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Abstract:

Digital transformation gives rise to enhanced innovation, changes in the digital landscape, and elevated stakeholder

interconnectedness, so the phenomenon of digital innovation ecosystems (DIEs) arises. DIEs give new opportunities
but, at the same time, pose new challenges related to the interaction between citizens, communities, organizations,
and territories in the rapidly changing environment. The DIE concept has been explored in the scientific literature, though
it remains a topic of partial debate. Hence, the main objective of this research is to provide a full-fledged definition of the
term DIE, its core components, and a conceptual framework of the studied phenomenon. The research adopts a systematic
literature review of scholarly studies. Additionally, we use a latent semantic analysis to complement the results, parti-
cularly to provide statistical validation for the theorized DIE framework. The outcomes of this research may inspire
further academic research and discussion, fostering a deeper understanding of the topic, while helping business and
political decision-makers assess and enhance the development level of their respective DIEs.
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1. Introduction

The digital transformation has strongly affected markets,
customers, and firms, and favored the diffusion of innova-
tion in the last few decades (Huru et al.,, 2021; Verhoef
et al., 2021; Yoo et al., 2010). As a result, the limits and
the barriers among the economic actors have fallen, new
products and services have been introduced, and there are
now more efficient ways to do business (Schwertner, 2017).
The coronavirus disease 2019 (COVID-19) pandemic, causing
severe repercussions, has however become an impetus for
the development of the digital economy; digital technologies
played a crucial role in connecting business to consumers
during the COVID-19 pandemic (Dumitra et al., 2022). In this
new dynamic context, the innovations are increasingly the
result of a network that could present the form of an “eco-
system” (Kolloch & Dellermann, 2018) and less and less the
direct consequences of the actions of a single entrepreneur
(Hagedoorn, 1996); these fundamental changes pose new
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challenges to the stakeholders involved in innovation pro-
cesses (Adner & Kapoor, 2010).

As a consequence of shifts in economic and social
spheres in recent decades (Shepherd, 2004), the concept of
innovation ecosystems has emerged (Adner, 2006; Basole,
2009; Iansiti & Levien, 2004). An innovation ecosystem is
described as a novel approach to innovation-related value-
creating interactions among different actors (Adner &
Kapoor, 2010; Dodgson et al., 2014, Granstrand & Hol-
gersson, 2020). With the development of digital technol-
ogies and changes in economic and social conditions,
innovation ecosystems have become more complex and
hence new types of ecosystems have emerged (Al-Sulaiti
et al,, 2023; Gu et al., 2021). Digital transformation stimulates
significant changes in the cooperation between companies,
governments, and society (Mai et al., 2024; Nambisan et al.,
2019), with digital companies emerging and looking for new
approaches to collaboration and value-creation (Amit & Han,
2017; Ghezzi et al,, 2022; Gregori & Holzmann, 2020). Digital
innovation ecosystems (DIEs), as one of the innovation
ecosystem types, being an inevitable part of the innovation
context, lack a “coherent” and shared theoretical framework
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to consolidate diverse managerial and scientific perspectives
(Wang, 2019).

The present research aims to answer the following
question: “What are the latest advancements in academic
literature regarding the discussion on DIEs?” Accordingly,
this study seeks to systematically review the scientific lit-
erature, gather and share evidence on the definitions and
core components of DIEs, and propose further conceptua-
lization. Although DIEs have been previously studied, and
high-quality thorough research has been conducted on the
topic, to the authors’ knowledge, no prior systematic sum-
mary of the ongoing debate has been presented. Moreover,
with the increasing digitalization and ongoing digital
transformation shifts, the authors anticipate a growing
interest in this type of ecosystem. Therefore, the evidence
gathered and the proposed framework could provide
researchers with a foundation for future studies on the
topic.

The article is structured as follows: Section 2 outlines
the research methodology applied, detailing the step-by-
step approach and introducing the research questions.
Section 3 presents the findings of the study, including a
latent semantic analysis (LSA) to complement the results.
Finally, in Section 4, concluding remarks on the study are
provided.

2. Research methodology

A systematic literature review (SLR) was chosen as an
evidence-based approach for the present research (Tranfield
et al., 2003); this approach has previously claimed its effi-
ciency in managerial studies (Dall-Orsoletta et al., 2022;
Savastano et al, 2019; van der Poll, 2022). The present
study follows a six-step review process (Durach et al,
2017). The SLR process started with the definition of the
research questions and the identification of the keyword
combinations. The authors aimed to explore the vast
variety of scholarly studies where the DIEs were discussed.
To achieve this scope, the keyword combination “digital
innovation ecosystem™” was selected, with a wildcard (*)
applied to encompass the scientific articles where the
keyword combination was used in the plural form. The
present research aims to gather evidence on the current
state-of-the-art academic literature concerning the discus-
sion on DIEs. Through an SLR, this study intends to pro-
vide evidence on various aspects including system levels,
definitions, and dimensions of DIEs as discussed in aca-
demic literature. The literature that didn’t cover these
issues was excluded from the sample. This evidence will

Type of inclusion criteria Characteristic of inclusion criteria

Document type Articles and research papers

Time period Until December 2023

Language English
Geography Worldwide
Databases Scopus, WOS, Google Scholar

Table 1. Inclusion criteria and their characteristics.
Source: Authors' contribution.

be crucial for further conceptualization of DIEs. As the
second step of the research, the authors formulated the
inclusion criteria for potentially relevant literature selec-
tion. The summary of the inclusion criteria and their char-
acteristics is presented in Table 1.

In the third step of the research, potentially relevant
literature was collected. The relevant literature retrieval
was conducted using the default search field TITLE-ABS-
KEY in Scopus, the Topic field in WOS, and the specified
keyword combination in the search box of Google Scholar.
The articles retrieved from Google Scholar were further
checked by the authors for being peer-reviewed in order
to guarantee the academic quality of the studies included
in the present study.

Relevant literature was selected in the next (fourth)
step of the research. Identification, screening, and inclu-
sion steps of the literature selection process were reported
using the PRISMA 2000 approach (Page et al., 2021);
PRISMA 2000 represents a rigorous approach to literature
selection (Moroianu et al., 2023). As a result, 43 documents
were included in the review. Figure 1 represents the
PRISMA flow diagram, illustrating the logical stages of
the pertinent literature selection. At the identification
stage of the research, the authors applied the inclusion
criteria to identify relevant studies. At this stage, only
duplicate articles were removed by common consent to
maintain the broadest possible sample. During the screening
stage, the authors reviewed and discussed the abstracts of
the studies gathered in the identification phase. Studies that
met the exclusion criteria were not included in the sample.
After a full-text review, the authors reached a consensus to
exclude certain articles that did not align with the exclusion
criteria.

In the fifth step, a content analysis was conducted on
the documents included in the review. The categories
applied in the analysis included the study’s purpose, DIE
application level, specific industry, sector, company, defi-
nition of DIE, scope of DIE creation, DIE components, and
its relation to other types of innovation ecosystems.
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Records identified from:
Scopus (n = 47)
WOS (n = 33)
Google Scholar (n=51)

Identification

!

Records screened:

(n=107)

Reports sought for retrieval:

Screening

(n=81)

Reports assessed for eligibility:

(n=79)
I

Studies included in review
(n=43)

Included

—

Records removed before
screening:
Duplicate records removed
(n=24)
Records removed for other
reasons (n =0)

Records excluded:
(n =26)

Reports not retrieved:
n=2)

Reports excluded:
Not pertinent (n = 36)

Figure 1. PRISMA 2020 flow diagram of the literature selection stages.

Finally, in the sixth step, a descriptive analysis of the
insights from the gathered academic literature was pro-
vided and discussed. Additionally, an LSA of the included
articles was performed to (1) understand less obvious con-
nections between different emerging themes and topics
and (2) detect possible research gaps and avenues for
future research. The findings of the review are presented
in the next paragraph.

3. Results and discussion

3.1 Characteristics of the studied
literature

As noted in the previous section, we selected 43 articles
from a total of 131 retrieved across three databases for

Source: Authors' elaboration based on Page et al., 2021.

our research. Figure 2 illustrates the distribution of the
included literature by year of publication. The first men-
tion of DIE dates back to 2011, but research on the topic has
been growing since 2018, peaking in 2023. This pattern
suggests that DIE is only beginning to gain major attention
in scientific discourse, even though the studied literature
shows in-depth research on this topic.

Figure 3 shows the distribution of studies by country.
As can be seen from the graph, China is the leader in DIE
research, and the USA, Germany, Brazil, Indonesia, and
the UK are following. Other EU countries represented in
the scientific literature are Austria, Finland, France, Italy,
Latvia, Poland, Slovenia, Spain, Sweden, and the Nether-
lands. In total, the countries of the EU contribute to
roughly half of the studies.

The distribution of articles in Table 2 is heterogeneous;
the articles are nearly evenly divided between sources and
publication types — journal articles and conference pro-
ceedings. However, in 2022 and 2023, we observe a
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Figure 2. Distribution of the articles by years of publication.
Source: Authors' contribution.

14
12
10
8
6
4
; IIIIIIIIIIIIIIIII
X QD *-Qe-(b\\'(b§e' Q\*\*QQQQOQ @g’bc@\oé\(\
(J‘Q Ny @"s & 00‘7’ ¢ ST L FC &"’o X (EF P & Ty \,xeb X «\*o
& & Ll & T o @ S F®
A o o &
&

Figure 3. Distribution of the articles by country.
Source: Authors' contribution.

noticeable increase in topical studies within the same jour- 3.2 Definitions of the DIEs

nals. The authors suggest that this trend may indicate the

gradual integration of the DIE phenomenon into scientific  The literature offers several DIE definitions, as shown in
discourse in recent years. Table 3. According to the evidence gathered, a DIE is
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Paper

Definition of DIE

Kolloch and Dellermann (2018)

Suseno et al. (2018)

Wang (2018)
Chae (2019)

Beltagui et al. (2020)

Cvar et al. (2020)

Wang (2019)

Xu (2020)

Wang (2021)

Li et al. (2022)

Ji et al. (2023)
Liu et al. (2023a)

“an innovation ecosystem as a social technological system (actor network) consisting of two inseparable parts: a
social system (human actor network) and a technological system (non-human actor network)”
“digital innovation ecosystem models the interactions and relationships between organisations and stakeholders,
in creating new products and services using digital technologies in order to create value”
“a special type of sociotechnical system”

“a complex arrangement of technologies, methodologies, concepts, business application areas, organizations, and
institutional contexts”; “a network of heterogeneous social and technical elements, which co-evolve over time”
“digital innovation ecosystems account for industry-spanning co-operative and competitive dynamics among
firms related to innovations that combine physical and digital elements”

“a complex system of various actors having different roles, interacting in mutual interdependence, constantly
learning how to interact effectively”

“as a special type of sociotechnical systems, a digital innovation ecosystem is a dynamic collective of interdependent
actors and the resources they draw on to innovate with digital technology”

“a complex network of collaborative and competitive relationships among individuals, organizations and digital
technologies that jointly create value for innovation”

“a loosely coupled set of autonomous actors (people and organizations who interact without hierarchical fiat)
involved in the development and implementation of innovations enabled by digital technologies”

“a complex economic structure in which organizations and individuals interact with each other". "The digital
innovation ecosystem not only introduces data as a factor of production, but also enhances the connections
between subjects, promotes synergy among elements, and finally causes changes in the system logic”
“loosely interconnected networks formed by firms and other innovation agents”

“a complex system of symbiotic competition and collaborative evolution comprising several interconnected,
interacting and proactive digital innovation subjects. It has a complex internal network, communicating the

interaction between subjects, and its development is driven by the knowledge-sharing and cooperation needs

between subjects”

Table 3. DIE definitions in the literature.

frequently described as complex, indicating that it embraces
numerous interconnected stakeholders (Chae, 2019; Cvar
et al, 2020; Li et al., 2022; Liu et al., 2023a; Xu, 2020). The
scholars emphasize the presence of the combination of
social and technical aspects within the DIE, suggesting that
DIEs do not just involve joint technology exploitation but
also social interactions between stakeholders in the eco-
system (Kolloch & Dellermann, 2018; Wang, 2018, 2019).
Some scholars stress that DIEs have loosely coupled archi-
tecture (Ji et al., 2023; Wang, 2021). The primary goal of a DIE
is to foster innovation, leading to the development of novel
products and services and value creation using digital tech-
nologies, as an integral part of the DIE (Suseno et al.,, 2018;
Wang, 2019; Xu, 2020). The scholars stress the presence of
technological (digital) and social/physical mutually interde-
pendent and interconnected components (Beltagui et al.,
2020; Chae, 2019; Kolloch & Dellermann, 2018; Xu, 2020);
the components of the DIE constantly co-evolve, enhancing

Source: Authors' contribution.

interaction capabilities (Chae, 2019; Cvar et al, 2020; Liu
et al, 2023a). The dynamic nature of the DIE makes it resi-
lient and adaptable to changing environments (Wang, 2019).
Some definitions presented in the research stress the pre-
sence of competition in the DIEs (Beltagui et al., 2020; Liu
et al, 2023a; Xu, 2020). Taking into consideration all the
above, the authors propose the following DIE definition,
based on the definitions presented in Table 3: DIE is an
ecosystem that integrates technological aspects and unites
various actors who continuously co-evolve, cooperate, com-
pete, and leverage digital technologies to generate value.

3.3 Characteristics of the DIEs

In order to categorize the studies under investigation, the
system-level approach by Vanhamaki et al. (2019) was
applied; this research introduced the system-level
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approach to the circular economy and described the actors g o = - &8 & R §
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on macro, meso, and micro levels. The authors of the study g g 58 g g 5 S ;; g S 2
brought this model to the research on DIE, dividing the S 3 = - % 5 8 g g 3 g £
studied literature by system levels to which the DIE was g ;; § s ; ‘i N ) 2 = -
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five major components of DIEs — innovation platforms, web - = ==
3.0 technologies, innovative services for customers, knowl- g . 75 3
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(2023) state that local characteristics of the territory, such | & ;O: § 5 ’g E
as social and economic issues, influence the DIES’ devel- < é ; % g %
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functioning. Therefore, Baumane-Vitolina and Dudek (2020) =l f f
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platforms as a meeting point between customers, produ- z -
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innovation processes inside the ecosystem, so start-ups and Z ¢ <
customers have a higher influence on digital innovation § g bt
processes than suppliers and investors. Further research g < 3
by Purbasari et al. (2022b) claims the need for more colla- < § g 2
boration between stakeholders inside the DIE and results in g g i'; g
the development of a DIE framework for digital start-ups go S 8 =
(Purbasari et al., 2023). The research of Cvar et al. (2020) s 2 ,% @ ke
identifies DIEs as a multilevel framework of structures, g g § E
strategies, tools, and people; active participation of different < < 5 %
stakeholders in the DIE leads to the creation of DIE built i ';; § 2
with the respect of public values. 5 5 8 B
Several scholars provide other insights on the nature = é E §
of the DIE based on their case studies. Pistorio et al. (2018) " g
stress the key role of governmental organizations and tar- g B=
geted policies in the development of DIEs. Whyte (2019) A~ £
analyzes the DIE development as a result of joint industry/ ] E
government initiatives; the research reveals that DIEs influ- = g
ence the process of strategies’ adoption by industrial stake- g é
holders. The study by Filatova et al. (2020) identifies three - =
core digital elements of the DIE — digital infrastructure, tools, k] 3
and competencies. Ruohomaa et al. (2020) argue that DIEs § =
deliver innovation resulting in the development of new & i




Conceptualizing and defining digital innovation
ecosystems

business models. Maurer (2021) claims that digital innova-
tion hubs should become an important component for DIES
acting as the provider of expertise, services, and facilities for
the DIEs’ stakeholders. Chen and Cai (2023) stress the impor-
tance of resilience improvement as one of the key prerequi-
sites for the development of regional DIEs. Rocha et al. (2021)
investigate how R&D collaborations with scientific and busi-
ness partners contribute to the digital transformation of
manufacturers in Brazil; the authors state that such incen-
tives as the promotion of technological innovation in the
private sector have the potential to establish a DIE to foster
the country’s industrial competitiveness.

3.3.2 Meso level DIEs

Kolloch and Dellermann (2018) analyze the interaction
between technological and social components of the DIE;
the authors identify DIE as an actor-network with human
(organizational) and non-human (technological) actors.
Gorecky et al. (2019) focused their research on the techno-
logical advancements and adoption of Industry 4.0 technol-
ogies for DIE development; in their research, the authors
outline the acceleration of Industry 4.0 as the main DIE
objective. Beltagui et al. (2020) investigate the mechanisms
of disruptive innovations, in particular 3D printing, in the
DIEs; the authors claim that the ecosystems should support
the development of disruptive technologies by imple-
menting the latter within the ecosystem.

The discussion of value creation, composition, and
sharing in the DIEs are among the topics actively discussed
by the authors. Li et al. (2022) and Wu and Negassi (2023)
consider DIE as a value-creating ecosystem, the latter
claim that value-creation within DIE becomes possible
due to “internal self-construction and external coopera-
tion.” Xu et al. (2023) stress the importance of decentra-
lized innovation for value creation in the ecosystem. Ji
et al. (2023) also stress the role of transversality in value
creation claiming that in the DIES it is possible by breaking
industry, regional, and enterprise boundaries. Cui et al.
(2022) analyze the value composition of the DIE as a pro-
cess of resource sharing and cooperation among the sta-
keholders for common benefits. Liao et al. (2023) and
Wolfert et al. (2023) state that value creation and distribu-
tion are at the core of DIEs, and this process involves the
development and application of digital technologies.

3.3.3 Micro level DIEs
The research of Rocha et al. (2018, 2019) considers DIEs as a

collaboration platform that supports the development, dis-
semination, and commercialization of digital solutions.

Raabe et al. (2021) stress the key role of digital technologies
in DIE that facilitate the resolution of challenges that busi-
nesses face. Li and Liu (2023) state that DIEs favor better
decision-making in the companies that lead to higher effi-
ciency and enterprises’ further smart development. Zou
et al. (2022) consider DIEs as the providers of resources
and information that promote knowledge and technological
innovation; the latter can also lead to the DIE’s development
in order to foster industrial competitiveness (Rocha et al.,
2021). Suseno et al. (2018) explored value creation processes
in DIEs as the result of collaboration between a company’s
consumers and professional stakeholders; indeed, active
engagement of customers favors innovation creation and
hence creates a more viable DIE (Rao & Jimenez, 2011).
Also, Suseno et al. (2018) support the idea of fluid DIE
boundaries. Yin et al. (2020) define the components of DIE
— cyberspace, social, and physical spaces.

3.3.4 Meta level DIEs

Vasin et al. (2018) name the unhindered cooperation
among the ecosystem participants as a key characteristic
of the DIEs. Nepelski (2019) also stresses the collaborative
nature of the DIE; the scholar claims that the DIE consists
of physical and technological layers, where the technolo-
gical layer includes software producers and platforms.
Wang (2018) offers a multilevel ecological model of a
DIE, the author states that digital technologies, knowledge,
and innovation are the main DIE components, and the DIE
boundaries are fluid. The research of Chae (2019) supports
the idea of the DIE boundaries’ fluidity and that DIEs
emerge at the intersection between social and technical
dimensions. Continuous innovation and collaboration,
information and knowledge sharing, and value co-creation
are among the benefits of DIES’ deployment (Liu et al.,
2023a, b); DIEs favor enterprise innovation and competi-
tion (Xu, 2020). Wang (2019) maps the key attributes of the
ecosystems which include the number of actors, the char-
acteristics of the groups they form, the frequency of actor
entry and exit within an ecosystem, cooperation among
actors, and the resilience to disruptions. Wang (2021) high-
lights the importance of the correlation between informa-
tion capacity and information needs within the ecosystem;
the author emphasizes the role of digital technologies in
narrowing this gap. The paper of Kewen and Junji (2022)
discusses the DIE governance, according to the scholars
the government supports and fosters innovation within
the ecosystem through the implementation of specific
goal-oriented policies. Kindermann et al. (2022) address
issues related to the DIEs’ orchestration, mapping out
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challenges and potential solutions; the scholars emphasize
the key role of orchestrators in driving positive changes.

3.4 DIEs integrative conceptualization

Some authors reflect on the interrelation between DIEs
and other innovation ecosystems. Beltagui et al. (2020),
Kolloch and Dellermann (2018), and Pistorio et al. (2018)
claim that DIEs are synonymous with innovation ecosys-
tems. Wang (2018) argues that many innovation ecosys-
tems are DIEs, while Baumane-Vitolina and Dudek (2020)
state that DIEs are one of the types of innovation ecosys-
tems. Since there is no unanimous consent on the nature
of the DIE, we need to proceed with its integrative con-
ceptualization. As a consequence of the in-depth study of
the literature corpus, DIE definitions (Table 3), and DIE
system levels (Table 4), we revealed several patterns that
help to shape the DIEs’ conceptualization. Regardless of
the system level at which the DIE has been considered,
there is a clear tendency to mention technology as a
meta-factor for the existence of the DIE. In addition, the
general trend is the interconnection between the physical
and social components of the ecosystem, as it was dis-
cussed above; the institutional landscape also has an
important role in the functioning of the DIE. Figure 4
represents the DIE conceptual framework and the four
main components of the DIEs. These components are as
follows:

PHYSICAL
ENVIRONMENT]

s
g{}’

Figure 4. DIE conceptual framework.

INSTITUTIONAL
LANDSCAPE

TECHNOLOGY

&

7%

M ENVIRONMENT,

1. technology — this component comprises technological
advancements in general (all the authors emphasize
the importance of this component for the successful
existence of the DIE), as well as digital solutions such
as digital platforms (Baumane-Vitolina & Dudek, 2020;
Misséri, 2013; Nepelski, 2019; Pistorio et al., 2018; Rao &
Jimenez, 2011; Wang, 2018, 2019), that enable actors of
the ecosystem to connect with each other, cooperate,
sometimes compete, deliver value to others, exchange
knowledge and experience.

2. institutional landscape that implies institutional arrange-
ments, policies, and regulations, local administrations
that operate in the geography of the DIE allocation and
creates a fruitful environment to shape the activity of
DIEs (Chae, 2019; Kewen & Junji, 2022; Nepelski, 2019;
Pistorio et al.,, 2018; Vasin et al., 2018; Whyte, 2019);

3. physical environment in terms of infrastructure and
tangible assets used by the actors and stakeholders
(regardless of the system level of DIE) to develop and
implement innovations (Beltagui et al., 2020; Gorecky
et al., 2019; Nepelski, 2019; Whyte, 2019; Yin et al., 2020);

4. social environment that includes actors and stake-
holders of the DIEs, organizations, and human capital.
Since any ecosystem inherently includes its partici-
pants, who generate value within it, all authors, to
some extent, discuss the role and position of stake-
holders and actors in the DIE. However, some scholars
emphasize this concept as a fully-fledged component
of the DIE (Chae, 2019; Kolloch & Dellermann, 2018;

SOCIAL

Source: Authors’ contribution.
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Rao & Jimenez, 2011; Wang, 2018, 2019, 2021; Yin
et al., 2020).

We believe all ecosystem components are equally
important for the successful functioning of the ecosystem
and exist autonomously, but at the same time, they are in
interaction with each other. At the same time, the tech-
nology and institutional landscape components are meta
elements as they serve as the foundation for the creation,
existence, and development of the other two components
(Physical environment and Social environment). Technologies
and the institutional landscape create conditions for the
interaction of the physical (Physical environment) and the
social component (Social environment) and favor the emer-
gence of other DIEs in the intersection of these fields.

3.5 LSA: Validation of DIE conceptual
framework

To further validate the DIE conceptual framework and,
therefore, to grant our results additional methodological
robustness, we looked beyond the results of the qualitative
investigation and coding and performed an LSA of the 43
retrieved papers. Essentially, here, we treat LSA as a form
of quantitative triangulation to our qualitatively derived
taxonomy and a way to further validate qualitatively
derived results in a more neutral way that is less prone
to the subjectivity of a researcher.

LSA is a well-established natural language processing
technique based on the distributional hypothesis, assuming
that words that are similar in meaning (i.e., have high
semantic similarity) occur in semantically similar docu-
ments (Evangelopoulos, 2013). In essence, it treats words
as variables, while the frequency of a specific word in a
document constitutes a particular observation for a given
variable. The resulting table is called the document-term
matrix (DTM) and it is typically first pre-processed to
account for different documents’ lengths. After that, a sin-
gular value decomposition (SVD) is applied to the DTM,
identically to how a principal component analysis is per-
formed to reduce the number of dimensions in a dataset.

Hence, the initial space of variables is reduced to a
lower number of principal components (or dimensions/
eigenvectors) that jointly summarize the textual corpus
in fewer dimensions while retaining the initial variance
of the DTM. Particularly, the importance of components is
captured in descending order, starting from the most rele-
vant dimension in terms of percentage of captured var-
iance, and then followed by the series of orthogonal
dimensions (therefore, uncorrelated) with diminishing
contributions to the total variance. In this manner, a

complex semantic space can be represented as a series
of orthogonal dimensions in which terms that frequently
co-occur are close to each other. Respectively, those docu-
ments that are overall similar, will tend to cluster.

The main reason we opted for LSA instead of more
complex natural language processing techniques is that,
unlike those, LSA is entirely deterministic and is not veiled
behind the “black box” of weights and biases resulting
from the machine learning processes. Hence, the process
is replicable and leads to identical results each time SVD is
applied. Moreover, LSA is a well-established and validated
technique with a long “pedigree” in computational linguistics.

To begin with, we uploaded the documents to qualita-
tive data analysis software (MAXQDA, release 22.6.1) and
calculated the absolute frequencies of all words across the
43 papers. English language lemmatization was also per-
formed to account for different spellings, plurals, and
words with identical semantic roots (e.g., systems and sys-
tems are counted as one token). We have also applied a
stop word list containing 412 auxiliary words used in
English (e.g., a, above, about, and accordingly) to exclude
terms that carry no particular semantic meaning from the
initial frequency count.

Overall, 20,567 unique words were identified (type-
token ratio = 0.0585). The contributing researchers have
then separately assessed the respective absolute frequency
table and selected all the nouns, verbs, and adjectives
deemed directly or indirectly related to the topic of DIE.
To increase the inter-rate reliability of the results, we com-
pared the respective lists and collegially decided on the
words to include in the final analysis of semantic related-
ness. In total, 48 words were selected. According to LSA
scholars (Landauer et al. 1998), while around 300 dimen-
sions are optimal for moderate-size document collection
(hundreds of thousands of documents), for a smaller-size
textual corpus, like in our case, around 50 dimensions are
sufficient.

Figure 5 shows all the words included in the analysis,
with the size of words linearly proportional to their abso-
lute frequency across papers.

To account for the different lengths of the analyzed
papers, we transformed all the absolute frequencies into
relative ones by dividing (for each of the 43 papers) the
absolute frequency of every keyword (Figure 6) in a paper
by the sum of absolute frequencies of all the keywords
selected for that paper. We then imported the obtained
DTM into RStudio and performed a principal component
analysis on the matrix.

Out of 48 initial variables, PCA extracted 40 uncorre-
lated components (dimensions). In order to understand
which principal components are important for the
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interpretation, it is customary to rely on the scree plot
(Figure 6) reporting the contribution of the individual
components to the overall variance. In particular, Figure 6
shows the first ten components’ contributions. Given a
relatively gradual decrease in variance explained and,
hence, the difficulty in interpreting principal components
beyond the second one, only the first two dimensions

Source: Authors’ contribution.

6 7 8 9 10
Source: Authors’ contribution.

(accounting for roughly 20% of explained semantic varia-
bility of the analyzed papers) were analyzed in-depth.
Figure 7 shows the correlation of the variables (key-
words) with the two most contributing PCA dimensions. As
such, it can be understood as a summary representation of
the semantic space of the 43 papers included in the review.
Accordingly, terms that are close to each other (i.e., when
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the angle between vectors is small and the length of vec-
tors is similar) are more likely to appear together in a
document.

The horizontal dimension, which is also the most
important in terms of the overall contribution to the con-
struction of the PCA plane, seems to highlight the crucial
conceptual distinction between papers primarily focused
on technology-related themes and topics in the north-east
and south-east parts of the plane (e.g., feature, algorithm,
data, internet, game, feature, development, manufacture,
and technology), and papers that are mainly dealing
with topics related to business, management, and com-
mercialization of the final products (e.g., product, business,
firm, customer, market, organization). The vertical axis
was more challenging to interpret. Still, the presence of
the most significantly contributing keyword (market) in
the northmost part of the graph suggests that the vertical
axis captures the conceptual distinction between papers
emphasizing the role of institutional macro and meso-level
elements in the northern quadrants (e.g., market, univer-
sity, environment, industry, economic, and government)
and aspects related most abstract analyses of strategical
importance (e.g., knowledge, platform, co-creation) in
southern quadrants of the plane. The latter clearly indicates

Source: Authors’ contribution.

that the papers in this part of the graph are more centered
on what we call meta-level analysis, treating themes and
topics common to micro, meso, and macro levels of ana-
lyses. Moreover, when it comes to the DIE framework
(Figure 5), the keywords denoting all of its elements are
present in the PCA results. While the embedded institu-
tional environment is clearly captured by the vertical axis
and technology is captured by the horizontal axis, key-
words denoting both physical and social environments
are distributed more or less evenly on the plane (e.g,
customer, actor, ecosystem, organization, and firm).

A valid follow-up to a visual exploration of PCA results
is typically given by an agglomerative hierarchical clustering.
The method follows a “bottom-up” approach, starting with
single observations being considered as clusters on their
own, and then proceeding through the aggregation of clus-
ters until within-class variance is minimized and between-
class variance is maximized. In the context of this work,
the clustering was performed to further validate the inter-
pretation of the PCA factorial plane (and, hence, the under-
lying semantic space it represents).

To perform the clustering, the Euclidean distance was
chosen to measure the similarity between individual
observations (papers), and Ward’s linkage method was
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Figure 8. Cluster dendrogram projected on the first two PCA dimensions.

used to ensure partitioning with small within-class varia-
bility and high between-class variability. Figure 8 shows
the resulting cluster dendrogram projected onto the first
two PCA dimensions (with dots denoting individual papers).
The partitioning of papers into three macro-thematic clus-
ters was deemed optimal by the R package used for the
analyses (Factoshiny). Indeed, additional variability gains
from considering the fourth cluster and onward were not
substantial.

Table 5 shows the importance of individual keywords
(and, hence, the related themes and topics) in the three
clusters. Some keywords, such as “digital,” “system,” “net-
work,” and others, present in the semantic space, are com-
pletely missing within the clusters’ definitions as they
were not significantly contributing to clusters’ definitions.
In essence, those were equally present not only within

Source: Authors’ contribution.

clusters, but also between them, and the related differ-
ences were not statistically significant. In this regard,
Table 5 reports the ten most contributing keywords to
the definition of each cluster (with p-value < 0.05).
Cluster 1 is the most numerous and is defined mainly
in terms of keywords related to different organizational
and business factors of micro and meso levels of analysis
while also emphasizing physical and social environment
components of the DIE framework (e.g., actor, business,
organization). Cluster 2 is the most balanced, albeit least
numerous. Indeed, the related papers mainly seem to
belong to the meta-level of analysis, showcasing topics
of more transversal relevance (e.g., co-creation, strategy,
knowledge, and improve). The emphasis, however, is slightly
in favor of managerial and organizational topics rather
than blockchain technology itself (e.g., contract, distributor,

Cluster 1 — keywords Cluster 1 - Cluster 2 — keywords Cluster 2 - Cluster 3 — keywords Cluster 3 -

contributions contributions contributions
Organization 314 Game 445 Development 4.71
Business 311 Co-creation 3.65 Industry 3.84
Product 3.07 Enterprise 3.25 Environment 313
Firm 2.7 Strategy 2.79 Financial 2.94
Service 27 Platform 2.77 Smart 2.8
Design 2.66 Knowledge 2.37 Technology 2.61
Actor 2.65 Transformation 2.01 Manufacture 2.5
Information 2.52 Improve 147 Economic 245
Ecosystem 2.02 Technological 232
Market 1.2 Company 2.24

Table 5. Ten most contributing keywords (t-scores) within the clusters (p < 0.05).

Source: Authors’ contribution.
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retailer trade). Finally, the third cluster is focused on the
macro level of analysis, emphasizing both institutional (e.g.,
industry, financial, and environment) and technology (e.g.,
smart, technology, and manufacture) factors.

In conclusion, clustering analysis mirrors the opposition
and integration of micro-macro dynamics in the definition of
DIE, as resulting from qualitative analysis and depicted in
Figure 4. The opposition is captured mainly by the most con-
tributing variables (highest t-scores in Table 5), which are
more organization-centric in the first cluster, and more con-
text-centric in the third, with the second cluster being more
balanced. The integration dynamics are also present as cer-
tain synonyms have contributed to the creation of distinct
clusters —i.e., firm, business, enterprise, and company. Hence,
the identified categories and different levels of analysis of the
conceptual framework in Figure 4 are all distinctly repre-
sented within the analyzed semantic structure of the ana-
lyzed textual corpus.

4. Conclusion

This research examined the phenomenon of DIES as it is
presented in the scientific discourse nowadays. The SRL
approach sheds light on the state of academic discourse on
the topic and gives insights into the nature of the DIE and
contributes to the formulation of the comprehensive defi-
nition of the DIE, identification of its components, and
elaboration of the conceptual framework that illustrates
the interconnections inside the DIE. The DIE conceptual
framework was further statistically validated by the LSA.
Four system levels of the DIE operation were also distin-
guished and discussed.

The authors see the main limitation of the study in a
limited literature sample; however, the literature studied
represents a significant contribution to the rising scientific
discourse on the topic. The authors intentionally focused
their literature review solely on discussions related to DIEs,
excluding other ecosystems’ types with similar characteristics;
this approach aimed to study the specific attributes of DIEs as
they are understood and implemented by scholars. Future
research could help overcome the above-mentioned limita-
tions. Future studies could focus on comparing different types
of ecosystems, which would reveal their differences and com-
plementarities. This approach could provide evidence of
how these ecosystems can cooperate, what their key
dimensions are, and the role of stakeholders within
them. Another promising research avenue is shifting
from theoretical discussion to practical application. To
achieve this, the DIE concept could be implemented in a
real-life environment to assess its viability.

Despite the fact that the DIE discourse is at an early
stage of its development, the present study may provide
some interesting scientific contributions and managerial
implications. The theoretical contribution of this research
lies in the conceptualization of common elements of DIES
within scientific discourse, filling a previously overlooked
gap in the literature. A shared understanding of DIEs’ defi-
nitions and conceptual framework can stimulate future
academic research and discourse. The research provides
several managerial and institutional implications. DIEs
can become a meeting point for businesses, local admin-
istrations, and skilled human capital. Development and
conscious participation in DIEs will allow businesses to
create and share knowledge and value, produce innova-
tions, create collaborations, and attract creative human
capital; at the same time, IT businesses can become sup-
pliers of digital technologies for the DIE development.
Local and country administrations must take care of
the creation of favorable institutional context in terms
of laws, regulations, and policies that will guide coopera-
tion between DIE stakeholders.

Funding information

Authors state no funding involved.

Author contributions

Irina Gorelova: concept, data acquisition, analysis and
interpretation, writing, critical revision; Thor Rudko:
concept, data acquisition, analysis and interpretation,
writing, critical revision; Fabrizio D’Ascenzo: concept,
analysis and interpretation, guidance, critical revision;
Francesco Bellini: concept, analysis and interpretation,
guidance, critical revision.

Conflict of interest statement

Authors state no conflict of interest.

Data availability statement

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author
on reasonable request.



Irina Gorelova et al.

References

Adner, R. (2006). Match your innovation strategy to your
innovation ecosystem. Harvard Business Review,
84(4), 98-107.

Adner, R., & Kapoor, R. (2010). Value creation in innovation
ecosystems: How the structure of technological inter-
dependence affects firm performance in new tech-
nology generations. Strategic Management Journal,
31, 306-333.

Al-Sulaiti, A., Madhoun, I. T., Abdella, G. M., Al-Yafei, H., &
Hamouda, A. M. (2023). Innovation ecosystems in
hydrocarbon-based economies: Opportunities and
challenges. Sustainability, 15, 14194.

Amit, R, & Han, X. (2017). Value creation through novel
resource configurations in a digitally enabled world.
Strategic Entrepreneurship Journal, 11, 228-242.

Basole, R. C. (2009). Structural analysis and visualization of
ecosystems: A study of mobile device platforms.
Americas Conference on Information Systems (AMCIS)
Proceedings.

Baumane-Vitolina, 1., & Dudek, D. (2020). Innovation eco-
systems in the context of economic development: A
case study of Krakéw, Poland. Studies of Transition
States and Societies, 12, 32-52.

Beltagui, A., Rosli, A., & Candi, M. (2020). Exaptation in a
digital innovation ecosystem: The disruptive impacts
of 3D printing. Research Policy, 49, 1-16.

Chae, B. K. (2019). A General framework for studying the
evolution of the digital innovation ecosystem: The
case of big data. International Journal of Information
Management, 45, 83-94.

Chen, H., & Cai, S. (2023). Research on evaluation and
influencing factors of regional digital innovation eco-
system resilience-empirical research based on panel
data of 30 provinces and cities in China. Sustainability,
15(13), 1-20.

Cui, Z., Liu, X, Qin, H., & Ji, H. (2022). Differential game
analysis of enterprises investing in new infrastruc-
ture and maintaining social network security under
the digital innovation ecosystem. IEEE Access, 10,
69577-69590.

Cvar, N, Trilar, J., Kos, A., Volk, M., & Duh, E. S. (2020). The
use of IOT technology in smart cities and smart vil-
lages: Similarities, differences, and future prospects.
Sensors (Switzerland), 20, 1-20.

Dall-Orsoletta, A., Romero, F., & Ferreira, P. (2022). Open and
collaborative innovation for the energy transition: An
exploratory study. Technology in Society, 69, 101955.

Dodgson, M., Gann, D. M., & Phillips, N. (2014) The Oxford
handbook of innovation management. Oxford University
Press.

Dumitra, E. C, Stana, C., Popa, C., & Manea, C. (2022).
Digitalisation: Connecting businesses to consumers.
In Proceedings of the 5th International Conference on
Economics and Social Sciences.

Durach, C. F., Kembro, J., & Wieland, A. (2017). A new para-
digm for systematic literature reviews in supply chain
management. Journal of Supply Chain Management,
54(4), 67-85.

Evangelopoulos, N. E. (2013). Latent semantic analysis.
Wiley Interdisciplinary Reviews: Cognitive Science,
4(6), 683-692.

Filatova, M. V., Sirotkina, N. V., Nerozina, S. Y., Stukalo, O.
G., Slepokurova, A. A, & Tsukanova, K. A. (2020).
Innovation ecosystem management within the frame-
work of digitalization. In Russian Conference on Digital
Economy and Knowledge Management (RuDEcK 2020)
(pp. 183-188). Atlantis Press.

Ghezzi, A, Cavallo, A, Sanasi, S. & Rangone, A. (2022).
Opening up to startup collaborations: Open business
models and value co-creation in SMES. Competitiveness
Review, 32(7), 40-61.

Gorecky, D., Romer, D., & Kim, D. Y. (2019). Accelerating
technological advancement and adoption of industry
4.0 technologies: Smart-factory labs, digital capability
centers and lighthouses networks. In International
Congress and Conferences on Computational Design
and Engineering.

Granstrand, O., & Holgersson, M. (2020). Innovation eco-
systems: A conceptual review and a new definition.
Technovation, 90-91, 1-12.

Gregori, P., & Holzmann, P. (2020). Digital sustainable
entrepreneurship: A business model perspective on
embedding digital technologies for social and environ-
mental value creation. Journal of Cleaner Production,
272, 122817.

Gy, Y, Hu, L., Zhang, H.,, & Hou, C. (2021). Innovation eco-
system research: Emerging trends and future research.
Sustainability, 13, 11458.

Hagedoorn, J. (1996). Innovation and entrepreneurship:
Schumpeter revisited. Industrial and Corporate Change,
5(3), 883-896.

Huru, D., Paraschiv (Gherman), A. M., & Santa, A. M. L
(2021). Romania digitalisation and competition in the
European Union. In Proceedings of the 4th International
Conference on Economics and Social Sciences.

Iansiti, M., & Levien, R. (2004). The keystone advantage:
What the new dynamics of business ecosystems meanfor




Conceptualizing and defining digital innovation
ecosystems

strategy, innovation, and sustainability. Harvard Business
School Press.

Ji, H,, Zou, H., & Liu, B. (2023). Research on dynamic
optimization and coordination strategy of value co-
creation in digital innovation ecosystems. Sustainability,
15(9), 1-28.

Kewen, L., & Junji, L. (2022). Evolutionary game analysis of
digital innovation ecosystem governance. In A. E.
Hassanien, Y. Xu, Z. Zhao, S. Mohammed, & Z. Fan
(Eds.), Business intelligence and information technology.
BIIT 2021. Lecture notes on data engineering and com-
munications technologies (vol. 107). Springer.

Kindermann, B., Salge, T. O., Wentzel, D., Flatten, T. C.,, &
Antons, D. (2022). Dynamic capabilities for orches-
trating digital innovation ecosystems: Conceptual inte-
gration and research opportunities. Information and
Organization, 32(3), 1-16.

Kolloch, M., & Dellermann, D. (2018). Digital innovation in
the energy industry: The impact of controversies on
the evolution of innovation ecosystems. Technological
Forecasting and Social Change, 136, 254-264.

Landauer, T. K., Foltz, P. W., & Laham, D. (1998). An intro-
duction tolatent semantic analysis. Discourse processes,
25(2-3), 259-284.

Li, Y, Fu, K, Gong, X,, Xiang, Z., Zhang, J., & Liao, C. (2022).
Research on value co-creation mechanism of platform
enterprises in digital innovation ecosystem: A case
study on Haier HOPE platform in China. Frontiers in
Psychology, 13, 1-15.

Li, M., & Liu, Y. (2023). The influence of digital innovation
ecosystem of high-end equipment manufacturing on
the intelligent maturity of enterprise — an empirical
study on the configuration of the “three-layer core-
periphery” structure. Business Process Management
Journal, 30(1), 199-221.

Liao, M., Gao, Z., Zhou, J., & Li, D. (2023). Business model
innovation driven by corporate social responsibility in
a digital innovation ecosystem: Evidence from Chinese
manufacturers. Managerial and Decision Economics,
46(4), 2103-2119

Liu, J,, Ning, L., & Gao, Q. (2023a). Research on the knowledge
transfer mechanism of digital platform in the digital inno-
vation ecosystem: An improved model of SIR embedded
in symbiosis theory. Kybernetes, 54(1), 622-645.

Liu, B, Zou, H,, Qin, H,, Ji, H., & Guo, Y. (2023b). An evolu-
tionary game analysis of digital transformation of
multiagents in digital innovation ecosystems. PLOS
ONE, 18(7), 1-24.

Mai, B. T., Nguyen, P. V., Ton, U. N. H. & Ahmed, Z. U.
(2024). Government policy, IT capabilities, digital

transformation, and innovativeness in Post-Covid
context: Case of Vietnamese SMEs. International Journal
of Organizational Analysis, 32(2), 333-356.

Maurer, F. (2021). Business intelligence and innovation: A
digital innovation hub as intermediate for service
interaction and system innovation for small and
medium-sized enterprises. In Working Conference on
Virtual Enterprises (pp. 449-459). Springer.

Misséri, V. (2013). Local ecosystem versus digital eco-
system: A different purpose than multiple innovation
platforms. In Proceedings — 2013 8th International
Conference on P2P, Parallel, Grid, Cloud and Internet
Computing, 3PGCIC 2013 (pp. 688—694).

Moroianu, S., Iacob, S. E., & Consantin, A. (2023). Artificial
intelligence in education: A systematic review. In
Proceedings of the 6 th International Conference on
Economics and Social Sciences.

Mutegi, L., Van Belle, J., & Sevilla, J. (2023). Assessing
Kenya’s Technology Innovation Ecosystem Towards
Digital Entrepreneurship Success. 2023 IST-AFRICA
CONFERENCE, IST-AFRICA.

Nambisan, S., Wright, M., & Maryann Feldman, M. (2019).
The digital transformation of innovation and entre-
preneurship: Progress, challenges and key themes.
Research Policy, 48(8), 103773.

Nepelski, D. (2019). How to facilitate digital innovation in
Europe. Intereconomics, 54, 47-52.

Page, M. J., Moher, D., Bossuyt, P. M., Boutron, I, Hoffmann, T.
C., Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., Akl E. A,
Brennan, S. E., & Chou, R. (2021). PRISMA 2020 explana-
tion and elaboration: Updated guidance and exemplars
for reporting systematic reviews. BMJ, 372(71), 1-36.

Pistorio, A., Gastaldi, L., & Corso, M. (2018). The develop-
ment of digital innovation ecosystem: The key role of
policymakers. In 40th R&D Management Conference
“R&Designing Innovation: Transformational Challenges
for Organizations and Society.” (pp. 1-17).

Purbasari, R, Munajat, E., & Fauzan, F. (2022a). Digital innova-
tion in the digital innovation ecosystem: A digital colla-
boration networks approach. Review of Integrative
Business and Economics Research, 12(3), 200-216.

Purbasari, R., Munajat, E., & Fauzan, F. (2023). Digital inno-
vation ecosystem on digital entrepreneur: Social net-
work analysis approach. International Journal of E-
Entrepreneurship and Innovation, 13(1), 1-21.

Purbasari, R., Munajat, E., Fauzan, F., Kostini, N., &
Sukmadewi, R. (2022b). Mapping actors in the digital
innovation ecosystem to support innovation in digital
startup. Review of Integrative Business and Economics
Research, 12(4), 134-148.



Irina Gorelova et al.

Raabe, J-P., Drews, P.,, Horlach, B, & Schirmer, I. (2021).
Towards an intra-and interorganizational perspective:
Objectives and areas of activity of digital innovation units.
In HICSS. Proceedings of the 54th Hawaii International
Conference on System Sciences (pp. 5902-5911).

Rao, B., & Jimenez, B. (2011). A comparative analysis of
digital innovation ecosystems. In PICMET: Portland
International Center for Management of Engineering
and Technology, Proceedings.

Rocha, C. F., da Silva, M. V. G., Pagnoncelli, V., & de Lima, L.
A. A. (2018) Ecosystem of Innovation in Industry 4.0:
The case of collaborations in Startups in Brazil.
International Journal for Innovation Education and
Research, 12(6), 26-38.

Rocha, C. F,, Mamédio, D. F., & Quandt, C. O. (2019). Startups
and the innovation ecosystem in Industry 4.0. Technology
Analysis & Strategic Management, 31, 1474-1487.

Rocha, C, Quandt, C., Deschamps, F., Philbin, S., & Cruzara, G.
(2021). Collaborations for digital transformation: Case
studies of industry 4.0 in Brazil. IEEE Transactions on
Engineering Management, 70(7), 2404-2418.

Ruohomaa, H., Salminen, V., & Lihteenmaéki, N. (2020). 5G
as a driver for transition of digitalization in eco-
system-based development. Advances in Intelligent
Systems and Computing, 1209, 35-43.

Savastano, M., Amendola, C., Bellini, F., & D’Ascenzo, F.
(2019). Contextual impacts on industrial processes
brought by the digital transformation of manufac-
turing: A systematic review. Sustainability, 11, 891.

Schwertner, K. (2017). Digital transformation of business.
Trakia Journal of Sciences, 15(1), 388-393.

Shepherd, ]. (2004). What is the digital era?. Social and
economic transformation in the digital era. (G. Doukidis,
Ed.) (pp. 1-18). IGI Global.

Suseno, Y., Laurell, C., & Sick, N. (2018). Assessing value
creation in digital innovation ecosystems: A social
media analytics approach. Journal of Strategic Information
Systems, 27, 335-349.

Tranfield, D., Denyer, D. & Smart, P. (2003). Towards a
methodology for developing evidence-informed man-
agement knowledge by means of systematic review.
British Journal of Management, 14, 207-222.

van der Poll, H. M. (2022). The barriers and drivers of
environmental management accounting practices’
adoption in developed and developing countries for
sustainable development. Sustainable Development,
30(5), 1222-1234.

Vanhamaki, S., Medkova, K., Malamakis, A., Kontogianni, S.,
Marisova, E., Dellago, D. H., & Moussiopoulos, N. (2019).

Bio-based circular economy in European national and
regional strategies. International Journal of Sustainable
Development and Planning, 14(1), 31-43.

Vasin, S., Gamidullaeva, L., Tolstykh, T., Rostovskaya, T., &
Skorobogatova, V. (2018). From innovation system
through institutional transformation to digital innova-
tion ecosystem. In Proceedings of the 31st International
Business Information Management Association
Conference, IBIMA 2018: Innovation Management
and Education Excellence through Vision 2020 (pp.
4620-4633).

Verhoef, P. C.,, Broekhuizen, T., Bart, Y., Bhattacharya, A.,
Dong, J. Q., Fabian, N., & Haenlein, M. (2021). Digital
transformation: A multidisciplinary reflection and
research agenda. Journal of Business Research, 122,
889-901.

Wang, P. (2018). Taking the “Eco” seriously: A multilevel
model of digital innovation ecosystems. In Proceedings
of the 22nd Pacific Asia Conference on Information
Systems - Opportunities and Challenges for the Digitized
Society: Are We Ready?, PACIS 2018.

Wang, P. (2019). Theorizing digital innovation ecosystems:
A multilevel ecological framework, In 27th European
Conference on Information Systems - Information Systems
for a Sharing Society, ECIS 2019.

Wang, P. (2021). Connecting the parts with the whole:
Toward an information ecology theory of digital innova-
tion ecosystems. MIS Quarterly: Management Information
Systems, 45, 397-422.

Whyte, J. (2019). How digital information transforms pro-
ject delivery models. Project Management Journal, 50,
177-194.

Wolfert, S., Verdouw, C., van Wassenaer, L., Dolfsma, W., &
Klerkx, L. (2023). Digital innovation ecosystems in
agri-food: Design principles and organizational fra-
mework. Agricultural Systems, 204, 103558.

Wu, B., & Negassi, S. (2023). Symbiotic evolution mechanism
of the digital innovation ecosystem for the smart car
industry. Sustainability, 15(20), 14939.

Xu, Y. (2020). Digital innovation ecosystem: Research
context, research hotspot and research trends-
knowledge mapping analysis using citespace.
Journal of Electronics and Information Science,
5, 72-80.

Xu, Y., Sun, H, & Lyu, X. (2023). Analysis of decision-
making for value co-creation in digital innovation sys-
tems: An evolutionary game model of complex net-
works. Managerial and Decision Economics, 44(5),
2869-2884.




Conceptualizing and defining digital innovation

ecosystems
|
Yin, D., Ming, X., & Zhang, X. (2020). Sustainable and smart research. Information Systems Research, 21(4),
product innovation ecosystem: An integrative status 724-735.
review and future perspectives. Journal of Cleaner Zou, H., Ji, H., Qin, H., Guo, Y., & Yang, X. (2022). Research
Production, 274, 123005. on the strategy evolution of knowledge innovation
Yoo, Y., Henfridsson, O., & Lyytinen, K. (2010). Research in an enterprise digital innovation ecosystem:
commentary — the new organizing logic of digital Kinetic and potential perspectives. IEEE Access, 10,
innovation: An agenda for information systems 78764-78779.



	1 Introduction
	2 Research methodology
	3 Results and discussion
	3.1 Characteristics of the studied literature
	3.2 Definitions of the DIEs
	3.3 Characteristics of the DIEs
	3.3.1 Macro level DIEs
	3.3.2 Meso level DIEs
	3.3.3 Micro level DIEs
	3.3.4 Meta level DIEs

	3.4 DIEs integrative conceptualization
	3.5 LSA: Validation of DIE conceptual framework

	4 Conclusion
	mk:H1_14
	Funding information
	Author contributions
	Conflict of interest statement
	Data availability statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


