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Industry 4.0 as an Enabler of Open Innovation

Serena Strazzullo ¥, Benito Mignacca

Abstract—A growing body of literature surrounds Open Inno-
vation (OI) initiatives and Industry 4.0 (14.0) technologies. How-
ever, despite the growing interest by academics, practitioners, and
policymakers in both domains, the link between the two remains
underinvestigated from an empirical point of view. This article
addresses this gap in knowledge by leveraging 16 semistructured
interviews with practitioners involved in both the I4.0 context and
Ol initiatives. This article provides two main contributions. First,
it identifies a series of 14.0 technologies (e.g., Big Data, advanced
manufacturing) enabling Ol initiatives (e.g., crowdfunding, cocre-
ation). Second, it identifies and examines the benefits and challenges
of adopting such 14.0 technologies. The benefits include improved
data management, reduced time to market, improved production
phase, and increased client satisfaction. The challenges include the
lack of capabilities, resistance to change, and security issues. The
exploratory nature of this study triggers exciting future research
opportunities about OI initiatives and 14.0 technologies.

Index Terms—Digital transformation, digitalization, Industry
4.0 (14.0), innovation management, open innovation (OI).

1. INTRODUCTION

URRENT economic scenarios are constantly evolving,

bringing new production (e.g., additive manufacturing,
augmented reality) and information and communication tech-
nologies (e.g., Big Data, artificial intelligence). These technolo-
gies, which pertain to the Industry 4.0 (I4.0) domain, deter-
mined significant changes in innovative processes, triggering
new mechanisms for interacting with and benefiting from the
surrounding environment [1], [2]. The 14.0 can be conceptu-
alized as an industrial stage characterized by the integration
of manufacturing systems and information and communication
technologies [2], [3]. Examples of 14.0 technologies include
[4]: artificial intelligence, augmented/virtual reality, Big Data,
blockchain technologies, cloud computing, digital platforms,
and the Internet of Things. 14.0 technologies assist companies
in transforming their activities and improving internal efficiency
and innovation [5]. Companies often resort to external organi-
zations in order to fully benefit from such technologies [6], [7].
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We advance that the resulting interorganizational collaborations
can be analyzed through the lenses of the Open Innovation (OI)
paradigm [8]. Ol is defined as a model of open, collaborative,
and distributed innovation [9]. According to the OI paradigm,
knowledge flows between two or more organizations (e.g.,
suppliers, customers, competitors, R&D institutions) can foster
innovation. The literature about OI emphasizes the benefits of
this paradigm, such as reducing development costs and time to
market, along with enhancing the know-how of a firm [10], [11],
[12], [13]. Examples of Ol initiatives include [4]: collaboration,
crowdfunding, cocreation, crowdsourcing, customer immersion,
merger & acquisition, and operations in open business models.

Therefore, on the one hand, 14.0 technologies can influence
knowledge flows between organizations and the associated busi-
ness models, processes, and products. On the other hand, OI
practices can serve as knowledge brokers and sources, assisting
firms in their digital transformation [14].

Academics are increasingly discussing the synergies between
14.0 technologies and OI domains [15], [16], [17]. For instance,
Pénin et al. [18] point out how digital technologies can facilitate
the identification of partners and the development of collabora-
tions. Wallin and Von Krogh [19] highlight that information and
communication technologies and connectivity play a relevant
role in rising new approaches, such as hackathons, innovation
challenges, and crowdsourcing. Moreover, Barlatier et al. [20]
provide a framework integrating several digital technologies
(e.g., Big Data, cloud computing, artificial intelligence) through
the stages of the OI process.

Despite the growing academic interest, the empirical evidence
about the link between 14.0 technologies and Ol initiatives is
still limited [4]. Indeed, Urbinati et al. [16] invited researchers
to deepen the link between OI and digital technologies through
empirical studies. Furthermore, Bigliardi et al. [21] highlighted
the relevance of exploiting the impact of 14.0 technologies on
the OI paradigm, along with the need for further research.
Additionally, as highlighted by Strazzullo et al. [4], the studies
about I4.0 technologies and Ol initiatives examine links between
“specific” 14.0 technologies and Ol initiatives, and there are no
studies investigating the link between 14.0 and OI embracing a
“holistic” perspective. This article aims to address this gap in
knowledge by holistically investigating the link between 14.0
technologies and OI initiatives in the manufacturing sector.
Therefore, the holistic perspective (i.e., not limited to specific
links) in analyzing the link between 14.0 technologies and OI
initiatives is the key element of novelty of this article. The unit
of analysis is the relationship between 14.0 technologies and
OI initiatives. The embedded unit of analysis is the elements
influencing the implementation of 14.0 technologies enabling
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OI initiatives. In particular, we formulated the following two
research questions (RQs).

RQ1: Which I4.0 technologies enable Ol initiatives?

RQ2: Which factors influence the implementation of OI en-
abling technologies?

The aforementioned RQs were addressed by leveraging 16
semistructured interviews with practitioners with relevant expe-
rience in both adopting 14.0 technologies and implementing OI
initiatives in the manufacturing sector. By leveraging a thematic
analysis of the data collected, this article provides two main
contributions. First, it identifies a series of specific links between
14.0 technologies and OI initiatives. Second, it identifies and
examines the benefits and challenges for the implementation
of such 14.0 technologies enabling OI initiatives. The benefits
identified and examined are improved data management, re-
duced time to market, improved production phase, and increased
client satisfaction. The challenges identified and examined are
lack of capabilities, resistance to change, and security issues.
The findings of this article contribute to the body of knowledge
at the intersection between 14.0 and OI innovation domains
by presenting and examining the role of 14.0 technologies in
enabling Ol initiatives. It can be categorized as theory-building
research [22]; indeed, relationships about 14.0 technologies and
OlI initiatives, along with constructs about the elements influ-
encing those 14.0 technologies, have been identified. Regarding
the practical implications, the findings of this article are relevant
for companies involved in one of the two domains (OI or 14.0)
to consider, for instance, which 14.0 technologies foster OI
initiatives, along with the factors influencing the adoption of
the identified 14.0 technologies.

The rest of the article is structured as follows. Section II
presents an overview of the domains investigated in this article
(i.e., Ol and I4.0) and their link. Section III summarizes the main
steps of the methodology adopted. Sections IV and V present and
discuss the findings, respectively. Finally, Section VI concludes
the article and suggests future research opportunities.

II. LITERATURE REVIEW
A. Overview of Ol

Chesbrough [8] introduced the concept of OI, highlighting
how the creation of knowledge is linked to an open vision of the
organization. Chesbrough’s insights triggered a relevant stream
of research about OI. For instance, Gassmann et al. [12] ex-
panded the concept of Ol, pointing out the importance of patents
and intellectual property in OI models. Chesbrough and Bogers
[23] provided a new definition of OI by adding the economic
perspective to the concept: “Open innovation is a distributed
innovation process based on purposively managed knowledge
flows across organisational boundaries, using pecuniary and
non-pecuniary mechanisms in line with each organisation’s
business model” (p. 24). Afterward, Bogers et al. [24] introduced
new layers to the Ol model, expanding the traditional analysis at
the organizational level to a multiple-level OI analysis. In the last
decades, several articles systematically categorized the literature
about OI[25], [26],[27],[28], [29], [30]. Among these, a seminal
article is [25], which provides a novel conceptual model for OI.
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TABLE I
OI PRACTICES

Ol practices Brief description Ref.
Co-creation The joint work of the company and [38]
customers in creating value
Collaborative A process that includes two or more actors  [39]

problem-solving who attempt to solve a problem by sharing

and product design _their knowledge, skills and efforts

Crowdfunding A form of venture capital financing [40]
targeting a large and indeterminate group of
people

Customer A collaborative innovation practice that [4]

immersion and
customization

aims to capture the value from the customer
directly or indirectly through an immersive
experience

An organizational contribution to a larger
ecosystem in which each participant
nourishes the activities of others with their
own knowledge

A collaborative approach that breaks down
organizational boundaries for knowledge
sharing. It considers the combination of
innovation and technology as the origin of
value creation, driven by a continuous flow
of interactions with external actors

Networking [41]

Operation in open
business model

[42]

In particular, the authors merged the concept of openness as
traditionally conceptualized by Chesbrough [8] (i.e., considering
the different types of opening, inbound and outbound) with a
second dimension related to the interaction mechanisms (i.e.,
pecuniary or nonpecuniary) between the actors involved. A key
novelty lies in bringing down the dichotomy between OI and
closed innovation, considering the opening as a continuum.
Additionally, Gao et al. [28] proposed a more comprehensive
and structural framework for the OI. The framework considers
different types of innovation processes according to three differ-
ent steps for knowledge sharing and transfer (i.e., acquisition, in-
tegration, and commercialization of innovations). Furthermore,
several articles focused on the benefits and enabling factors of
Ol initiatives [31], [32], [33], [34], [35], [36], [37]. Regarding
the benefits, Bonfanti et al. [31] highlighted how implementing
Ol initiatives allowed small- and medium-sized enterprises to
reduce the time to market and innovation costs, along with the
opportunity of sharing risks with partners. Moreover, Ooms
and Piepenbrink [33] first stressed the strategic role of OI to
solve complex or wicked problems and second highlighted how
partners leverage their differences to improve service innovation.
Regarding the enabling factors, Sag et al. [32] pointed out the
relevant role of external factors (e.g., government programs,
regional innovation policies, and intellectual property protec-
tion mechanisms) in the choice of implementing OI initiatives.
Moreover, Cillo et al. [35] analyzed OI in agri-food businesses,
showing how information technology (IT) based knowledge
exploitation capabilities enabled OI initiatives. A recent study
cross-referenced the OI process dimension with the one related
to the exploitation of digital technologies [4]. The combination
highlighted several OI practices that can be implemented in
combination with specific digital technologies. Table I presents
an overview of such OI practices.
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B. Overview of 14.0

There is a lack of an agreed-upon definition of 14.0, posing
limitations to theory building and comparison among studies
[43]. Tt is often defined as “the set of technologies, devices and
processes that allow for self-sufficient production models, capa-
ble of operating in an integrated way along the several phases of
the production process and along the several levels of the supply
chain and able to make decentralised decisions with minimum
human intervention” [44, p. 2]. Moreover, the term 14.0 is often
referred to as the fourth industrial revolution, arising from a
German public-private initiative aiming to build smart factories
by integrating physical objects with digital technologies [45].
The introduction of digital technologies led to a new industrial
phase characterized by the connectivity of integrated production
systems [46].

The novel production systems allow real-time information
sharing (often without human involvement) throughout the
supply chain, ultimately reducing complexity and improving
process efficiency [47]. In the 14.0 context, devices and ma-
chines are connected and communicate using different [4.0 “Key
Enabling Technologies,” i.e., knowledge-intensive technologies
(e.g., advanced materials, advanced manufacturing) supporting
the development and deployment of connected and integrated
systems [48]. Xu et al. [49] reviewed the literature about the
implementation of 14.0 technologies, highlighting how the lack
of adequate systems and formal methods, along with other
technical challenges (e.g., inadequate ICT infrastructure, scal-
ability issues), can hinder the adoption of 14.0 technologies.
Frank et al. [50] focused on the 14.0 implementation patterns
in manufacturing companies, ultimately providing a maturity
model showing technology patterns. A key takeaway is a rela-
tionship between 14.0 and the systemic adoption of front-end
technologies, where smart manufacturing plays a pivotal role.
Furthermore, Kristoffersen et al. [51] emphasized the relevant
role of 14.0 technologies in implementing circular economy
initiatives and provided a “digital-enabled circular strategies
framework” for manufacturing companies. Additionally, several
studies highlighted how the 14.0 field is expanding and that
there is a need for creative business models analyzing the in-
fluence of 14.0 technologies in creating value [52], [53]. Table IT
summarizes relevant 14.0 technologies that can be adopted in
organizational innovation processes.

C. Linking OI Initiatives and 14.0 Technologies

In the last decade, 14.0 technologies significantly reshaped the
processes of several industries.

This revolution transforming the industrial sector can be
conceptualized as an open model, which starts from digitization
and integrates all the new technologies coming from the I'T world
and beyond. The latest trend is a new concept of OI, which can
be expressed as “OI 4.0” or “digital OI.” The widespread adop-
tion of digital technologies in innovation processes prompted
management and innovation experts to develop new open digital
technology management theories [24], [64]. According to Sjodin
et al. [65], the discovery, selection, and execution of customized
digital strategies in line with innovation efforts are primary

TABLE II
14.0 TECHNOLOGIES

14.0 Technologies Brief description Ref.

Advanced
manufacturing

Integration of techniques and additive
technologies to optimize the design and
production process

Technology that allows machines to be
endowed with certain characteristics that
are considered typically human
Technology that allows users to enrich the
view of real environments by inserting
virtual objects

Large amounts of data for predictive
applications that traditional databases
cannot handle due to the large volume and
the presence of raw and unstructured data
A set of ICT services accessible on demand
and in self-service mode via Internet
technologies, based on shared resources,
characterized by rapid scalability and
punctual measurability of service levels
Machine-design aspect related to the
process of transferring data between edge
devices (sensors or controllers) to other
devices or to the cloud

Digital  infrastructures  that  connect
different systems, presenting them to users
via simplified and integrated interfaces,
usually a mobile app or a website

System to generate networks of automated
intelligent devices capable of sharing
knowledge, transmitting, data, and
responding to external environmental
stimuli

Technology with a wide range of
manufacturing-related capabilities. It often
improves automated systems, performing
repetitive tasks accurately and cost-
effectively

Platforms for the dissemination of
speeches, opinions, information, or other
content to the public

[54]

Artificial
intelligence

[55]

Augmented reality [56]

Big data [57]

Cloud computing [58]

Connectivity [59]

Digital platforms [60]

Internet of things [61]

Robotics [62]

Social media
platform

[63]

concerns for organizations. Several studies in the literature show
a relationship between OI strategies and digital technologies. In
particular, the selection of potential partners and the develop-
ment of cross-border interactions are facilitated by digital tech-
nologies; they enable businesses to establish successful systems
for including external collaborators in internal operations [18].
Furthermore, online innovation tools [66], which are targeted
at involving users, are considered among the most valuable
external sources of knowledge for innovation [67]. Additionally,
Yoo et al. [68] pointed out that the OI paradigm is an effective
model for exploiting the benefits of digital technologies. Berente
et al. [69] first presented a theoretical framework including
the different approaches driving distributed innovation. Second,
the authors suggested further investigating the transition from
traditional business models to business models supporting open
digital innovation. In the context of 14.0, there is a growing
interest in those OI practices that use digital technology as an
enabling element, such as crowdsourcing and cocreation [70],
[71], [72], [73], [74], [75].

In summary, on the one hand, companies often resort to
external organizations to implement and benefit from 14.0 tech-
nologies. As aforementioned, we advance that the resulting
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4
14.0 technologies Ol practices
| Advanced manufacturing | | Co-creation |
| Artificial intelligence |
Collaborative problem
| Augmented Reality | solving an product design
| Big data |
| Crowdfunding |
| Cloud computing |
| Connectivity | | Customer immersion and
customization
| Digital platform |
| Internet of things | | Networking |
| Robotics |
Operation in open business
| Social media platform | model
Fig. 1. Conceptual model.

interorganizational collaborations can be analyzed through the
lenses of the OI paradigm. On the other hand, OI practices can
be enabled or facilitated by 14.0 technologies.

However, as highlighted by Strazzullo et al. [4], the studies
about 4.0 technologies and Ol initiatives examine links between
“specific” 14.0 technologies and OI initiatives. Remarkably,
there are no studies investigating the link between 14.0 and OI
embracing a “holistic” perspective. This article addresses this
gap in knowledge by holistically investigating the link between
14.0 technologies and OI initiatives. In particular, this article
empirically examines the relationship between 14.0 technologies
and OI practices, as presented in the conceptual model in Fig. 1.

III. METHODOLOGY

A. Research Approach, Data Collection, and Sampling
Strategy

The authors adopted an abductive approach in investigating
the link between 14.0 technologies and OI initiatives. In abduc-
tive research, known premises are used to define testable conclu-
sions. The abductive approach is appropriate for exploring a phe-
nomenon and identifying themes and patterns [76]. Two main
factors motivated the choice to adopt an abductive approach:
1) the exploratory nature of this research at the intersection of
the OI domain and I4.0 domain, and 2) the relevant literature
about the two single domains that we leveraged to investigate
the phenomenon. Indeed, we leveraged a predefined list of 14.0
technologies and Ol initiatives in initiating the interview process,
as shown in Fig. 1.

Data were collected through semistructured interviews in
order to ask follow-up questions or comments [77], [78]. A
purposive sampling strategy guided the selection of the inter-
viewees [79]. In particular, three criteria guided the selection: 1)
employed by a company with relevant experience in the imple-
mentation of 4.0 technologies, 2) at least ten years of experience
in the manufacturing sector, and 3) sufficient expertise in OI
practices. A total of 16 interviews were collected between April
and June 2021; details of the interviewees are presented in the
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TABLE III
EXAMPLE OF THE CODING PROCESS—LAYOUT ADAPTED FROM [78] AND [85]

Extract from the Preliminary Final coding Final coding
interviews coding (nodes)  (sub-themes) (themes)
The adoption of Improved Improved data Benefits
14.0 exchange of management
technologies information
allowed to among
improve the workstations
exchange of
information among
workstations
Regarding Better
production and information
quality, we applied about
in these contexts production
the collection of performance

big data, therefore
all the information
about the
performance of
production plants.
By leveraging
such data
collection, we are
able to obtain
information about
the good quality
components and
conduct analyses
about the
production losses
The most relevant
benefit determined

Better and less
expensive

Higher client
satisfaction

by 14.0 service leading
technologies was  |to higher client
higher client satisfaction
satisfaction
because, in
addition to
improving the
product, we were
able to offer better
and less expensive
service
3D printers Advanced
supported manufacturing
initiatives of supporting
customization and | customization
customer and customer
Immersion, immersion

allowing to give
something more
substantial to the
client and to have
an added product
on his
customization

Appendix (see Table IV). The authors stopped the data collection
process when data saturation was reached, i.e., when data were
clear to the authors and redundant to address the RQs [80]. The
average length of the interview was 44 min. The interviews were
conducted in Italian via digital platforms (e.g., Microsoft Teams,
Skype). Table V in the Appendix shows the final semistructured
questionnaire used as a basis for dialogue.

B. Data Analysis

The interviews were analyzed through thematic analysis, i.e.,
“a method for identifying, analysing and reporting patterns
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(themes) within data” [81, p. 79]. The researcher does not relate
frequency with importance in conducting a thematic analysis but
focuses on the links between the emerged themes and the RQs
[82]. Following a verbatim transcription of the interviews that
resulted in 61 pages, one of the authors conducted the coding
process. Several discussions among the authors led to the final
classification of themes and subthemes. NVivo version 12, a
computer-assisted qualitative data analysis software, was used
only to support the categorization of the information in themes
and subthemes. The software did not play a relevant role in
the analysis per se; we leveraged the software to categorize the
information in the transcripts into nodes, subthemes, and themes.
As recommended by Saldana [83], a two-step coding process
was followed: 1) summarizing in a few words each relevant
section, which represents a theme or subtheme (nodes); and
2) reorganizing the list of nodes in themes and subthemes based
on similarities. In other words, the researcher involved in the cod-
ing adopted three coding approaches [84]. First, the researcher
adopted an open coding approach, i.e., the nodes were identified
by leveraging the description of the interviewees. Second, an
axial coding approach was adopted to identify the relationships
between the different nodes by further examining the transcripts
associated with each node. Last, a selective coding approach was
followed to identify “themes” linking the identified subthemes.
Table III reports an example of the coding process.

The analysis led to the definition of 14.0 technologies en-
abling OI initiatives (summarized in Section IV-A) and the
benefits and challenges of such I4.0 technologies (summarized in
Section IV-B).

C. Data Analysis

The authors ensured the reliability of the findings concerning
RQ2 by following and adapting the approach developed by Whit-
man and Woszczynski [86] and recently employed by Sainati
et al. [87]. In particular, the following set of questions, extracted
and/or adapted by Sainati et al. [87], was used to test three areas
of reliability criteria.

1) Representativeness of findings (confirmability).

a) Considering the different sources of the data collected and

analyzed, were the findings cross-confirmed?

2) Reproducibility of findings (dependability/audibility).

a) Was the method described in detail?

b) Was the method followed in detail?

c) Was the reflexive process described with sufficient detail?

3) Rigor of method (internal consistency).

a) Was the empirical evidence sufficiently connected to the

research results?

b) Was the abductive process sufficiently explicit?

We leveraged these questions throughout the research process
in order to ensure the reliability of the findings.

IV. FINDINGS
A. 14.0 Technologies Enabling Ol Initiatives

First, interviewees highlighted specific links between 14.0
technologies and OI initiatives. Fig. 2 summarizes the links

Augmented reality

Co-creation

\/

/ Collaborative
7. Problem Solving
/ ind Product Desi

Connectivity /!

J

Internet of things

Networking

O

Artificial intelligence r-._ -

J

Big data Crowdfunding

\

Cloud computi L v
ng J ) Customer
e . ’ immersion and
L ) customization

V

Social media —
platform:

i Operations in Open
Business Model

A

Digital platforms /

Robotics

i
i
I
i
i
/
/

] Industry 4.0 technologies

O Open Innovation initiatives

Fig. 2. 14.0 technologies enabling OI initiatives.

between 14.0 technologies and Ol initiatives mentioned by the
interviewees.

Second, in some cases, the interviewees highlighted “how”
14.0 technologies can enable Ol initiatives. Regarding the “how,”
Interviewee 03 stated: “Advanced manufacturing, additive man-
ufacturing, Internet of Things, and connectivity favoured ini-
tiatives of collaborative problem solving through collaborations
with universities and start-up [...]. Advanced manufacturing
certainly supported the initiative of collaborative problem solv-
ing and product design because it allowed us to exchange an in-
credibly huge amount of information at high speed; this was not
possible before [ ...]. Advanced manufacturing also supported
the networking because the speed at which we received the data
facilitated any collaboration.” Interviewee 10 focused on digital
platforms, highlighting that they “contributed to the exchange of
structured information; therefore, they had a relevant role for the
crowdfunding both regarding the security, but also to ensure a
structured data flow with elements that can guarantee workflows
and procedures.”

These findings are in line with those of Mubarak and Petraite
[88], who emphasized how the implementation of 14.0 technolo-
gies can serve as an efficient mechanism for optimizing the OI
network. In particular, Mubarak and Petraite [88] highlighted
how 14.0 technologies can facilitate cocreation, collaboration,
and partnership by emphasizing the significance of data sharing,
communication, and computation as fundamental components.

Moreover, Interviewee 07 argued: “We are much more reac-
tive in presenting the samples to the client and to have confirma-
tion that what the client has seen in a PowerPoint presentation
or in rendering is what he effectively wants.” Interestingly, two
interviewees highlighted the reverse link, i.e., an Ol initiative as
an enabler of one of the I4.0 technologies. Interviewee 07 argued:

—_—
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“The crowdfunding [...] is a practice that we adopted before
Industry 4.0 technologies, and one of the technologies that can
be associated with this practice could be artificial intelligence,
for which we are receiving substantial investments.” Moreover,
Interviewee 02 stated: “The opportunity to use these novel tech-
nologies [ ...] has been possible through the collaboration with
the Technological Institute X, which is expert of robotics [ ...].
It is essential working together and [ ...] the entire organisation
has to be keen to collaborate.”

B. Factors Influencing the Adoption of the Identified 14.0
Technologies

The thematic analysis led to the identification of two themes
(benefits and challenges) and seven subthemes. The “benefits”
theme includes four subthemes: improved data management,
reduced time to market, improved production phase, and in-
creased client satisfaction. The ‘“challenges” theme includes
three subthemes: lack of capabilities, resistance to change, and
security issues.

1) Benefits:

a) Improved data management: A relevant benefit deter-
mined by the 14.0 technologies is the improvement of data
management. Interviewee 03 highlighted how: “The areas where
we use Industry 4.0 technologies are Production, Quality and
R&D. Regarding Production and Quality, we applied in these
contexts the collection of Big Data, therefore all the information
about the performance of production plants. By leveraging such
data collection, we are able to obtain information about the
good quality components and conduct analyses about production
losses.” Moreover, Interviewee 07 argued: “The collection of
these Big Data allowed us to analyse the data coming from
sensors that we installed on some systems, such as security
cameras, temperature, height, and dimension sensors; [ ...] these
Big Data allow to conduct simulations on the lifetime of systems
and some pieces of machinery.” This evidence is in line with
[89], which discusses how emerging IT holds immense poten-
tial for manufacturing enterprises in enhancing data processing
efficiency and facilitating integration between equipment and
production lines.

b) Reduced time to market: Another key benefit men-
tioned by the interviewees is the reduction of the time to market.
On this matter, Interviewee 07 argued: “Regarding research and
development, the most relevant [ ...] benefit has certainly been
the reduction of product development time, because we are much
more reactive in presenting the samples to the client and having
a confirmation [ ...]; we can penetrate the market more quickly
[...]. Research and development hours have been reduced; we
moved from a 14—18 months schedule to a 6—7 month schedule.”
Previous studies also showed a reduction in time to market;
however, it was generally linked to the reduction of lead times
and as a consequence of the improvement in the automation of
activities [90], [91].

c) Improved production phase: The interviewees high-
lighted the improvement of the production phase as one of the
major benefits determined by the 14.0 technologies reported
in Fig. 2. For instance, Interviewee 07 stated: “We noticed
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an increased efficiency and a reduction of the scraps, [...] a
reduction of production losses due to the maintenance; [ ...]
intervening preventively and not after the breaking point [ ...]
reduces the production losses due to the wait for a spare part.”
Interviewee 01 provided a broader perspective, pointing out
that “such technologies allow a better business process man-
agement; in particular, a better warehouse and working phase
management. Therefore, the most relevant benefit is certainly
increasing the business efficiency.” Moreover, Interviewee 12
stated: “A benefit determined by these technologies is certainly
higher productivity; in fact, we found that the operator had an
improvement of 20-30% by those systems. Also, the mistakes
drastically reduced.” Interviewee 13 focused on the safety aspect
of the production phase, arguing: “We introduced a robot [ ...]
to verify the temperature [...] and introduced a camera in the
furnace which allows verifying the internal conditions of the
furnace. I carried out this activity by standing in front of [..] the
furnace for some seconds, but it was always a risky condition
and a very subjective analysis. Thanks to these robots, we can
safely analyse the images taken inside the furnace [...]; there
is greater precision in the decisions [...]. Therefore, in terms
of safety, these robots allowed to obtain more objective and less
risky analysis.” This finding is in line with previous contributions
that examined how 14.0 technologies are essential for achieving
the objectives of efficiency and effectiveness in the production
phase [92], [93].

d) Increased client satisfaction: Interviewees argued that
Ol enabling technologies also increase client satisfaction, stress-
ing the reasons behind such an increase. For instance, Intervie-
wee 06 stated: “The most relevant benefit determined by Industry
4.0 technologies was a higher client satisfaction because, in
addition to improving the product, we were able to offer better
and less expensive service.” On this matter, Interviewee 07
pointed out: “3D Printers supported initiatives of Customisation
and Customer Immersion, allowing to give something more
substantial to the client, and to have an added product on his
customisation.” On this matter, a study by Ali et al. [94] showed
how the main benefits of these technologies are customization
and personalization, even in mass production.

2) Challenges:

a) Lack of capabilities: A relevant challenge mentioned
by the interviewees is the lack of capabilities, which could hinder
the adoption of the identified 4.0 technologies. The interviewees
mostly stressed digital capabilities. For instance, Interviewee 04
stated: “If we look at the challenges [ ...], one was related to
human resources, which were not prepared at the managerial
level, given that digital training is different with respect to
the conventional one.” The interviewees suggested two main
remedies to overcome the lack of capabilities: 1) training of the
employees and 2) new hires. Regarding the training, Interviewee
05 stated: “We had to substantially invest in the reorganisation
of work because our procedures changed substantially both
in the design and production perspective; therefore, we had
to invest considerably in training.” Regarding the new hires,
Interviewee 02 argued: “In order to analyse the data coming
from the robots, [...] ultimately we realised that we did not
have those capabilities internally, we started [...] to include
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data scientists in our staff.” Although the lack of capabilities
(digital in particular) represents a relevant challenge to the
development and deployment of 14.0 technologies, according to
the interviewees, they also represent an opportunity to improve
the corporate culture. On this matter, Interviewee 02 highlighted:
“Certainly, there was an improvement of the corporate culture
because the digital transformation implies the opportunity to
share knowledge and skills that people have about products and
processes.” This challenge was also identified by Tay et al. [95].
In order to overcome this challenge, Tay et al. [95] suggest
that firms must be extremely agile and establish a high level of
resilience, management competencies, and structural flexibility.

b) Resistance to change: The resistance to change is also
a major challenge. On this matter, Interviewee Ol stated: “As
in all innovation projects, there is always the resistance to
change to some extent [ ...]; although things turn out simpler
over time, more optimised, the initial reaction is always that of
the resistance.” Furthermore, Interviewee 16 pointed out: “The
major problem was the involvement of different actors of several
workstations because there are often experienced people, but
they do not have the mindset ready for the Industry 4.0.” Inter-
viewee 02 focused on the remedies to the resistance to change:
“The first challenge was to bring the digital transformation in
the entire organisation [...]. The Chief Executive Officer and
the top management had an essential role in leading by being
a good example [...]; I was nominated Chief Digital Officer,
aiming to lead my colleagues towards digitalisation. Afterwards,
the change management disseminated the digitalisation culture.”
These results are consistent with Raj et al. [96], who stressed
how the resistance of employees hinders the implementation of
activities and adds unforeseen costs that could jeopardize the
digital transformation process of an organization.

c) Security issues: The theme of security (in particular
from cyber-attacks) was often stressed by the interviewees,
however, with controversial views. For instance, Interviewee
16 highlighted: “Another challenge is certainly cyber security
because we have to adapt to new regulations continuously.”
Interviewee 05 pointed out how the cyber security risks de-
pend on the dimensions of the companies, stating: “Regarding
the theme of cyber security [...], if we talk about small and
medium-sized enterprises, there are no big risks. The security
needs to be related to the dimension of the company,” whereas
Interviewee 06 does not consider the theme of cyber security
as an issue: “Regarding the theme of cyber security, we did not
find any difficulty [ ...]. Most of the services related to Industry
4.0 include security, while you had to build it in-house in the
past.” Previous contributions also stressed how cyber-attacks
might target information sharing and inventory management in
a digitalized supply chain with automated and linked systems
[97], [98].

V. DISCUSSIONS

The research presented in this article addressed two RQs.

RQ1: Which I4.0 technologies enable Ol initiatives?

RQ2: Which factors influence the implementation of OI en-
abling technologies?

The following two sections discuss the findings related to each

RQ.

A. RQI: Which I4.0 Technologies Enable OI Initiatives?

Fig. 2 in the previous section summarizes the responses of
the interviewees with respect to RQ1. Most interviewees agreed
on the enabling role of 14.0 technologies in implementing OI
initiatives and highlighted specific links between 14.0 technolo-
gies and Ol initiatives. The next part of this section discusses the
highlighted links, comparing them with the existing literature.
In particular, the interviewees pointed out the following links
for each Ol initiative that was mentioned.

1) Cocreation: Advanced manufacturing and augmented re-
ality play a relevant role in favoring cocreation initiatives.
The client plays a vital role in creating value in cocreation
[38], and advanced manufacturing can improve the control of
value-creation processes. Augmented reality is also a crucial
tool since producers and customers can engage more easily.
Additionally, Chi et al. [99] pointed out other 14.0 technologies
supporting cocreation initiatives, i.e., Internet of Things and
digital platforms. Moreover, the interviewees highlighted the
reverse link, i.e., cocreation initiatives supporting the adoption
of 14.0 technologies, specifically robotics. The reverse link is
also highlighted by Pedersen [100] in the public sector.

2) Collaborative Problem-Solving and Product Design:
Collaborating problem-solving and product design can be sup-
ported by the following 14.0 technologies: connectivity, ad-
vanced manufacturing, and the Internet of Things. Connectivity
tools can allow companies to monitor, analyze, and control re-
mote devices, thereby facilitating collaboration among the actors
involved in innovation projects. The introduction of advanced
manufacturing can speed up the prototyping phase, smoothing
the collaboration activities. The Internet of Things can support
collaboration by improving interaction. According to Aleksan-
drova et al. [101], blockchain technologies also represent a
relevant factor in enabling collaborative problem-solving and
product design by guaranteeing security and transparency of
the process. This assumes a higher relevance in the case of
business processes involving mutually unreliable parties in a
decentralized environment.

3) Networking: Advanced manufacturing can also support
the initiatives of networking by increasing the speed of informa-
tion exchange, thereby favoring collaboration initiatives. More-
over, advanced manufacturing systems are being used as time-
based competition weapons, taking advantage of economies of
scope and speed of action and enabling collaboration across the
value chain and industry boundaries. Other 14.0 technologies
that can be relevant from an OI perspective but did not emerge
from the interviews are digital platforms, which can facilitate
networking across the value chain and industry boundaries
[102], and blockchain technologies, which can increase the
security of the transactions in the network [17].

4) Crowdfunding: The interviewees pointed out the pivotal
role of digital platforms in supporting crowdfunding initiatives.
This is also stressed by Strazzullo et al. [4], which argue that
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the stratified and modular nature of the digital economy al-
lows new perspectives for openness. Digital platforms facilitate
the relationship between entrepreneurial projects and possible
crowdfunders. Indeed, entrepreneurs can promote their projects
and use the visibility of the platform to reach potential investors.
Furthermore, the literature points out that social networks play a
relevant role in this context, favoring connections and commu-
nications among users and promoting dissemination worldwide
[72], [103]. Of note, the interviewees also provided an example
of the reverse link, i.e., crowdfunding as an enabler for the
adoption of artificial intelligence.

5) Customer Immersion and Customization: Social media
and digital platforms have a key role in favoring the initiatives of
customer immersion and customization. Indeed, they facilitate
the tracking of trends in consumer interests, comparing similar
products, and designing an answer focused on addressing con-
sumer interests. However, the link between smart devices and
digital platforms contributes to data collection, but it can lead to
security issues. Therefore, firms should equip themselves with
cybersecurity technology to protect consumers’ sensitive data.
In contrast with the findings of this article, Ferras et al. [104]
conceptualized the reverse link, i.e., the substantial contribution
of 14.0 technologies (Big Data and artificial intelligence in par-
ticular) in supporting customer immersion and customization by
creating a more immersive experience. Moreover, Bonfanti et al.
[31] stressed the importance of virtual reality for a personalized
experience.

6) Operations in Open Business Model: 1t emerged a sub-
stantial contribution of 14.0 technologies for the operations

in the Open Business Model. In particular, technologies that
have a substantial influence are connectivity, Big Data, artificial
intelligence, and cloud computing. Cloud computing and Big
Data represent a tangible example of industrial connectivity
technology: by lowering connection and data storage costs, for
example, it is possible to use industrial applications to manage
asset performance, take advantage of predictive maintenance
services, and better control resource distribution. It is possible,
for example, to develop a more transparent and faster interaction
with external suppliers, allowing for lower inventory levels and
less transportation activities. The role of artificial intelligence
also emerged from the review of Strazzullo et al. [4], while Big
Data and cloud computing are not mentioned.

B. RQ2: Which Factors Influence the Implementation of Ol
Enabling Technologies?

This section discusses the benefits and challenges of the iden-
tified I4.0 technologies, also providing insights about the factors
that positively or negatively affect benefits and challenges. Fig. 3
summarizes the overall findings.

1) Benefits: The interviewees pointed out that I4.0 technolo-
gies improve the quantity and quality of data and facilitate data
sharing among the actors involved in the innovation process.
These factors contribute to the improvement of data manage-
ment. For instance, the data collected by such technologies
can enable companies to obtain detailed information about the
quality of the components and conduct analyses on those that are
the causes of production losses. Afterward, data can be classified
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and evaluated using other tools, including a series of reports
tailored to the user. In several cases, each main actor in the supply
chain can access the data and conduct deep analyses, ultimately
helping the firm in improving production KPIs. These findings
are in line with previous studies examining 14.0 technologies in
general, such as [105], [106], and [107]. The reduction of the
time to market is also seen as a relevant benefit by the inter-
viewees, which is often determined by a reduction of the R&D
time. In particular, 14.0 technologies improve and speed up the
relationship with the client by, for example, allowing multiple
feedback in a shorter time about a prototype. An interviewee
reported a reduction of the R&D time from 14-18 months to
6—7 months.

The improvement of the production phase is also a key
benefit of the identified 14.0 technologies. The main elements
determining such an improvement are increased efficiency, in-
creased safety, reduction of scraps, and preventive measures.
Regarding the increase in efficiency, this driver is also stressed
by Horvéthovd et al. [108], who point out the role of 14.0
technologies in increasing the efficiency of leather cutting
in the automotive industry. As summarized by Robla-Gomez
et al. [109], a relevant stream of literature focuses on the
safety aspects of human-robot collaboration, presenting sev-
eral related challenges (e.g., injuries due to collision). How-
ever, various procedures are now available to deal with this
issue.

Of note, the findings of this article highlight increased safety
due to the introduction of 4.0 technologies. Moreover, 14.0 tech-
nologies give the opportunity to preventively deal with potential
issues (e.g., breakage of production systems), thereby improving
the production phase. Another relevant benefit determined by
such technologies is an increase in client satisfaction. Three fac-
tors substantially contribute to this increase: cost effectiveness,
quality improvement, and customization.

2) Challenges: The challenges that emerged from the in-
terviews can be categorized into three main domains: lack of
capabilities, resistance to change, and security issues.

Regarding the first, companies are still in the early stages and
need to learn how to integrate digital technologies into their
processes. The lack of capability is also often discussed in the
literature as one of the main challenges for the development and
deployment of 14.0 technologies [110], [111], [112]; therefore,
these findings confirm such a stream of literature. Shamim et al.
[113] focused on the remedies, arguing that an appropriate
management approach is essential to develop the capabilities
needed for the implementation of 14.0 technologies.

Regarding the second domain (i.e., resistance to change),
the introduction of I4.0 technologies is not different from
other major changes; indeed, the employees are often not will-
ing (at least as a general and first approach) to change their
work routine. These findings are in line with the findings
of Raj et al. [96] in the general case of 14.0 technologies
and with the findings of Lee and Lee [114] in the specific
case of the Internet of Things. Additionally, the interviewees
suggested two main remedies to overcome such challenges,
i.e., an appropriate change management strategy and corporate
culture.

Regarding the third domain, security issues represent a rele-
vant challenge for adopting 14.0 technologies. Indeed, a cyber-
attack in the 14.0 field can have a disastrous impact, com-
promising activities, leading to the deterioration of products,
damage of systems and devices, downtime of production, and
consequent financial and reputational losses. Security issues are
also negatively influenced by frequent changes in regulations.

Fig. 3 summarizes the information presented and discussed
in Sections IV and V, highlighting the 14.0 technologies that
emerged as enablers of Ol initiatives (i.e., RQ1), along with the
factors (i.e., benefits and challenges) that influence the imple-
mentation of OI enabling technologies (i.e., RQ2). Addition-
ally, by leveraging the information in the previous section, we
included several elements that have a detrimental or beneficial
effect on the challenges and benefits identified.

VI. CONCLUSION, IMPLICATIONS, AND FUTURE RESEARCH
OPPORTUNITIES

A. Conclusion

Policymakers, practitioners, and academics are increasingly
discussing 14.0 technologies and Ol initiatives. Both the deploy-
ment of 14.0 technologies and the opening up of the innovation
process are essential for creating value-added for organizations
and society. Remarkably, these two domains are often discussed
separately both in the industrial and scientific literature. Most
of the studies often propose only claims or conceptualizations
about their link. This article addressed this gap in knowledge
by empirically investigating the link between 14.0 technologies
and OI initiatives. By leveraging interviews with practitioners
(with experience in both OI initiatives and 14.0 technologies),
this article addressed two RQs providing two main contributions.
Regarding the first RQ, “Which Industry 4.0 technologies enable
Open Innovation initiatives?”, the authors identified specific 14.0
technologies that enable OI initiatives, as reported in Fig. 2.
Moreover, the research led to identifying examples of the reverse
link, i.e., OI as an enabler of 14.0.

Regarding the second RQ, “Which factors influence the
implementation of Open Innovation enabling technologies?”,
the authors identified and examined four main benefits (i.e.,
improved data management, reduced time to market, improved
production phase, and increased client satisfaction) and three
main challenges (i.e., lack of capabilities, resistance to change,
and security issues). The authors presented a graphical repre-
sentation of the empirical findings in Fig. 3, highlighting the
factors influencing benefits and challenges. The findings are also
discussed through the lens of the existing literature in Section V.
According to the authors, such benefits could be increased, and
the challenges could be reduced or overcome by leveraging OI
initiatives. For instance, if collaboration initiatives are arranged
with an 14.0 experienced partner, the production phase could
be further improved by leveraging such an experience and, at
the same time, reducing the challenge related to the lack of
capabilities. OI can provide relevant advantages in the context
of 14.0, supporting companies in implementing digital solutions.
OI can reduce risks in innovation projects for the adoption of
advanced processes, reduce R&D costs, accelerate the adoption
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of new technological trends, better interact with the innovation
ecosystem, and identify new opportunities for business and
growth in the context of 14.0.

B. Practical Implications

This article has at least two main practical implications.

First, it identifies the benefits and challenges that arise from
the use of digital technologies associated with OI practices. In
particular, this article identifies and examines the following four
benefits:

1) improved data management;

2) reduced time to market;

3) improved production phase;

4) increased customer satisfaction.

Furthermore, this article identifies and examines three chal-
lenges: 1) lack of capabilities, 2) resistance to change, and
3) security issues. These benefits and challenges are relevant
for managers in the evaluation process leading to the decision to
adopt or not a combined use of technologies and OI practices.

Second, the several combinations of 14.0 and OI practices
identified, along with the benefits identified and examined
through the thematic analysis, can serve as a strategy for compa-
nies. For instance, managers aiming to increase customer satis-
faction can adopt cocreation practices enhanced by augmented
reality and advanced manufacturing. Additionally, companies
interested in adopting robotics could be supported by cocreation
solutions to improve the performance of the technology. The
benefits determined by the interplay of cocreation, advanced
manufacturing, and virtual reality are also presented in other
sectors, such as tourism and healthcare [115], [116]. Addition-
ally, in the automotive sector, there are several applications
of augmented reality for cocreation. Renault developed the
virtual showroom ““Virtual Studio,” where customers can view
their virtual vehicles from anywhere in the world and cocreate
their own models. Furthermore, practitioners could leverage the
link between collaborative problem-solving and product design
and IoT, connectivity and advanced manufacturing to improve
production processes. Indeed, the analysis shows how the man-
ufacturing phase can benefit from the use of this combination
of 14.0 technologies—OlI practices. A study by Deloitte is in line
with this result; indeed, it shows that, by introducing IoT, smart
objects can be designed in the product design phase, creating
an effective networked system [117]. Nike provides an example
of the integrated application of collaborative design and 1oT;
the company launched a new pair of trainers that adapt to the
shape of the wearer through remote control via smartphone. By
leveraging the IoT, wearers can modify the setting of the shows
according to their preferences.

C. Contribution to the Body of Knowledge

This study enriches the body of knowledge at the intersection
between the OI domain and the 14.0 domain. For instance, this
article shows, among others, how companies can benefit from
investing in I4.0 technologies in their OI strategies. One of the
most important contributions for academics is that the discussion
not only stays at the potential level but goes a step further by
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empirically examining the relationship between the OI domain
and the 14.0 domain, leveraging first-hand experience from
industry experts. Furthermore, Fig. 3 can be a valid reference
model for analyzing the collaborative use of 14.0 technologies
from an OI perspective.

D. Limitations and Future Research Opportunities

This study presents one main limitation. The list of “I4.0
technology—Ol initiative” links has been derived from a limited
number of interviewees. However, it represents an exploratory
attempt to define specific testable links. The next logical step is to
test such links involving a significant number of participants. The
findings of this article are a trigger for future exciting research
about OI initiatives and 4.0 technologies. According to the
authors, the following are particularly relevant areas for future
research.

1) Examining the relationship between I4.0 and Ol in specific

subsectors (e.g., automotive, construction).

2) Quantitatively investigating the economic merit of the link
(and of specific links) between 14.0 technologies and OI
initiatives.

3) Examining how OI initiatives can influence the benefits
and challenges of the identified 14.0 technologies.

4) Investigating the reverse link, i.e., how OI activities can
support the adoption of 14.0 technologies.

APPENDIX

TABLE IV
DETAILS ABOUT THE INTERVIEWEES

Company Role of the Date Industrial sector
informants
Company 1 Innovation Manager ~ 01/04/21 Information and
Communication
Technology

Company 2 Chief Digital Officer  03/05/21 Machinery
and Chief Executive
Officer

Company 3 Chief Information 07/04/21 Trade
Officer

Company 4 Executive Vice 20/04/21 Other manufacturing
President Digi&Met activities

Company 5 Chief  Information  07/04/21 Electronics
Officer

Company 6 Chief Information  16/04/21 Machinery
Officer

Company 7 Group Industrial ~ 20/04/21 Metallurgy
Director

Company 8 Operations Manager ~ 21/05/21 Machinery

Company 9 Managing Director 12/05/21 Food and Beverage

Company 10~ Chief Information  23/04/21 Electronics
Officer

Company 11 Vice President 05/05/21 Machinery

Company 12 Business 05/05/21 Transportation and
Development Logistics
Executive

Company 13 R&D Manager 03/05/21 Metallurgy

Company 14 Chief Executive  08/04/21 Paper and printers
Officer

Company 15 Head Of Digital 14/04/21 Rubber-plastic
Development

Company 16 ~ General Manager 17/06/21 Machinery
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TABLE V

SEMISTRUCTURED QUESTIONNAIRE QUESTIONS LAYOUT ADAPTED FROM [118]

Semi-structured questionnaire
questions

Purpose

1) Does your company adopt OI
initiatives?

2) In your company, in which areas
do you use 14.0 technologies?

Preliminary questions

3) Which of the following OI
initiatives your company has
adopted? (list of the initiatives')

RQ 1: Which 14.0 technologies
enable OI initiatives?

4) Which of the following 14.0

technologies your company has
implemented?
technologies?)

(list of the

5) According to your experience,
which of these technologies support
Ol initiatives?

6) What are the
implementing such technologies?

benefits of | RQ 2: Which factors influence the

implementation of OI enabling

7) What are the challenges of | technologies?
implementing such technologies?
ACKNOWLEDGMENT

The authors would like to thank C. La Rocca for her valuable
support in the data collection process.

(1]

[2]

[3]

[4]

(3]

[6]

(7]

(8]

[91

[10]

[11]

[12]

[13]

REFERENCES

V. Cirillo, L. Fanti, A. Mina, and A. Ricci, “New digital technologies
and firm performance in the Italian economy,” Ind. Innov., vol. 30,
pp. 159-188, 2022.

L. S. Dalenogare, G. B. Benitez, N. F. Ayala, and A. G. Frank, “The
expected contribution of Industry 4.0 technologies for industrial perfor-
mance,” Int. J. Prod. Econ., vol. 204, pp. 383-394, Oct. 2018.

L. Wang, M. Torngren, and M. Onori, “Current status and advancement
of cyber-physical systems in manufacturing,” J. Manuf. Syst., vol. 37,
pp. 517-527, Oct. 2015.

S. Strazzullo, L. Cricelli, M. Grimaldi, and G. Ferruzzi, “Con-
necting the path between open innovation and Industry 4.0: A re-
view of the literature,” IEEE Trans. Eng. Manage., pp. 1-13, 2022,
doi: 10.1109/TEM.2021.3139457.

M. Mohamed, “Challenges and benefits of Industry 4.0: An overview,”
Int. J. Supply Oper. Manage., vol. 5, no. 3, pp. 256265, Jun. 2018.

R. Ricci, D. Battaglia, and P. Neirotti, “External knowledge search,
opportunity recognition and Industry 4.0 adoption in SMEs,” Int. J. Prod.
Econ., vol. 240, Oct. 2021, Art. no. 108234.

J. R. Saura, D. Palacios-Marqués, and D. Ribeiro-Soriano, “Exploring
the boundaries of open innovation: Evidence from social media mining,”
Technovation, vol. 119, Jan. 2022, Art. no. 102447.

H. W. Chesbrough, Open Innovation: The New Imperative for Creating
and Profiting From Technology. Boston, MA, USA: Harvard Bus. School,
2003.

M. Bogers and J. West, “Managing distributed innovation: Strategic
utilization of open and user innovation,” Creativity Innov. Manage.,
vol. 21, no. 1, pp. 61-75, Mar. 2012.

M. Greco, M. Grimaldi, and L. Cricelli, “Benefits and costs of open
innovation: The BeCO framework,” Technol. Anal. Strategic Manage.,
vol. 31, no. 1, pp. 53-66, Jan. 2019.

R. Helm, H. Endres, and S. Hiisig, “When and how often to externally
commercialize technologies? A critical review of outbound open inno-
vation,” Rev. Managerial Sci., vol. 13, no. 2, pp. 327-345, Apr. 2019.
O. Gassmann, E. Enkel, and H. Chesbrough, “The future of open inno-
vation,” R&D Manage., vol. 40, no. 3, pp. 213-221, Feb. 2010.

M. Greco, S. Strazzullo, L. Cricelli, M. Grimaldi, and B. Mignacca, “The
fine line between success and failure: An analysis of open innovation
projects,” Eur. J. Innov. Manage., vol. 25, pp. 687-715, 2022.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

A. Crupi et al., “The digital transformation of SMEs—A new knowledge
broker called the digital innovation hub,” J. Knowl. Manage., vol. 24,
no. 6, pp. 1263-1288, Jun. 2020.

J. Costa and J. C. O. Matias, “Open Innovation 4.0 as an enhancer
of sustainable innovation ecosystems,” Sustainability, vol. 12, no. 19,
Oct. 2020, Art. no. 8112.

A. Urbinati, D. Chiaroni, V. Chiesa, and F. Frattini, “The role of digital
technologies in open innovation processes: An exploratory multiple case
study analysis,” R&D Manage., vol. 50, no. 1, pp. 136-160, 2020.

R. Lorenz, C. Benninghaus, T. Friedli, and T. H. Netland, “Digitization of
manufacturing: The role of external search,” Int. J. Oper. Prod. Manage.,
vol. 40, no. 7/8, pp. 1129-1152, Nov. 2020.

J. Pénin, C. Hussler, and T. Burger-Helmchen, “New shapes and new
stakes: A portrait of open innovation as a promising phenomenon,” J.
Innov. Econ., vol. 7, no. 1, pp. 11-29, 2011.

M. W. Wallin and G. Von Krogh, “Organizing for open innovation: Focus
on the integration of knowledge,” Org. Dyn., vol. 39, no. 2, pp. 145-154,
Apr. 2010.

P.-J. Barlatier, A.-L. Mention, and A. Misra, “The interplay of digital
technologies and the open innovation process: Benefits and challenges,”
in Managing Digital Open Innovation. Singapore: World Scientific,
May 2020, pp. 1-34.

B. Bigliardi, E. Bottani, and G. Casella, “Enabling technologies, appli-
cation areas and impact of Industry 4.0: A bibliographic analysis,” Proc.
Manuf., vol. 42, pp. 322-326, 2020.

C. C. Snow and J. B. Thomas, “Field research methods in strategic
management: Contributions to theory building and testing,” J. Manage.
Stud., vol. 31, no. 4, pp. 457480, Jul. 1994.

H. W. Chesbrough and M. Bogers, “Explicating open innovation: Clari-
fying an emerging paradigm for understanding innovation keywords,” in
New Frontiers in Open Innovation, H. W. Chesbrough, W. Vanhaverbeke,
and J. West, Eds. Oxford, U.K.: Oxford Univ. Press, 2014, pp. 3-28.

M. Bogers et al., “The open innovation research landscape: Established
perspectives and emerging themes across different levels of analysis,”
Ind. Innov., vol. 24, no. 1, pp. 8-40, Jan. 2017.

L. Dahlander and D. M. Gann, “How open is innovation?,” Res. Policy,
vol. 39, no. 6, pp. 699-709, Jul. 2010.

J. West, A. Salter, W. Vanhaverbeke, and H. Chesbrough, “Open innova-
tion: The nextdecade,” Res. Policy, vol. 43, no. 5, pp. 805-811, Jun. 2014.
T. Obradovi¢, B. Vlaci¢, and M. Dabi¢, “Open innovation in the manufac-
turing industry: A review and research agenda,” Technovation, vol. 102,
Apr. 2021, Art. no. 102221.

H. Gao, X. H. Ding, and S. Wu, “Exploring the domain of open inno-
vation: Bibliometric and content analyses,” J. Cleaner Prod., vol. 275,
Dec. 2020, Art. no. 122580.

L. Subtil de Oliveira, M. E. Echeveste, and M. N. Cortimiglia, “Critical
success factors for open innovation implementation,” J. Org. Change
Manage., vol. 31, no. 6, pp. 1283-1294, Nov. 2018.

S. M. C. Loureiro, J. Romero, and R. G. Bilro, “Stakeholder engagement
in co-creation processes for innovation: A systematic literature review
and case study,” J. Bus. Res., vol. 119, pp. 388—409, Oct. 2020.

A. Bonfanti, M. Del Giudice, and A. Papa, “Italian craft firms between
digital manufacturing, open innovation, and servitization,” J. Knowl.
Econ., vol. 9, no. 1, pp. 136-149, Mar. 2018.

S. Sag, B. Sezen, and L. Alpkan, “Determinants of open innovation
and their interrelations,” Int. J. Innov. Technol. Manage., vol. 16, no. 4,
Jun. 2019, Art. no. 1940001.

W. Ooms and R. Piepenbrink, “Open innovation for wicked problems:
Using proximity to overcome barriers,” Calif. Manage. Rev., vol. 63,n0.2,
pp- 62-100, Nov. 2020.

V. Gupta, S. J. M. Fernandez-Crehuet, and S. D. Milewski, “Academic-
startup partnerships to creating mutual value,” IEEE Eng. Manage. Rev.,
vol. 49, no. 2, pp. 57-62, Apr. 2021.

V. Cillo, R. Rialti, B. Bertoldi, and F. Ciampi, “Knowledge management
and open innovation in agri-food crowdfunding,” Brit. Food J., vol. 121,
no. 2, pp. 242-258, May 2019.

G. Pinarello, D. Trabucchi, F. Frattini, and V. Manfredi Latilla, “How
firms use inbound open innovation practices over time: Evidence from
an exploratory multiple case study analysis,” R&D Manage., vol. 52,
pp. 548-563, 2021.

W. Drechsler and M. Natter, “Understanding a firm’s openness decisions
in innovation,” J. Bus. Res., vol. 65, no. 3, pp. 438-445, Mar. 2012.

A. Lardo, D. Mancini, N. Paoloni, and G. Russo, “The perspective of
capability providers in creating a sustainable 14.0 environment,” Manage.
Decis., vol. 58, no. 8, pp. 1759-1777, Jul. 2020.


https://dx.doi.org/10.1109/TEM.2021.3139457

12

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

Y. Rosen, “How to measure and promote collaborative problem solving
skills in online environments?,” in Proc. Annu. Int. Res. Pract. Conf.,
Educ. Policy, 2014, pp. 1-24.

R. Harrison, “Crowdfunding and the revitalisation of the early stage risk
capital market: Catalyst or chimera?,” Venture Capital, vol. 15, no. 4,
pp. 283-287, Oct. 2013.

B. Gay, “Open innovation, networking, and business model dynamics:
The two sides,” J. Innov. Entrepreneurship, vol. 3, no. 2, pp. 1-20, 2014.
R. Yuana, E. A. Prasetio, R. Syarief, Y. Arkeman, and A. I. Suroso,
“System dynamic and simulation of business model innovation in digital
companies: An open innovation approach,” J. Open Innov. Technol.,
Market, Complexity, vol. 7, no. 4, Nov. 2021, Art. no. 219.

G. Culot, G. Nassimbeni, G. Orzes, and M. Sartor, “Behind the definition
of Industry 4.0: Analysis and open questions,” Int. J. Prod. Econ.,
vol. 226, Aug. 2020, Art. no. 107617.

I. Castelo-Branco, F. Cruz-Jesus, and T. Oliveira, “Assessing Industry 4.0
readiness in manufacturing: Evidence for the European Union,” Comput.
Ind., vol. 107, pp. 22-32, May 2019.

M. Hermann, T. Pentek, and B. Otto, “Design principles for Industrie
4.0 scenarios,” in Proc. Annu. Hawaii Int. Conf. System Sci., 2016,
pp. 3928-3937.

K. Schwab, The Fourth Industrial Revolution. New York, NY, USA:
Crown Business, 2017.

C. Marnewick and A. L. Marnewick, “The demands of Industry 4.0 on
project teams,” IEEE Trans. Eng. Manage., vol. 67, no. 3, pp. 941-949,
Aug. 2020.

Commission of the European Communities, “Preparing for our future:
Developing a common strategy for key enabling technologies in the EU,”
Document 52009DC0512, 2009.

L. D. Xu, E. L. Xu, and L. Li, “Industry 4.0: State of the art and future
trends,” Int. J. Prod. Res., vol. 56, no. 8, pp. 2941-2962, 2018.

A. G. Frank, L. S. Dalenogare, and N. F. Ayala, “Industry 4.0 technolo-
gies: Implementation patterns in manufacturing companies,” Int. J. Prod.
Econ., vol. 210, pp. 15-26, Apr. 2019.

E. Kristoffersen, F. Blomsma, P. Mikalef, and J. Li, “The smart circular
economy: A digital-enabled circular strategies framework for manufac-
turing companies,” J. Bus. Res., vol. 120, pp. 241-261, Nov. 2020.

M. Hizam-Hanafiah and M. A. Soomro, “The situation of technology
companies in Industry 4.0 and the open innovation,” J. Open Innov.,
Technol., Market, Complexity, vol. 7, no. 1, Jan. 2021, Art. no. 34.

D. de Paula, C. Marx, E. Wolf, C. Dremel, K. Cormican, and F. Ueber-
nickel, “A managerial mental model to drive innovation in the context of
digital transformation,” Ind. Innov., vol. 30, pp. 42-66, 2022.

J. Gardan, “Additive manufacturing technologies: State of the art and
trends,” Int. J. Prod. Res., vol. 54, no. 10, pp. 3118-3132, May 2015.
H.Lu, Y. Li, M. Chen, H. Kim, and S. Serikawa, “Brain intelligence: Go
beyond artificial intelligence,” Mobile Netw. Appl., vol. 23, pp. 368-375,
2018.

A. Gilchrist, “Introducing Industry 4.0,” in Industry 4.0. Berkeley, CA,
USA: Apress, 2016, pp. 195-215.

Y. Demchenko, P. Grosso, C. De Laat, and P. Membrey, “Addressing
big data issues in scientific data infrastructure,” in Proc. Int. Conf.
Collaboration Technol. Syst., 2013, pp. 48-55.

K. Rafique, A. W. Tareen, M. Saeed, J. Wu, and S. S. Qureshi, “Cloud
computing economics opportunities and challenges,” in Proc. IEEE 4th
Int. Conf. Broadband Netw. Multimedia Technol., 2011, pp. 401-406.
A. P. Castro-Martin et al., “Connectivity as a design feature for Industry
4.0 production equipment: Application for the development of an in-line
metrology system,” Appl. Sci., vol. 11, no. 3, Feb. 2021, Art. no. 1312.
G. Parker, M. Van Alstyne, and X. Jiang, “Platform ecosystems: How
developers invert the firm,” MIS Quart., Manage. Inf. Syst., vol. 41, no. 1,
pp. 255-266, Mar. 2017.

S. Madakam, R. Ramaswamy, S. Tripathi, S. Madakam, R. Ramaswamy,
and S. Tripathi, “Internet of Things (IoT): A literature review,” J. Comput.
Commun., vol. 3, no. 5, pp. 164—173, May 2015.

M. Javaid, A. Haleem, R. P. Singh, and R. Suman, “Substantial capabili-
ties of robotics in enhancing Industry 4.0 implementation,” Cogn. Robot.,
vol. 1, pp. 58-75, Jan. 2021.

F. de Oliveira Santini, W. J. Ladeira, D. C. Pinto, M. M. Herter, C. H.
Sampaio, and B. J. Babin, “Customer engagement in social media: A
framework and meta-analysis,” J. Acad. Marketing Sci., vol. 48, no. 6,
pp. 1211-1228, Nov. 2020.

R. G. Fichman, B. L. Dos Santos, and Z. Zheng, “Digital innovation
as a fundamental and powerful concept in the information systems
curriculum,” MIS Quart., Manage. Inf. Syst., vol. 38, no. 2, pp. 329-353,
Jun. 2014.

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]
[77]

[78]

[79]

[80]

[81]

[82]

[83]
[84]

[85]

[86]

[87]

[88]

[89]

IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT

D. R. Sjodin, V. Parida, M. Leksell, and A. Petrovic, “Smart factory
implementation and process innovation: A preliminary maturity model
for leveraging digitalization in manufacturing,” Res. Technol. Manage.,
vol. 61, no. 5, pp. 22-31, Sep. 2018.

L. Bengtsson and N. Ryzhkova, “Managing a strategic source of inno-
vation: Online users,” Int. J. Inf. Manage., vol. 33, no. 4, pp. 655-662,
2013.

E. von Hippel, “Democratizing innovation: The evolving phenomenon
of user innovation,” J. fur Betriebswirtschaft, vol. 55, no. 1, pp. 63-78,
2005.

Y. Yoo, R. J. Boland, K. Lyytinen, and A. Majchrzak, “Organizing for in-
novation in the digitized world,” Org. Sci., vol. 23, no. 5, pp. 1398-1408,
Oct. 2012.

N. Berente, T. Gregory, and J. Howison, “Digital technologies and
patterns of distributed innovation,” in Proc. Americas Conf. Inf. Syst.,
2015, pp. 1-10.

M. Boons and D. Stam, “Crowdsourcing for innovation: How related
and unrelated perspectives interact to increase creative performance,”
Res. Policy, vol. 48, no. 7, pp. 1758-1770, Sep. 2019.

B. Lange and H. J. Biirkner, “Flexible value creation: Conceptual pre-
requisites and empirical explorations in open workshops,” Geoforum,
vol. 88, pp. 96-104, 2018.

H. Forbes and D. Schaefer, “Social product development: The democ-
ratization of design, manufacture and innovation,” Proc. CIRP, vol. 60,
pp. 404-409, 2017.

W. W. Fok, “Delineating crowd sourced ownership in the digital age for
the built environment,” in Proc. 20th Int. Conf. Comput.-Aided Archi-
tectural Des. Res. Asia, Emerg. Experiences Past, Present Future Digit.
Archit., 2015, pp. 1-10.

F. Cappa, F. Rosso, and A. Capaldo, “Visitor-sensing: Involving the crowd
in cultural heritage organizations,” Sustainability, vol. 12, no. 4, 2020,
Art. no. 1445.

M. Yang and C. Han, “Stimulating innovation: Managing peer interaction
for idea generation on digital innovation platforms,” J. Bus. Res., vol. 125,
pp. 456-465, Mar. 2021.

M. Saunders, P. Lewis, and A. Thornhill, Research Methods for Business
Students, 6th ed. Harlow, U.K.: Pearson Educ. Ltd., 2012.

H.J. Rubin and L. S. Rubin, Qualitative Interviewing: The Art of Hearing
Data. Newbury Park, CA, USA: Sage, 2011.

B. Mignacca and G. Locatelli, “Modular circular economy in energy
infrastructure projects: Enabling factors and barriers,” J. Manage. Eng.,
vol. 37, no. 5, 2021, Art. no. 04021053.

L. A. Palinkas, S. M. Horwitz, C. A. Green, J. P. Wisdom, N. Duan,
and K. Hoagwood, “Purposeful sampling for qualitative data collection
and analysis in mixed method implementation research,” Admin. Policy
Ment. Health Ment. Health Serv. Res., vol. 42, no. 5, pp. 533-544,
Sep. 2015.

M. M. Hennink, B. N. Kaiser, and V. C. Marconi, “Code saturation versus
meaning saturation: How many interviews are enough?,” Qualitative
Health Res., vol. 27, no. 4, pp. 591-608, Mar. 2017.

V. Braun and V. Clarke, “Using thematic analysis in psychology,” Qual.
Res. Psychol., vol. 3, no. 2, pp. 77-101, 2006.

M. Vaismoradi, H. Turunen, and T. Bondas, “Content analysis and
thematic analysis: Implications for conducting a qualitative descriptive
study,” Nurs. Health Sci., vol. 15, no. 3, pp. 398-405, 2013.

J. Saldana, The Coding Manual for Qualitative Researchers. Newbury
Park, CA, USA: Sage, 2015.

M. Saunders, P. Lewis, and A. Thornhill, Research Methods for Business
Students, 8th ed. Harlow, U.K.: Pearson, 2019.

D.C.Invernizzi, G. Locatelli, M. Grongvist, and N. J. Brookes, “Applying
value management when it seems that there is no value to be managed:
The case of nuclear decommissioning,” Int. J. Project Manage., vol. 37,
no. 5, pp. 668-683, 2019.

M. Whitman and A. Woszczynski, The Handbook of Information Systems
Research. Hershey, PA, USA: IGI Global, 2011.

T. Sainati, G. Locatelli, N. Smith, N. Brookes, and G. Olver,
“Types and functions of special purpose vehicles in infrastructure
megaprojects,” Int. J. Project Manage., vol. 38, no. 5, pp. 243-255,
Jul. 2020.

M. F. Mubarak and M. Petraite, “Industry 4.0 technologies, dig-
ital trust and technological orientation: What matters in open in-
novation?,” Technol. Forecast. Soc. Change, vol. 161, no. 9, 2020,
Art. no. 120332.

Y. Chen, Z. Han, K. Cao, X. Zheng, and X. Xu, “Manufacturing upgrading
in Industry 4.0 era,” Syst. Res. Behav. Sci., vol. 37, no. 4, pp. 766-771,
2020.



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

STRAZZULLO et al.: INDUSTRY 4.0 AS AN ENABLER OF OPEN INNOVATION

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

T. D. Oesterreich and F. Teuteberg, “Understanding the implications of
digitisation and automation in the context of Industry 4.0: A triangulation
approach and elements of a research agenda for the construction industry,”
Comput. Ind., vol. 83, pp. 121-139, Dec. 2016.

M. Sony, J. Antony, O. Mc Dermott, and J. A. Garza-Reyes, “An empir-
ical examination of benefits, challenges, and critical success factors of
Industry 4.0 in manufacturing and service sector,” Technol. Soc., vol. 67,
2021, Art. no. 101754.

C. O.Klingenberg, M. A. V. Borges, and J. A. V. Antunes, “Industry 4.0 as
a data-driven paradigm: A systematic literature review on technologies,”
J. Manuf. Technol. Manage., vol. 32, no. 3, pp. 570-592, 2021.

V. G. N. Rahul S Mor, P. P. Srivastava, Richika, and S. Varshney,
“Challenges and benefits of Industry 4.0: An overview,” Int. J. Supply
Oper. Manage., vol. 7, no. 3, pp. 295-298, 2019.

M. Ali, B. Salah, and T. Habib, “Utilizing Industry 4.0-related technolo-
gies and modern techniques for manufacturing customized products—
Smart yogurt filling system,” J. Eng. Res., 2023, Art. no. 100144.

S. L. Tay, J. Alipal, and T. C. Lee, “Industry 4.0: Current practice and
challenges in Malaysian manufacturing firms,” Technol. Soc., vol. 67,
2021, Art. no. 101749.

A. Raj, G. Dwivedi, A. Sharma, A. B. Lopes de Sousa Jabbour, and
S. Rajak, “Barriers to the adoption of Industry 4.0 technologies in the
manufacturing sector: An inter-country comparative perspective,” Int. J.
Prod. Econ., vol. 224, Jun. 2020, Art. no. 107546.

A. Corallo, M. Lazoi, M. Lezzi, and A. Luperto, “Cybersecurity aware-
ness in the context of the industrial internet of things: A systematic
literature review,” Comput. Ind., vol. 137, 2022, Art. no. 103614.

Y. Fernando, M. L. Tseng, I. S. Wahyuni-Td, A. B. L. de Sousa Jabbour, C.
J. Chiappetta Jabbour, and C. Foropon, “Cyber supply chain risk manage-
ment and performance in Industry 4.0 era: Information system security
practices in Malaysia,” J. Ind. Prod. Eng., vol. 40, no. 2, pp. 102-116,
2023.

M. Chi, W. Wang, X. Lu, and J. F. George, “Antecedents and outcomes
of collaborative innovation capabilities on the platform collaboration
environment,” Int. J. Inf. Manage., vol. 43, pp. 273-283, Dec. 2018.

K. Pedersen, “What can open innovation be used for and how does
it create value?,” Government Inf. Quart., vol. 37, no. 2, Apr. 2020,
Art. no. 101459.

E. Aleksandrova, V. Vinogradova, and G. Tokunova, “Integration of
digital technologies in the field of construction in the Russian Federation,”
Eng. Manage. Prod. Serv., vol. 11, no. 3, pp. 38-47, Sep. 2019.

G. Juell-Skielse and A. H. Jordanius, “Accelerating open digital innova-
tion in the automotive industry: Action design research in progress,” in
Proc. 28th Australas. Conf. Inf. Syst., 2017, pp. 1-9.

D. Frydrych, A. J. Bock, T. Kinder, and B. Koeck, “Exploring en-
trepreneurial legitimacy in reward-based crowdfunding,” Venture Cap-
ital, vol. 16, no. 3, pp. 247-269, 2014.

X. Ferras, E. L. Hitchen, E. Tarrats-Pons, and N. Arimany-Serrat, “Smart
tourism empowered by artificial intelligence: The case of Lanzarote,” J.
Cases Inf. Technol., vol. 22, no. 1, pp. 1-13, Jan. 2020.

M. Ghobakhloo, “Industry 4.0, digitization, and opportunities for sus-
tainability,” J. Cleaner Prod., vol. 252, 2020, Art. no. 119869.

E. Gabriel Margherita and A. Maria Braccini, “Socio-technical perspec-
tives in the Fourth Industrial Revolution—Analysing the three main
visions: Industry 4.0, the socially sustainable factory of Operator 4.0
and Industry 5.0,” in Proc. 7th Int. Workshop Socio-Tech. Perspective IS
Develop., 2021, pp. 74-82.

M. Sony and S. Naik, “Key ingredients for evaluating Industry 4.0
readiness for organizations: A literature review,” Benchmarking, vol. 27,
no. 7, pp. 2213-2232, Aug. 2020.

M. Horvithovd, R. Lacko, and Z. Hajduovd, “Using Industry 4.0
concept—Digital twin—To improve the efficiency of leather cutting in
automotive industry,” Qual. Innov. Prosperity, vol. 23, no. 2, pp. 01-12,
Jul. 2019.

S. Robla-Gomez, V. M. Becerra, J. R. Llata, E. Gonzalez-Sarabia, C.
Torre-Ferrero, and J. Perez-Oria, “Working together: A review on safe
human-robot collaboration in industrial environments,” IEEE Access,
vol. 5, pp. 26754-26773, 2017.

F. Bienhaus and A. Haddud, “Procurement 4.0: Factors influencing the
digitisation of procurement and supply chains,” Bus. Process Manage. J.,
vol. 24, no. 4, pp. 965-984, Jun. 2018.

A. De Carolis, M. Macchi, E. Negri, and S. Terzi, “A maturity model for
assessing the digital readiness of manufacturing companies,” IFIP Adyv.
Inf. Commun. Technol., vol. 513, pp. 13-20, 2017.

[112] C. G. Machado, M. Winroth, D. Carlsson, P. Almstrom, V. Centerholt,
and M. Hallin, “Industry 4.0 readiness in manufacturing companies:
Challenges and enablers towards increased digitalization,” Proc. CIRP,
vol. 81, pp. 1113-1118, Jan. 2019.

[113] S. Shamim, S. Cang, H. Yu, and Y. Li, “Management approaches for
Industry 4.0: A human resource management perspective,” in Proc. EEE
Congr. Evol. Comput., Nov. 2016, pp. 5309-5316.

[114] I. Lee and K. Lee, “The Internet of Things (IoT): Applications, in-
vestments, and challenges for enterprises,” Bus. Horiz., vol. 58, no. 4,
pp- 431440, 2015.

[115] T. H. Jung and M. C. Tom Dieck, “Augmented reality, virtual reality
and 3D printing for the co-creation of value for the visitor experience
at cultural heritage places,” J. Place Manage. Develop., vol. 10, no. 2,
pp. 140-151, 2017.

[116] A. Chaudhuri, H. Naseraldin, and G. Narayanamurthy, “Healthcare 3D
printing service innovation: Resources and capabilities for value co-
creation,” Technovation, vol. 121, Mar. 2023, Art. no. 102596.

[117] B. Sniderman, G. Gorman, J. Holdowsky, J. Mariani, and B. Dalton, The
Design of Things: Building in loT Connectivity: The Internet of Things in
Product Design: A Research Collaboration Between Deloitte and IBM.
Austin, TX, USA: Deloitte Univ. Press, 2016, pp. 1-20.

[118] G. Locatelli, M. Greco, D. C. Invernizzi, M. Grimaldi, and S. Mal-
izia, “What about the people? Micro-foundations of open innovation
in megaprojects,” Int. J. Project Manage., vol. 39, no. 2, pp. 115-127,
Feb. 2021.

Serena Strazzullo was born in Naples, Italy, in 1993.
She received the B.S. and M.S. degrees in manage-
ment engineering and the title of Doctor Europzus
with a Ph.D. degree in industrial engineering from
the University of Naples Federico II, Napoli, Italy, in
2015, 2018, and 2021, respectively.

She is currently an Assistant Professor with the
University of Naples Federico II. Her research inter-
ests include cross-disciplinary focus in the fields of
sustainable supply chain management, Industry 4.0
technologies, and operations management.

Benito Mignacca was born in Piedimonte Matese
(CE), Italy, in 1991. He received the Ph.D. degree in
civil engineering from the University of Leeds, Leeds,
U.K., in 2021.

He is currently a Lecturer in Management Engi-
neering with the University of Cassino and South-
ern Lazio, Cassino, Italy. Before joining the Uni-
versity of Cassino in 2022, he was a Research
Fellow with the University of Leeds in 2021.
His research has been published, among others,
in Energy Policy, Journal of Management in En-
gineering, Renewable and Sustainable Energy Reviews, Applied Energy,
and Energy.

Dr. Mignacca was the recipient of the 2021 Postgraduate Award (Academic
Performance Category) and the 2022 Postgraduate Award (Outstanding Thesis
Category) at the University of Leeds.

Michele Grimaldi was born in Rome, Italy, in 1978.
He received the B.S., M.S., M.B.A., and Ph.D. de-
grees in management engineering from the University
of Rome “Tor Vergata,” Rome, Italy, in 2001, 2002,
2003, and 2005, respectively.

He is currently a Full Professor of Industrial Sys-
tems Economics with the University of Cassino and
Southern Lazio, Cassino, Italy. He has authored more
than 110 papers in conference proceedings and in-
ternational journals. His research interests include
open innovation, intellectual property management,
and intellectual capital management.



This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

14 IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT

Marco Greco was born in Rome, Italy, in 1982. He
received his B.S., M.S., M.B.A., and PhD degrees
in management engineering from the University of
Rome “Tor Vergata,” Rome, Italy, in 2004, 2006,
2007, and 2009, respectively. He is an Associate
Professor in Economic and Managerial Engineering
with the University of Cassino and Southern Lazio,
Cassino, Italy. His research interests include open
innovation, intellectual capital, intellectual property,
and project management.

Livio Cricelli was born in Naples, Italy, in 1966. He
received the M.S. degree in aeronautical engineering
from the University of Naples Federico II, Napoli,
Italy, in 1991, and the Ph.D. degree in management
engineering from the University of Rome “Tor Ver-
gata,” Rome, Italy, in 1998.

He is currently a Full Professor in Management
Engineering with the Industrial Engineering Depart-
ment, University of Naples Federico II. He has au-
thored more than 150 articles. His research interests
include innovation management, knowledge manage-

ment, intellectual property management, and digital supply chain.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


