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ABSTRACT Open innovation, which blurs the boundaries of organizations using inflows and outflows of
knowledge to boost their innovation processes, has transformed the innovation paradigm, evolving from
higher degrees of protectionism to cooperative relationships. Nevertheless, frequently the management of
the huge amount of information and data generated in an open innovation ecosystem requires the use of
information and communication technologies. In this context, artificial intelligence can be a major help to
profit from all the opportunities derived from open innovation. Considering the growing body of academic
literature dealing with the use of artificial intelligence tools in the context of open innovation environments,
the objective of this article is revealing the main references, the academic trends and the hottest topics
dealing with this subject, disentangling the knowledge structure of the research through a bibliometric
analysis carried out over 63 papers selected from Web of Science database, using both co-word analysis
and bibliographic coupling. The recent burst in the academic production anticipates a potentially massive
interest in this topic, which is studied by the literature at three different levels (operational, managerial,
and social). This study reveals the existence of relevant research opportunities, specially related with the
management of the potential conflicts that may stem from the fuzzy ownership of the data generated by an
artificial intelligence, and the roles of the different agents in such context.

INDEX TERMS Al, artificial intelligence, bibliometric analysis, innovation ecosystems, OI, open innova-
tion, value co-creation.

I. INTRODUCTION

The term open innovation (OI) was firstly used by the
American Professor Henry Chesbrough in 2003. Chesbrough
explores the transition of corporations from traditional
‘closed innovation’” approaches to a more inclusive and col-
laborative method of fostering innovation (OI) [1]. Therefore,
Chesbrough defines OI as “the use of purposive inflows and
outflows of knowledge to accelerate internal innovation, and
expand the markets for external use of innovation, respec-
tively” [2].
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Westerman et al. [3] define digital transformation as the use
of digital technologies in an organization to radically improve
its performance and scope. One of the technologies involved
in many processes of digital transformation is Artificial Intel-
ligence (Al) [4], within the context of what has been called
the Fourth Industrial Revolution (Industry 4.0) [5], [6].

According to the recent academic literature, the combi-
nation of OI and Al enables the creation of new intelligent
systems oriented to improve the efficiency of business pro-
cesses [7], [8], giving birth to new business models [7].
This convergence of Al and OI has caught the attention of
the academics, giving birth to a growing body of scientific
literature [9], [10], [11], [12].
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Until this moment, just one paper has delivered a review of
the literature related with the link between OI and Al [10].
The purpose of that study “is to investigate the research
streams of artificial intelligence and digital transformation
to provide a deeper understanding of how companies can
transform their business processes with artificial intelligence
and use artificial intelligence technologies to manage open
innovation” [10]. This purpose has led to the inclusion of
the term ‘‘business model’ in the document search, which
restricted the analysis to just 23 articles. Though the rela-
tionship between OI and Al has a clear impact on business
models, there are some other perspectives to analyze this
literature that should be considered.

Therefore, there is still a need to study the academic pro-
duction dealing with OI and Al from a holistic perspective,
which can help the academic community to identify the main
topics inside this research field, shedding a light on the fore-
seeable evolution of the research agenda dealing with the use
of Al in OI ecosystems.

This article aims to thoroughly analyze the status of the
research related to the application of Al technologies in OI
ecosystems/processes, in order to disentangle the knowledge
structure of this research area, dealing with the follow-
ing research questions: 1) Which are the main authors and
the most important papers dealing with the application of
Al technologies in OI ecosystems?; 2) What are the main
research topics dealing with the application of Al technolo-
gies in OI ecosystems?; 3) Which are the current research
trends of Al technologies in OI ecosystems?

The answer to these three questions will be delivered
through bibliometric analysis, which can be considered a
standard when it comes to understanding the state of the
art of a scientific field [13]. The use of bibliometric tech-
niques has solved the problems stemming from traditional
literature reviews, increasing the objectivity of the evaluation
of academic progress. Specifically, in order to answer the
first research question, a productivity analysis of the main
sources and authors has been carried out. The second research
question is boarded using co-word analysis, while a biblio-
graphic coupling analysis has been carried out to deal with
the third one, following the methodological path of previous
reviews [14], [15].

After a brief theoretical framework (section II), which digs
into the relationship between OI ecosystems and Al, the
methodological section of this article (section III) presents
the most appropriate bibliometric techniques in order to face
the three research questions. The results of the analysis and
their discussion are then abridged into section IV. Finally, the
conclusions (section V) summarize the main findings of this
study.

Il. THEORETICAL FRAMEWORK. OPEN INNOVATION,
DIGITAL TRANSFORMATION AND ARTIFICIAL
INTELLIGENCE

As a result of the use of OI, considering the transparency
exhibited in its inputs and outputs, OI has subsequently
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transformed the innovation paradigm [16], [17], giving birth
to a new one that emphasizes the critical role of the
exchange of knowledge and resources, both within and
between organizations, in order to facilitate innovative activ-
ities [18]. Thus, OI can foster business ecosystems [19],
while pushing new business strategies [20]. In the words of
Alam et al. [21], OI can help to move from egosystems, tradi-
tional competitive environments where companies try to grant
themselves a complete control over innovative resources,
to OI ecosystems, participative contexts where organizations
share knowledge resources across their boundaries.

A growing number of studies have found a positive associa-
tion between OI and business performance, as it leads to arise
in the innovation activities of organizations [22], [23], [24],
[25], [26], [27], which can in turn lead to new technological
developments, as many academic papers show [28], [29],
[30], [31].

According to Schwab [32], digitally transforming an orga-
nization goes much further than just digitalizing it, generating
on organizational change where people, processes and busi-
ness model use technology as a value generation tool for all
the stakeholders.

OI is taking advantage of the digital transformation of
organizations and society, through the development of new
technologies [33], [34]. Amongst the different new tools,
the potential of Al based technologies to create an adequate
context that facilitates the exchange of information and data
between different organizations, decisively pushing OI, must
be stressed [9], [35].

The deployment of new business analytics capabilities
can enhance competitive advantages in firms, optimizing
the management of data/information generated by an OI
ecosystem [36], [37]. The use of Al tools in OI ecosystems
can establish the perfect breeding ground for entrepreneur-
ship [38], [39], as well as contribute to the generation of
sustainable applications in the context of OI ecosystems
[40], [41].

One of the areas where Al means a major help for OI
ecosystems is information and data management. Accord-
ing to Bahoo et al. [42], the combined development of Al
along with big data management and the internet of things
represents an opportunity for organizations in OI ecosys-
tems, maximizing their efficiency in data collection and
processing [23], [43]. Text mining and machine learning
Al techniques assist companies in the management of the
substantial volume of information released within an OI
ecosystem [44]. The implementation of Al developments to
explore open access knowledge repositories con also boost
an Ol ecosystem [45]. Moreover, text mining Al technologies
are valuable to identify possible OI partners [46].

The use of Al technologies in the context of OI ecosystems
has led to improvements in different areas and industries.
It has helped to create new customer experiences in the
tourism sector, enabling the development of smart destina-
tions [47], [48]; in the area of healthcare, there have been
noteworthy improvements dealing with illness prevention,
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diagnostic methods, and the development of novel and more
efficient therapies [49], [50], [51]; in the agriculture and food
industries, the generation of Al developments can lead to
value co-creation and OI ecosystems [43].

Consequently, there is a growing amount of business ini-
tiatives and projects related with data and Al, frequently
spurred by public administrations [11], and OI ecosystems
are pushing the digital transformation of organizations [52],
[53], favoring the use of externally generated technologies in
organizations [54], [55].

lll. METHODOLOGY

A. SELECTION OF DOCUMENTS AND KEYWORDS

To carry out the selection of documents, Web of Science
(WoS) database, which is commonly utilized for bibliometric
research [56], particularly in the field of social sciences [57],
has been used. Table 1 reflects the search strategy used.

TABLE 1. Search protocol.

Type of Search

Period Database .
document Criteria

Keywords

-Science
Citation
Index
Expanded

-Social

Sciences

Citation
-Article Index

("open innovation"
or open-innovation)
and ("artificial
intelligence" or
artificial-intelligence
or "AI")

Until search
date (9
November
2023)

Topic
-Arts &
Humanities
Citation
Index

-Review

-Emerging
Sources
Citation

Index

This search led to an initial selection of 72 academic
papers. After a thorough review conducted jointly by the
authors of this paper, eliminating those which didn’t have a
direct relationship with the topic analyzed, a final selection
of 63 studies was chosen.

B. EVALUATIVE TECHNIQUES

Evaluative techniques, such as the analysis of the evolution
of the number of publications per year, or their classification
regarding the journal or author(s), reveal the scientific impact
and relevance of a research topic [58]. The concentration of
papers in a given number of countries and institutions fre-
quently reveals the degree of maturity of a research topic [59].
So, the use of productivity analysis, an evaluative technique
which can be considered the starting point of bibliometric
analysis [60], will provide an answer to research question
#1 (Which are the main authors and the most important
papers dealing with the application of Al technologies in
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OI ecosystems?). Therefore, a first approach to the literature
regarding the use of Al in OI ecosystems will be carried out
using some of the most frequent productivity analysis.

C. CO-WORD ANALYSIS

The bibliometric technique of co-word analysis was applied
using the SciMAT software [61] to identify various intercon-
nected themes related to OI and Al in the academic literature.
This technique enables the identification of the relationships
between the themes represented by the keywords found in the
papers [62], giving an answer to research question #2 (What
are the main research topics dealing with the application of
Al technologies in OI ecosystems?).

In that sense, the article keywords were filtered following
the criteria applied by Corrales-Garay et al. [63]:

-Initial number of keywords: 458.

-Synonymous terms (e.g., “Artificial Intelligence”, “AI’")
were grouped as a single keyword.

-Terms that appear in their singular and plural forms
(e.g., “Dynamic Capability”, ‘““Dynamic Capabilities’’) were
grouped as the singular form.

-Derived terms (e.g., “‘entrepreneurs’’ and “‘entrepreneur-
ship’”) were grouped.

-General terms that don’t provide enough information for
the study were removed (e.g., “Framework™, “Context”,
“Information’).

-Total number of keywords after filtering: 385.

The study is thereafter conducted by computing the
co-occurrence matrix and equivalence index [64]. Then, the
simple centers algorithm technique has been used to produce
keyword subgroups [65]. Finally, thematic networks were
established, with a maximum network size of 12 and mini-
mum network size of 3.

Callon et al. [64] proposed using centrality and density
measurements to create a strategic diagram that categorizes
thematic networks into the following groups: emerging or dis-
appearing topics, more developed and isolated topics, motor
topics, and basic and transversal topics.

D. BIBLIOGRAPHIC COUPLING

Bibliographic coupling is one of the most popular biblio-
metric techniques used to outline the main trends inside a
thematic field [66]. Coupling takes place when two papers
reference the same document, revealing a more than likely
relationship between both works, as they share the same
theoretical/empirical bases [57]. Though co-word analysis
is more spread amongst the scientific community, coupling
shows some advantages, such as a better treatment of the
most recent literature, something especially interesting in a
research field which can still be considered young. Therefore,
bibliographic coupling can be considered an ideal technique
to deal with research question #3 (Which are the current
research trends of Al technologies in OI ecosystems?), as it
helps to identify the hottest research topics in this research
field.
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A bibliographic coupling analysis was carried out over the
selection of 63 papers, using VOS Viewer software [67].

IV. RESULTS AND DISCUSSION

A. MAIN AUTHORS AND KEY SCIENTIFIC CONTRIBUTIONS
Fig. 1 shows the distribution per year of the 63 articles
included in the selection, published from 2011 to 2023. The
first paper regarding this topic was published in 2011 in the
Journal of Universal Computer Science [68], with a lim-
ited academic impact, as it has been cited just seven times
according to Web of Science Core Collection. After some
years of scarce attention of the Research community, the
interest in this topic started to grow in 2019, experiencing
an exponential growth from 2020, with an extraordinary new
impulse in 2023. So, from 2020 on the academic community
has experienced a burst in the research regarding the use of
Al in OI environments: in these four years, 57 new papers
were published, achieving in that period 755 citations (Web
of Science Core Collection).

25
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1
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10
10
5
3
SRR
o HE mE =

2011 2016 2017 2019 2020 2021 2022 2023

| Historical evolution of publications

FIGURE 1. Historical evolution of publications.

Two phenomena can explain this evolution, that could be
even considered a paradigmatic change. 2020 was a critical
year in the digital transformation of many industries, and even
of our entire lives, due to the pandemic caused by COVID-19
disease, and the isolation measures derived from it. In a world
where the majority of the population, including research pro-
fessionals, had to work separately, value co-creation became
a critical tool, spurring the cooperation of different agents in
Ol environments sharing their knowledge and data. 2023 was,
in turn, the year of Al, which has been the center of the
social conversation since the launch of Chat GPT the 20th
of November of 2022. The opportunities brought by this new
generation of Al based tools couldn’t be, and was not, ignored
by the researchers, especially in contexts related to innovation
such as OI ecosystems.

Table 2 gathers the main journals that have published
papers about this topic. Only four of them have included
more than one article: Journal of Business Research (JCR
Q1), Sustainability (JCR Q2), Business Process Management
Journal (JCR Q3) and Science Technology and Society (JCR
Q4), while the other 49 journals have just published one study
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TABLE 2. Article distribution by journal.

Journal Number of papers

Sustainability 7

Science Technology and Society 3
Journal of Business Research 2
Business Process Management Journal 2

dealing with the use of AI tools in OI ecosystems. These
four journals, as well as most of the publications that have
boarded this research stream, are linked with business and
management, as well as multidisciplinary sciences, revealing
that the main concern about this topic is not technical, but
organizational and managerial, as bibliographic coupling will
confirm. Regarding the editorials (Table 3), some of the most
productive and best positioned companies are also amongst
the ones which have published more articles regarding this
topic.

TABLE 3. Article distribution by editorial.

Editorial Number of papers
MDPI 11
Elsevier
SAGE
Wiley
Emerald
Routledge
Springer
Inderscience
IEEE
Academy of Management

O W W W W W WL W 0

The relative lack of maturity of this research topic is
revealed by the distribution of the academic production
considering the authorship (Table 4). Though a bunch of
researchers and academic groups have published more than
one article, the majority of them have just authored one,
tiptoeing into a topic that appears to be promising in the
immediate future. Ferrds-Herndndez has taken part in three
articles, published in the International Journal of Business
Environment, Journal of Cases on Information Technology
and Review of Managerial Science, mainly concerned with
the application of Al in service management, especially in the
tourism industry. Arias-Pérez, who has published two articles
dealing mainly with the managerial obstacles to OI related
with Al, and Yun, who has mainly dealt with conceptual
models regarding the intersection between Ol and Al are also
outstanding authors.

The number of citations of a paper is one of the most
frequently used ways to measure its impact. In the context
of a bibliometric analysis, the most cited studies are normally
seminal ones, which act as cornerstones in the development of
a research stream. Also, some conceptual or methodological
references can be sometimes found amongst the most cited
articles [69]. Table 5 gathers the most cited articles devoted to
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TABLE 4. Article distribution by author (2 or more papers).

TABLE 5. Most frequently cited articles.

Author Title Journal Year Author/s (year) Journal N
Rethinking Industry Injfg?r?:]o:?l Himanen ef al. (2019) [70] Advanced Scienc.e 331
4.0: is there life Business 2020 Misra ef al. (2022) [43] [EEE Intemet of Things 5,
; Journal
beyond manufacturing? Envi
S Tourt nvironment Yigitcanlar ez al. (2020) [73] Energies 142
mart Tourism R . ..
Empowered by Journal of Cascs Aquilani ef al. (2020) [74] Sustainability 48
Ferras- Artificial Intelligence: on Information 2020 Dabrowska et al. (2022) [75] R & D Management 47
Hernandez ~ The Case of Lanzarote Technology Hartmann and Henkel (2020) [71] Academy of Management 38
Discoveries
Automating proﬁtably Wang etal (2020) [51] Current Opinion in 23
together: Is there an Review of Ophthalmology
impact of open Managerial 2020 Capozzi et al. (2021) [72] Nutrients 22
innovation and Science . International Journal of
automation on firm Fiiller et al. (2021) [77] Project Management 19
o ) .
turnover? Nylund et al. (2020) [7] Rewewsof Managerial 18
Unlocking agility: Calif ,CII\G/[nce
Trapped in the Yang et al. (2022) [76] an Omllf lanagement 5
antagonism between . cview
. RN Business Process
co-innovation in digital
. Management 2023
platforms, business
. e Journal
analytics capability and . L. .
Avias. external pressure for OI environments. Yigitcanlar et al. [73] carry out a literature
Pérer Al adoption? review dealing with the creation of smarter cities (which
Flipping the odds of could be considered the digital transformation of human habi-
Al-driven open tats), while Aquilani et al. [74] consider that OI could be the
innovation: The . .. .. . . .
. Industrial transmission belt from the digital transformation of industries
effectiveness of partner Marketin 2023 -
trustworthiness in Managem egn ¢ and society 5.0. Dabrowska et al. [75], in turn, carried out a
_ counteracting comprehensive analysis of digital transformation, being the
interorganizational £ Al in OI f th f digital
knowledge hiding use o in ecosystems part of the process of digita
Not Deep Learning but tranSform_atlon‘ . . .
Autonomous Learning There is also a concern about value creation and its dis-
of Open Innovation for ~ Sustainability 2016 tribution in OI ecosystems, a context of cooperation where
Yun Sustainable Artificial appropriating the profit generated can have additional dif-
Intelligence ; 5
Introduction: ficulties. Nylund et al. [7], as well as Yang et al. [76],
Ambidextrous (jpen Science deal directly with this managerial problem. Crowdsourcing
o Technology and 2021 .. .
Innovation in the 4th Society shares some of these value appropriation problems with OI,

Industrial Revolution

the study of the impact of Al tools in OI ecosystems according
to the Web of Science Core Collection.

The most cited paper of the sample, Himanen et al. [70],
deals with the boost experienced by materials science, pushed
by open science movement and the DT of the industry, guided
by technologies like Al. OI profits from the same groundings
of open science, giving birth to another form of collaboration
where the agents open their internal innovation processes let-
ting knowledge circulate and be shared along the ecosystem,
boosting internal innovation. As a result, such data platforms
offer data and services that can be used both by academics and
practitioners. Some other papers amongst the most cited also
deal with the role of data management using Al technologies
to profit from OI ecosystems [43], [S51], [71]. In order to
challenge the current consensus about ultra-processed food,
Capozzi et al. [72] suggest using an OI perspective, in order
to share the data coming from the different agents.

Some other papers are specifically concerned by the social
impact of the digital transformation and its interaction with
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so Fiiller et al. [77] develop a crowdsourcing as a service
approach that could help to optimize the profitability of
crowdsourcing initiatives.

B. MAIN RESEARCH TOPICS

In order to identify the main topics analyzed by the academic
literature dealing with OI and Al, a co-word analysis, using
SciMAT bibliometric software [61], has been carried out.
Fig. 2 shows the strategic diagram generated, where ‘“‘Arti-
ficial Intelligence” is a motor topic; ‘“Dynamic Capability”
is a more developed and isolated topic; and “Industry 4.0”
is a basic and transversal topic. No emerging or disappearing
topics have been identified in this analysis.

-“Artificial Intelligence” is a motor topic that presents
the highest h-index (14) and includes the highest number of
articles (52). In spite of its popularity, there is no universally
accepted definition of Al [78]. Following McCarthy, Al is
“the science and engineering of making intelligent machines,
especially intelligent computer programs. It is related to the
similar task of using computers to understand human intelli-
gence, but Al does not have to confine itself to methods that
are biologically observable™ [79].
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7
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DISAPPEARING TOPICS BASIC AND
TRANSVERSAL TOPICS

FIGURE 2. Strategic diagram per number of documents.

The analysis of this subnetwork (Fig. 3) reveals a strong
link between ‘“‘Artificial Intelligence” and “Open Innova-
tion”, given the opportunities brought by Al based tech-
nologies to foster cooperation and value co-creation amongst
different organizations, potentially reinforcing OI ecosys-
tems [9], [35]. So, OI and AI technologies result to be
complementary, as OI means a cooperation scheme between
different agents, which share their information and data
(e.g., “University”’-*“Firm”") [48], [80], while AI allow these
agents to improve their internal processes profiting from this

BUSINESS-MODEL DATA-ANALYTICS

& UNIVERSITY
VALUE:CO-CREATIO|

>

_HEALT

| BIG-DATA.

L b
ﬁl@mmumsmew
NTER!‘ET-OF-I
ocl

-

FIGURE 3. “Artificial Intelligence” subnetwork.
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external information [7], [81], [82]. As it was pointed out in
the theoretical framework section, some specific industries
(““‘Health”) are profiting from this interaction [49], [50], [51].

“Big Data” also shows a strong connection with “Arti-
ficial Intelligence” and “Data Analytics”, as some new Al
applications are improving “Data Analytics” processes in
organizations and OI ecosystems, facilitating the manage-
ment of huge quantities of information (“Big Data”) [73],
[82], [83], developing big data analytics capabilities. Also,
the management of “Big Data” can boost “Open Innova-
tion” through the creation of new open “Business Models”,
pushing “Value Co-creation’ processes [74].

The strength of the link between ““Internet of Things” and
“Blockchain” is also remarkable, as they are two comple-
mentary technological developments associated with Indus-
try 4.0. The data generated by Internet connected devices
(“Internet of Things™”) can be registered using ‘“Blockchain”,
granting their safety and traceability [43], [84]; this data can,
in turn, be processed using Al tools, such as machine learn-
ing [43] potentially improving the operational and decision
making processes both in organizations and “Open Innova-
tion” ecosystems [10]. In this context, the development of
“Artificial Intelligence” based tools is leading companies
(“Firm”) into “Digital Transformation” processes, intended
to harness and generate competitive advantages [36], [38].

- “Dynamic Capability” is a more developed and isolated
topic, which includes 7 documents and has an h-index of 3.
This term was originally defined as ‘“‘the firm’s ability to
integrate, build, and reconfigure internal and external com-
petences to address rapidly changing environments” [85].

The three terms included in this subnetwork (Fig. 3) are
connected, as firms that use big data and Al technological
developments are more likely to develop ‘‘Microfounda-
tions” of digital dynamic capabilities (‘““Dynamic Capabil-
ity”’) [54], [82]. The ““Absorptive Capacity” is, in turn, related
with the organization’s ability to identify the value of novel
knowledge, integrate it, and apply it for commercial pur-
poses [86]. Therefore, “Absorptive Capacity” is commonly
considered as an inherent dynamic capability [82], [87]. In the
context of OI ecosystems, which release huge amounts of
data, dynamic capabilities are critical, as they allow organi-
zations to profit from this massive influx of information [82].

-“Industry 4.0” is a basic and transversal topic that con-
tains 8 documents and has an h-index of 5. The concept was
initially coined in 2011 Hannover Fair [88], [89]. McKinsey
& Company [90] state that “Industry 4.0—also called the
Fourth Industrial Revolution or 4IR— is the next phase in the
digitization of the manufacturing sector, driven by disruptive
trends including the rise of data and connectivity, analytics,
human-machine interaction, and improvements in robotics”.
Nevertheless, there is still a lack of academic consensus about
this concept [91], [92].

The three terms included in this subnetwork (Fig. 4), are
linked, as the “Implementation” of “Cyber Physical Sys-
tems”’ is one of the cornerstones of “Industry 4.0” [93], [94]
and can eventually lead to Industry 5.0 [94], [95]. In this
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FIGURE 4. “Dynamic Capability” and “Industry 4.0" subnetworks.

context, “Cyber Physical Systems” are advanced systems
inside Internet of things environment that combine physical
and computational capabilities [74]. The Internet of Things,
big data and AT are some of the groundings of “Industry 4.0
and may lead to what is being called Industry 5.0 [96], [97].

C. CURRENT RESEARCH TRENDS

Fig. 5 shows the results of a coupling analysis including just
the papers that have been cited five times at least, criteria that
facilitates the connection between the different papers ana-
lyzed. The figure reveals the existence of six different clusters
of papers dealing with OI and Al. These clusters could be
revealing the most important current research trends in the
topic analyzed. Nevertheless, after analyzing the contents of
the research included in each of these clusters, the main trends
in the research in OI and Al could be rearranged into three dif-
ferent levels: Day-to-day level, dealing with the operational
concerns and the solution of specific problems; Company
level, regarding the organizational concerns, associated with
the generation of new management models, especially those
oriented to innovation ecosystems and granting value appro-
priation; and stakeholders’ level, which mainly deals with
people and society concerns.

cetindamar (2020)

browska (2022
yigitcadap (2020) opoe )

aquilafi(2020)

yUn @021)
u - Barooez0z3)
sie (a0) YIUNG2020) yun @016

3 )
b S Jltatchen (2023)

rarrquozo)
o parkgR020y
h.m~62019) -
$& vosviewer ripat(2022)

guggenberger (2021)
ferashemandez (2020)

misr@zZ)

FIGURE 5. Bibliographic coupling analysis.

1) DAY-TO-DAY LEVEL: OPERATIONAL MANAGEMENT

The combination of OI and Al has provided organizations
with many new ground-level opportunities, based on the
finding and implementation of learning capacities in the con-
text of the digital transformation of companies. Inside this
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group of papers, we can distinguish between those included
in the deep-blue one, concerned with process redesign and
process management; and the purple cluster, associated with
the application of industry 4.0 to the agriculture and food
industry.

Inside the deep-blue cluster, and starting from the knowl-
edge of Lean Six Sigma, which has been reckoned as
one of the most important quality management systems,
Park et al. [8] analyze its challenges to fit in the fourth
industrial revolution era, advocating for a new 3S (simple,
speedy and smart) paradigm in the use of Lean Six Sigma, and
specifically the fit of OI and Al in order to foster a total qual-
ity management model directly related to value co-creation.
Also linked with operational excellence, Tripathi et al. [98]
propose a shop floor management method in the context of
industry 4.0, based on OI and lean and smart manufacturing
companies, which uses Al and IoT amongst other tools.
Ferras-Hernandez [38] explore the opportunities stemming
from Industry 4.0, which could be considered a part of a
dynamic digital OI ecosystem, in sectors not related with
manufacturing.

Two more papers are also included in this cluster. Guggen-
berger et al. [84] analyze the lessons learnt from the
COVID-19 pandemic about how to face future crises. Al and
the Internet of Things are remarked by the authors as powerful
tools that have shown their potential in the aforementioned
scenario. OI can also abridge the distance between research
communities that need to share, even being isolated, the value
generated by their developments. Finally, Bahoo et al. [42]
develop a literature review of the intersection between Al and
corporate innovation, including OI.

The purple cluster gathers two papers related with the
operational application of OI and Al in the specific field of
agriculture and food industries. Misra et al. [43], one of the
most cited papers in the selection, deliver an overview of the
intersection between big data and Al in this economic sector,
combining both the data delivered by IoT and the analysis
of the information coming from social media, which can be
the origin of value co-creation and OI. Capozzi et al. [72],
in turn, challenge the monolithic negative perception of ultra-
processed food, remarking the need for new paradigms of
food evaluation that consider both internal and external fac-
tors that are normally not considered in the analysis. To put
this vision into practice, they advocate for a collective view,
with an OI spirit, which profits from the analytical capacity
of AL

2) COMPANY LEVEL: ORGANIZATIONAL CONCERNS

Industry 4.0, and specifically the link between OI and Al,
poses many new managerial challenges for the majority of
organizations. This group of papers gathers the green cluster,
which includes research about the characteristics of these
new managerial models; the yellow cluster, which mostly
includes stories about how specific innovative ecosystems
have worked; and the red cluster, which deals with one of the
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most critical issues regarding OI (and, in this case, its link
with Al), which is value appropriation.

Inside the green cluster, Fiiller et al. [77] have observed
that both OI and crowdsourcing don’t fit easily with tra-
ditional innovation structures and management practices.
Therefore, they suggest that organizations which want to
profit adequately from the opportunities generated by crowd-
sourcing should develop specific capabilities which could
use digital platforms and Al, generating a crowdsourcing
as a service approach that would prepare the organization
to engage in successive crowdsourcing processes. Allal-
Chérif et al. [81] paper deals with the born sustainable
companies, organizations that have not adapted to the social
requirements of sustainability but were created sustainable.
Through the study of the case of Patagonia, the authors
stress the importance of open sustainable product innovation,
as well as the use of Al and big data to catch up with the
changes of the environment, both in environmental and social
terms.

The learning process of Al is still a disputed matter.
Yun et al. [41] develop a new conceptual autonomous learning
model for Al, considering the human bounded rationality
established in the studies of Herbert Simon, compensated by
the opportunities brought to firms by OI. This model can be,
in turn, relevant in order to develop an Ol strategy. Some of
the authors of the previous study presented in Yun et al. [99]
an ambidextrous (both inbound and outbound) model of OI,
which could adequately fit the requirements of the current
servitisation trend in the context of industry 4.0.

Finally, in the context of mega-bank mergers, Thomas [100]
studied the role played by technological convergence, in order
to create a competitive advantage for the resulting entities.
As the author stresses, technological convergence pushes
inter-organizational interactions, which can also result in the
creation of OI ecosystems.

The yellow cluster gravitates especially in the study of
some of these innovative ecosystems. Cetindamar et al. [101]
study the knowledge spillovers that have taken place in
the field of AI within the entrepreneurial ecosystem of
Sidney between 2000 and 2018. An OI ecosystem is con-
sidered by the authors the most extreme example of a
flexible entrepreneurial ecosystem, where the actions of the
organizations included contribute to the generation of a com-
mon innovation. Yang et al. [35], in turn, have studied the
creation of an Al collaborative business ecosystem in the Chi-
nese fish-farming industry, which gravitates around Celefish,
an agricultural science and technology firm. The generation
of new knowledge and the OI processes are frequently, espe-
cially those oriented to sustainable development. Finally, this
cluster also includes a multilevel analysis of the impacts of
digital transformation, which goes beyond the organizational
level of the analysis, delivered by Dabrowska et al. [75].

The red cluster is mainly concerned with the manage-
ment of value appropriation in the context of OI, where
different participants may hold diverse profit expectations.
Nylund et al. [7] can raise the optimism, as their study shows
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how cooperating with suppliers in OI schemes has increased
the turnover of firms engaged in industrial automation pro-
cesses. Nevertheless, finding the factors that may foster or
undermine this value creation, as well as value appropriation,
are critical issues to be addressed.

As it was pointed out in the productivity analysis, Hima-
nen et al. [70], the most cited article in the selection,
remarks the major development experienced by materials
science coming from data driven science, pushed by open
science movement, public funding and technological tools
like AI. Nevertheless, some challenges may be decelerat-
ing the scientific advances, being the different perceptions
of the appropriability, and the resulting divergent interest
of industry and academy, one of the matters to be solved.
This goal divergence is also present in the paper of Uribe-
Echeberria et al. [102], which shows how Spanish Research
and Technology Organizations embrace OI schemes, showing
a bigger concern for improving the IT derived technologies
and granting their sustainability than for increasing the effi-
ciency and reducing the technological risk. Sie et al. [68]
studied the kind of partners needed in innovation networks,
finding out that power itself is not the cornerstone for suc-
cessful cooperation in innovation, but can be useful in some
specific combinations of agents.

Hartmann and Henkel [71] stress the importance of data,
which has caused the direct implication of some of the larger
IT corporations in the development of Al, considering that
these data resources give them an interesting complemen-
tary asset that can facilitate the appropriation of the value
generated by Al research. Finally, based on how IBM failed
to appropriate a relevant part of the value generated by
IBM Watson Health, Yang et al. [76] propose the use of a
strong appropriability regime when working in an OI scheme
in order to grant an adequate portion of the value for the
company.

3) STAKEHOLDER LEVEL: PEOPLE AND SOCIETY CONCERNS
Apart from its organizational and managerial implications,
Industry 4.0 has undeniable impacts on our way of living.
Neither our social interactions, nor the places where we live
and work, are free from the influence of Al or Internet of
Things. OI can deliver an opportunity to build joint value in
these social structures. The papers considering the impact of
OI and Al in these social structures are included in the light-
blue cluster.

Smart cities, defined by the authors as ‘“‘urban locations
that are enabled by community, technology, and policy to
deliver productivity, innovation, livability, wellbeing, sustain-
ability, accessibility, good governance, and good planning”,
are analyzed by Yigitcanlar et al. [73]. The paper delivers a
review about the role of Al in the generation of knowledge,
which may stem from OI schemes. Aquilani et al. [74] focus
on the transition to Society 5.0 pushed by Industry 4.0, stress-
ing the role that both OI and value co-creation play in the
social translation of this new industrial revolution.
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Table 6 sums up the main findings deliver from the
analysis.

TABLE 6. Main findings summary table.

Research Questions

Main findings

RQ1. Which are the
main authors and the
most important papers
dealing with the
application of Al
technologies in OI
ecosystems?

Growing trend in the academic literature,
pushed by COVID 19 crisis and the
popularization of Al (specially since the
launching of Chat GPT)

Certain degree of academic immaturity of the
topic, resulting in low degrees of
concentration in authors, journals, and
editorials

OI generates huge amounts of data and
information. Al can help to process such
amounts of data

Himanen ef al. (2019), Misra et al. (2022)
and Yigitcanlar et al. (2020) are the most
cited papers; Ferras-Hernandez, Arias-Pérez
and Yun are the most prolific authors
“Artificial Intelligence” is a motor topic that
presents the highest h-index (14) and
includes the highest number of articles,
showing a strong link with “Open
Innovation”

The strength of the link between “Internet of
Things” and “Blockchain” is also
remarkable, as they are two complementary
technological developments associated with
Industry 4.0
“Dynamic Capability” is a more developed
and isolated topic, and “Industry 4.0” is a
basic and transversal topic

RQ2. What are the main
research topics dealing
with the application of
Al technologies in OI
ecosystems?

There are three academic approaches to this
topic: an operational one, related with the
solution of specific technical problems; a

managerial one, related with the
appropriation of the rents stemming from
shared knowledge; and a social one, which
deals with the socio-economic impact of the
use of Al in OI environments
Some of the issues that will be boarded by
the literature in the immediate future are the
management of potential resource ownership
conflicts, the transition to a new cooperative
society and the role of the different agents,
mainly public administrations

RQ3. Which are the
current research trends
of Al technologies in OI
ecosystems?

V. CONCLUSION

Dealing with the first research question, the academic litera-
ture has reflected the growing importance of the application
of Al in OI ecosystems. The pandemic of COVID-19 meant
a boost in the digital transformation of societies, leading to
more cooperative ways of work, including OI. The burst of
Al systems, where the initial release of Chat GPT can be
considered the starting point, has increased the awareness and
the interest of researchers in the analysis of the opportunities
brought by Al to OI environments, revealing that this topic
will more than likely experience an exponential development
in the immediate future.

The analysis also reveals that the academic concern about
the topic is not especially technological, but managerial: the
majority of papers are especially interested in aspects like
the generation of dynamic capabilities and, through them,
competitive advantages. This is not just reflected in the
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institutions where the authors work, but clearly in the sources
where their articles are published. Nevertheless, hot topics
like this one frequently show a certain degree of immaturity,
which is reflected in extremely low degrees of concentration
in authors, journals or even editorials. Though some of the
papers have been frequently cited, there could be interesting
research gaps to be covered.

The identification of the main research topics (research
question #2) has been carried out through co-word analysis.
“Artificial Intelligence” appears as a motor topic (and the
most relevant one), while “Dynamic Capability” is a more
developed and isolated topic, and “Industry 4.0” is a basic
and transversal topic. This analysis stresses the complemen-
tarity of Al and OI, as the first pushes the second, enabling
sharing knowledge processes amongst organizations, gener-
ating new opportunities for competitive advantages through
the use of external data and innovation.

Bibliographic coupling has revealed the hottest topics
related with AI in OI ecosystems (research question #3),
which can be summed up in three different approaches: an
operational one, which can potentially affect an endless num-
ber of industries, solving technical problems; a managerial
one, especially concerned with the generation and appropria-
tion of additional rents in OI environments; and a social one,
considering that the use of Al to achieve value co-creation can
lead to new social habits and habitats, such as smart cities.

The roadmap for new academic research is nearly unex-
plored, full of new paths and research opportunities to be
boarded. Amongst them, this article stresses the importance
of managing potential conflicts, derived from the fuzzy own-
ership of the data and information generated by an Al; a
deeper analysis of the transition of a new cooperative society,
where Ol ecosystems have much to teach and Al much to
help; and the role of public administrations, especially in the
regulation of generative Al tools.

This paper isn’t free of some limitations. The study just
considered research included in the Web of Science collec-
tion, which might potentially exclude a reduced number of
papers. The selection process is mainly objective, but the
last filtering step has been delivered by the authors, which
could generate some subjectivity. Finally, some of the arti-
cles included might have no keywords, which in fact would
exclude them from the co-word analysis.
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