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Abstract

The importance of data as a strategic resource for the development of innovation is steadily growing. Data-
driven value creation increasingly requires cross-company collaboration between various actors with
different roles in so-called data ecosystems. So far, however, the existing knowledge in the research field
around data ecosystems is still relatively limited. In particular, the relationships and interdependencies
between the different actors in a data ecosystem are not well understood yet. To address this research gap,
we conduct a structured literature review and interview eleven experts from practice to identify
characteristics of relationships between actors in data ecosystems. Among other things, the results show that
both tangible characteristics, such as a clear exchange of values, and intangible characteristics, such as trust,
are distinguishing features of the relationships between actors in data ecosystems. These study results can
serve as a tool for both researchers and practitioners to better understand data ecosystems in general and the
relationships and interactions that occur within them.
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1. Introduction

The ongoing digitization of the economy and society leads to large amounts of data. Advancing data analytics
techniques are harnessing these data volumes and driving changes in existing businesses as well as the
emergence of novel business opportunities [1]. At the same time, this development leads to internal company
data increasingly being used externally and vice versa, and consequently to organisational boundaries being
broken down [2]. These circumstances result in data-driven innovation and economic value creation being
less and less created by individual organizations or in traditional value chains [3]. Instead, today's business
world is becoming increasingly interconnected, combining various data sources from different organizations
in cross-industry, sociotechnical networks — so-called data ecosystems [4]. Both researchers and practitioners
argue that now and in the future, ecosystem participation is not a choice but a necessity for companies to
take advantage of data sharing and remain competitive in the long term [5,4]. Despite that, many companies
still refuse to share their data across companies and thus cannot use the potentials of data ecosystems for
their benefits [6]. Especially in traditional sectors such as production and logistics, data is still comparatively
rarely shared beyond company boundaries [7]. One rationale for this is seen in the lack of studies and the
consequent absence of generally accepted theories and models for data ecosystems [8,4]. [9] conclude in
their systematic review of the data ecosystem literature that more research is needed regarding relationships
of actors and their characteristics in data ecosystems for theory development. This can be reasoned by the
fact that the relationships between the actors create and span the ecosystem and ultimately determine how it
functions [10]. In addition, understanding the types of relationships and interactions between the actors is an
important step in building and developing a data ecosystem [11]. A better understanding of the actor’s roles
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and their interrelationships can help to describe data ecosystems more precisely and formally and can serve
as a basis for the development of a meta-model or an ontology, for example [12]. To the best of our
knowledge, there is no scientific publication yet that deals with the detailed description of the characteristics
of relationships in data ecosystems and addresses the research gap mentioned above. To contribute to a
deeper understanding of the evolving research field around data ecosystems, we want to address this research
gap and answer the following research question in this paper:

Research Question: How can the relationships of actors in data ecosystems be described and
characterized?

To answer this research question, we develop an overview and description of the characteristics of
relationships in data ecosystems. The results are grounded both in the scientific literature, through the
conduct of a structured literature review, and in practice, with the help of expert interviews.

The remainder of this paper is structured as follows: After the introduction, we outline the theoretical
background of data ecosystems, their roles and relationships, and draw a distinction to existing preliminary
work. In Section 3, we outline our research approach and data collection processes. The characteristics of
relationships in data ecosystems that we identified are described in section 4. The paper concludes with a
discussion of the results and implications for research and practice.

2. Research background

2.1 Data ecosystems

The term ecosystem was coined by the biologist Arthur Tansley [13] who proposed a concept to describe
the interactions between organisms of different species and their environment as an integrated system
[14,15]. Based on this definition, various strands of research have since emerged in which the principles of
the biological ecosystem concept are applied to other domains. One of the most popular concepts is the one
of business ecosystems which were popularized by James Moore [16]. He uses this concept to describe
interacting organizations as an “economic community” that aims to produce innovative products and services
for customers, which are also part of the business ecosystem [16]. The increasing penetration of digital
technologies within the business world has led to the analogy of digital ecosystems, which is seen as a
“digital version” of business ecosystems [2]. The focus of this study lies on data ecosystems, which can be
seen as a special type of digital ecosystems [17]. Following other ecosystem concepts, data ecosystems
consist of diverse interactions between multiple actors that contribute to the creation and manipulation of a
resource — which in this case are data — through joint activities [4]. On that basis, we see the focus of data
ecosystems in the cross-actor generation, processing, sharing, and use of data with the goal to create added
value for all actors involved [18,9].

Data ecosystems have certain characteristics that distinguish them from other forms of inter-organizational
cooperation, such as traditional value chains or networks [19,15]. One characteristic is the lack of clear
ecosystem boundaries, which can lead to varying degrees of interdependencies and relationships among the
participating actors and ultimately to a heterogeneous and changing set of members [10]. Another
characteristic is referred to as “co-evolution” [10]. It describes the condition that the development of one
actor can positively affect the development of the other actors, resulting in benefits for all involved [15].
This is also because the ecosystem actors can have cooperative and competitive relationships at the same
time — also known as coopetition [15,20].

2.2 Roles and relationships in data ecosystems

Based on the definition above, a data ecosystem consists of multiple actors. An actor is an autonomous entity,
such as a company, an institution, or an individual person [4]. Depending on various factors, e.g., the
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motivation and capabilities of the actors, they perform different functions in the data ecosystem. A function
or activity performed separately in this way is called a role within the ecosystem [18]. An individual actor
may in turn perform one or more of these roles in a data ecosystem [21,12]. Exactly which roles can exist in
a data ecosystem and which roles are essential is still debated in the literature [9]. However, there is a general
agreement that there need to be at least three roles in a data ecosystem [22,23]. First, this is the role of the
data provider who is responsible for the generation and collection of data [18,9]. Second, it requires a role
that analyses and interprets data which is called analysis service provider [24]. Last, the information gained
through data analysis is used by the data user role to generate value from it [25]. In addition to these three
roles, the role of the so-called “keystone” actor is also frequently mentioned in the literature [9]. In some
data ecosystems, this role may be responsible for providing most of the data as well as promoting the
ecosystem, and thus may be instrumental in the ecosystem's growth and success [11,26]. Nevertheless, there
are also data ecosystems that have a rather decentralized, distributed organizational form and thus operate
without a central actor [8,27]. Instead, these ecosystems are held together by their common goal of shared
value creation [11,9]. Since there is already some basic understanding about the roles in data ecosystems and
several papers already exist on this topic (see e.g. [4], [9], or [18]), we do not focus on the detailed description
of roles in data ecosystems in this paper. Instead, we concentrate on describing and characterizing the
relationships between the data ecosystem actors. The reason for this is that the individual actors in a data
ecosystem do not generate added value on their own. Rather, the added value arises through the interactions
and relationships among each other, such as the exchange and sharing of data [11,12]. Building on [4], we
see a relationship in a data ecosystem as an interaction between two data ecosystem actors, which is
influenced by their roles and characterized by certain attributes. The detailed description of these
characteristics is the goal of this paper.

In the scientific literature on data ecosystems, there is little prior work that has explicitly addressed the
relationships and interactions between the different actors of a data ecosystem. Noteworthy in this context,
however, are the works of [12], [8], and [21]. Based on a literature review, [12] developed a meta-model
describing the basic concepts of data ecosystems and their relationships to each other. However, the authors
only identify the essential elements such as actors, roles, relationships, and resources of data ecosystems and
do not go into further detail or elaborate on characteristics of the individual elements such as the
relationships. The study by [8], who developed a taxonomy for data ecosystems, has a similar focus. The
taxonomy contains the essential characteristics and dimensions of data ecosystems but does not include
specific characteristics of actor relationships. [21], conversely, examine in more detail the relationships and
interactions in what they call data exchange ecosystems. However, the authors base their analysis on graph
theory, which leads them to describe only structural features of relationships in data ecosystems, such as the
number of relationships. We believe, by contrast, that this does not take into account all the characteristics
of relationships, such as trust as an informal characteristic [27].

3. Research approach

To answer the research question formulated above, we aim to describe the characteristics of relationships in
data ecosystems in a structured and concise way. For this, we conducted a structured literature review that
is based on standardized and accepted guidelines in our research field (see section 3.1). To incorporate
insights from practical reality into the research findings of this paper, we also conducted a series of eleven
expert interviews (see section 3.2). In this way, we were able, on the one hand, to define and describe an
initial number of characteristics through the literature analysis. On the other hand, we were able to validate
and specify the characteristics identified in the expert interviews on the basis of the literature.
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3.1 Literature review

We conducted a structured literature review following the approach described by [28] and the guidelines by
[29]. Based on the research question formulated above, we chose Scopus as our scientific literature database
because it contains more than 25,100 titles from more than 5,000 international publishers and thus promises
very good results for our field of interest as it indexes the most relevant journals and conference proceedings
[30]. We used the search string “data ecosystem” OR “data-driven ecosystem” OR “data-based ecosystem”
as these terms are used synonymously by some authors [8]. The results were limited to English-language
literature and peer-reviewed only. As a result, we received 457 as the initial set of publications. Within this
first set, we reviewed the titles, abstracts, and keywords of the articles to check whether a hit fit the research
scope. If the content of an article remained unclear, we examined the whole paper. We eliminated
publications that did not fit our research scope or had no relevance with data ecosystems and the relationships
between their roles. For example, we excluded papers dealing with the so-called Big Data Ecosystem (see
e.g. [31]) as these often describe the software ecosystem around Hadoop and therefore have a different focus
than the data ecosystems we intend to study. Eventually, this resulted in 64 relevant papers. In a second
iteration, we complemented the literature set with a forward- and backward-search, as suggested by [28], to
identify additional relevant publications. This led to the consideration of 12 additional useful articles.
Consequently, a total of 76 articles were considered for the literature review. Figure 1 provides an overview
of the literature search process. We analysed the publications thoroughly to extract scientific insights about
the key features and characteristics of relationships between actors in data ecosystems from the body of
literature.

Keyword search in Scopus Review Ofl?et;?;’oilg:tracm’ and Forward and backward search
(n=457) (= 64) (n=176)

Figure 1: The structured literature review process

3.2 Expert interviews

To gain insights into the real-world environment, i.e., the relationships between actors within data
ecosystems, we conducted a series of eleven interviews with different experts. Before conducting the
interviews, we created an interview guide to ensure that all conversations covered a similar range of topics,
characterizing the interviews as semi-structured [32]. All interviews were conducted remotely via Internet
communication tools, recorded, transcribed, and anonymized. The analysis of the transcripts followed a
qualitative context analysis [33]. To support our findings in this work, we follow the recommendation of
[34] and cite power and proof quotes in the presentation of our results, i.e. quotes that strongly underline the
point we are trying to make.

The selected interviewees come from various industries and functions such as management, project and
operations managers, and consultants (see Table 1). The selection process took care to interview
representatives from organizations that actively take one or more roles in a data ecosystem as well as
representatives from organizations that advise other companies on how to engage in data ecosystems. This
ensured that both an inside view and an outside view of the characteristics of relationships between roles in
data ecosystems were considered. The interviewees were asked questions about the general understanding
of data ecosystems, the relationships and interdependencies between the participating ecosystem roles, as
well as the potentials and challenges that can arise from these relationships. These questions were
particularly concerned with understanding how and why organizations establish relationships with other
actors in data ecosystems.
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Table 1: Overview of the interviewed experts

# Organization / Industry Position Duration [min:ss]|
El Industry association IT Specialist 42:15
E2 Conglomerate Senior Director 47:39
E3 Automotive IT Manager 32:24
E4 Consulting Consultant 27:21
E5 Consulting Consultant 26:53
E6 IT Consulting Senior Consultant 46:25
E7 Industry association Innovation Advisor 39:13
E8 Conglomerate Senior Principal Engineer 40:21
E9 Manufacturing Principal Consultant 36:12
E10 Academy of sciences Scientific Officer 33:37
Ell Manufacturing Board Member 44:28
4. Results

In this section, we present the results of our methodological approach. Overall, we were able to identify the
six characteristics Value Stream, Co-Creation, Interdependence, Trust, Intention, and Relevance. These
characteristics are explained in detail in the following:

Value Stream — Every relationship in a data ecosystem is based on a value stream. By definition, within
data ecosystems, these value streams focus on the exchange and sharing of data. However, both the literature
and the expert interviews made it clear that data providers do not necessarily have to receive data in return
for their data offering (see e.g. [22]). Instead, data providers can be compensated for their data in various
ways. Expert 10 put it as follows: “And in this data ecosystem, the people interact in some way and then
have some kind of interaction with each other. Most of the time, the data goes from one person to another,
who perhaps pays money for it or can offer a service for it...”. However, the simplest form of compensation
is money, as money is easy to handle and applicable in many situations [35]. At the same time paying money
implies the challenge of valuing data in monetary terms [36]. This is one of the reasons why data providers
often receive a data-driven service in return for their data instead of money [18]. An example that was
mentioned by some experts was the use case in which a machine operator makes his data available to a
service provider and receives a predictive maintenance service in return. Consequently, the value stream
between two actors in a data ecosystem consists of the exchange of data, money, or services. It is usually
easy to determine which value is exchanged between the roles, but it is often difficult to say whether they
have the same (monetary) value.

Co-Creation — The second identified characteristic of relationships in data ecosystems is the strong degree
of collaboration between the actors to jointly create value. In the literature, this is also referred to as value
co-creation [18,3]. This is due to the fact that in data ecosystems, various actors converge, who can offer
different data, and because they may have varying data analysis capabilities [11,9]. Only through close
collaboration between these ecosystem actors value can ultimately be created for all involved stakeholders
[37]. In the interviews with the industry experts, it became clear that in all data ecosystems, one actor cannot
take on all the necessary roles and tasks, and therefore the collaboration of different actors is inevitable for
the realization of most use cases. “In a data ecosystem companies are engaged in value-adding activities
based on data and jointly develop new service-providing products or services” said expert 5. In turn, expert 1
emphasizes that this collaboration is particularly relevant for small and medium-sized enterprises as their
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size makes them dependent on other companies to be able to exploit the potential arising from data
ecosystems. The degree and quality of collaboration between two actors are difficult to quantify. However,
an indication of a high degree of collaboration could be the frequency of communication, i.e. the exchange
of data and information between the actors [21].

Interdependence — Related to the characteristic co-creation is the characteristic interdependence. It
describes the degree to which different actors in the ecosystem must interact and share data to perform their
roles and tasks [38]. Expert 4 has expressed this as follows: “Characteristic of a data ecosystem is that the
actors are dependent on each other in some way. For some companies, this dependence on others may be
stronger than for others.” Analogous to other ecosystem types, this interdependence can vary [8]. Close and
highly dependent relationships are called tightly coupled [39]. Loosely coupled refers to relationships that
are less formal and close, suggesting a higher degree of openness in the ecosystem [15]. For example, [21]
showed in their study that the same roles in a data ecosystem usually have little or no relationship to each
other and are therefore relatively independent. The authors explain their findings with the fact that the same
roles in a data ecosystem can be in competition with each other and therefore do not want to exchange data
with each other, for example. However, a dependency does not have to be bilateral. [26] point out, for
example, that in some cases service providers can be very dependent on certain data providers, and therefore,
there may be more of a one-sided dependency.

Trust — It became apparent in both the literature review and the expert interviews that trust is a central
characteristic of any relationship in a data ecosystem. [40] state, for example, “Trust is the fundamental
component of all relationships in a data sharing ecosystem”. In data ecosystems, this usually involves trust
in how other actors handle the data of the data providers and whether they adhere to the agreed terms of use
[18]. Expert 2 highlighted the following in this regard: “But that means you have to trust your supplier not
to, let's say, play fast and loose with your data and pass it on to some other competitor and say to them,
"look how they do it in their factory".” However, it is difficult to say how trust takes shape in a relationship
since trust is an informal factor that can be difficult to measure [17,27]. Nevertheless, theory and practice
agree that relationships in data ecosystems are often built on pre-existing business relationships [11].
Furthermore, in a data ecosystem, various measures such as technological design decisions and formal
agreements can be taken to increase trust in the data exchange and thus in the relationships between the
actors [27,6]. Examples of this are the use of technologies that allow data usage conditions to be defined and
enforced, such as the International Data Spaces [11], or the use of blockchain technologies that can replace
trust in an intermediary [41].

Intention — Every actor in an ecosystem has an incentive and motivation for their participation [15,21]. A
relationship in an ecosystem can only develop if the motivation of both actors matches together [42,4].
However, this is not trivial, as the motivation of an actor is not always clear for the other actors, can be
contradictory in some areas due to competition, or can also change over time [22,11]. A relationship in a
data ecosystem is therefore characterized by a constant tension between the motivations of the actors. Several
experts emphasized in the interviews that a relationship between two actors can only emerge and develop if
the added value of the relationship, i.e. how they can benefit from the collaboration, is clear to both sides.
Expert 11 states in this regard in the interview: “If in the end not everyone benefits, companies would not be
interested. This is one of the basic principles of the industry: "l don't do anything I can't profit from".”

Relevance — Looking at a data ecosystem as an interconnected system, it can be noted that some relationships
are more important to the emergence and functioning of the ecosystem than others. This can be explained
by the fact that some actors bring resources such as data or services into the ecosystem that cannot be
provided at all or only with difficulty by other actors [18]. The relationships that these actors have with other
actors, especially if these are relationships between important actors, may therefore be more relevant to the
functioning of the ecosystem than others [11,21]. Typically, these are the relationships between the data
providers, who offer much of the relevant data, and the analysis service providers, who offer the core service
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of the data ecosystem [18,43]. Conversely, some relationships provide more supportive services to the
ecosystem and are easier to replace. Examples of support services are data quality evaluation or
matchmaking services [43]. A frequently mentioned support service is also the so-called infrastructure
provider [18,17]. However, it became clear in the interviews that this service is difficult to categorize
uniformly in terms of its relevance, since the infrastructure can have a high or rather low relevance depending
on the protection requirements of the shared data. For example, expert 2 said “The technology used for data
sharing can be important in some data ecosystems, but not in others. For example, when it comes to possible
areas of competition, i.e. company X may not be able to run its products over an architecture from company
Y.” For this reason, among others, we believe that the relevance of a relationship in a data ecosystem is
highly context-dependent and can only be determined through qualitative analysis.

5. Conclusion

This study deals with the description and characterization of relationships between actors in data ecosystems.
A precise understanding of the relationships is important as the interactions between the actors span the data
ecosystem and it is only through collaboration that the added value of the ecosystem is created. Against this
background, this study developed characteristics which describe relationships in data ecosystems in a
structured and concise way.

Several implications for research and practice arise from the results of this work. From a scientific
perspective, our results contribute to the still relatively young data ecosystem literature. While a few
previous studies have dealt with the description and characterization of data ecosystems in general, the
results of this study go deeper by describing the relationships between actors in more detail and more
specifically. Consequently, the results, derived from the scientific knowledge base and expert interviews,
can help to expand the existing body of knowledge and specify the common understandings and definitions
of data ecosystems. Ultimately, this can be a further step towards developing fundamental and
comprehensive theories of data ecosystems that do not currently exist in the scientific literature [8,9].

From a managerial perspective, the study results can be used by practitioners as a starting point to better
understand the relationships of the data ecosystem in which the organization already participates. Based on
this, relationships could be better managed and actively shaped. Ultimately, the findings of the study can
help organizations develop relationships with other actors to build new data ecosystems to realize the
potential of cross-organizational data sharing in data ecosystems.

However, our study is naturally subject to certain limitations which must be considered when interpreting
the results. First, the steady progress of digitization and the still young age of the data ecosystem literature
leads to evolving concepts and definitions around data ecosystems. Linked to this lack of commonly accepted
theories is the challenge of distinguishing data ecosystems from related ecosystem concepts such as digital
and platform ecosystems and associated forms of collaboration such as alliances and networks. Furthermore,
data collection and analysis are also subject to certain limitations. On the one hand, additional articles could
be found as data sources by using further scientific databases besides Scopus. On the other hand, the
statements from the expert interviews are limited in their generalizability as other experts might give
different answers. Finally, the analysis of the literature, as well as the interviews is subject to some
interpretation, which means that other researchers may identify different characteristics depending on their
influences, preferences, and biases.

However, the aforementioned limitations also point to possibilities for future research paths. By combining
existing role descriptions and the results of this work, an ontology for data ecosystems could be developed
that represents the essential roles and their relationships to each other in a structured way. An ontology would
create a shared understanding of the topic of data ecosystems and be a further step towards developing a
comprehensive theory [9]. Furthermore, it would be interesting to investigate how some characteristics can
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be built or developed. For example, what can be done if the intentions of two actors do not match? This may
require incentive mechanisms in the data ecosystem that motivate actors to actively participate in the
ecosystem and share their data [17,42].
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