits the generalizability of the findings. Moreover, the PM.UIC frame-
work suggested is based on a major program of projects. This context may have had an 
influence on the selection and deployment of various PM practices. In this regard, this case 
study may reduce the generalizability of the findings when compared to more typical single 
project collaborations.

Project and program management is highly dependent on the organizational con-
text (Besner and Hobbs 2013; Pellegrinelli et  al. 2007; Rijke et  al. 2014), and like any 
framework, it portrays a simplification of reality and should be used cautiously when uni-
versity and industry partners adopt it to successfully manage their own R&D collabora-
tions. Therefore, exploring more UIC cases would result in expanding the outcome of this 
research by namely comparing the effects of task uncertainty, equivocality, and the interde-
pendence of partners (Morandi 2013).

The research here presented has a technical perspective on managing UIC projects, 
however future studies on social aspects would help to retain the plurality of perspectives 
(Hernes 2014) and to capture the complexity found in the phenomenon of managing inter-
organizational collaboration programs and projects. It is well-recognized in literature that 
UIC projects are built on social relationships that require considerable trust and commit-
ment between partners to create reciprocal benefits over time and make a UIC sustainable 
(Plewa et al. 2013; Skute et al. 2019). Skute et al. (2019) argue for more investigation into 
the factors that promote long-lasting strategic alliances between universities and industries.

We note that most UICs are operationalized at the level of individual research centers, 
academic departments, or principal investigators rather than the level of a school or an 
entire university, as what happened in this case study. Literature points to the need 
for the existence of individual ‘champions’ who help bridge the gap between different 
organizational levels within the university and between the university and its industrial 
partners (e.g., Santoro and Chakrabarti 2002). In fact, ‘champions’ promote an important 
role in promoting trust between partners, specially where there is limited experience 
with UIC (Hemmert et al. 2014). However, at the case study, a whole PgPMO structure 
was created and was found critical to promote communication among stakeholders and 
fostering trust. Future research is needed in PgPMO or similar structures in other UIC 
contexts to be able to generalize this finding. During case analysis we also found some 
evidence that different organizational levels interfere with the perceived usefulness of PM 
practices. Some PM practices are more important for the leadership and governance, while 
others are primarily for project managers or team members. Future research might also 
explore this avenue.
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