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Abstract. Software ecosystems have become a defined and active field of 
research based on the recent emergence of new open business models leading to 
new roles and patterns for collaboration, innovation, and value proposition. In 
this paper we look into the theoretical foundations of this new research field. 
We review recent publications to describe the present theorization; we discuss 
the relevance of theory and, in particular, we argue for the relevance of socio-
technical theory and the related theory of organizational ecology in the 
continuing research on software ecosystems. To summarize we define a 
preliminary theoretical framework to guide and support future research. 
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1 Introduction 

‘Software ecosystems’ is becoming a new and important field of research fueled by 
new business models in the software engineering domain, representing a redefinition 
of traditional roles and patterns for collaboration and innovation. This creates 
complex networked communities of organizations or actors. Such communities are 
often based on a common interest in a central software technology, like a software 
product line or platform that offers opportunities of value increasing technologies and 
services by a variety of actors [22]. We see cases where a keystone organization 
dominates the development [24]; in other cases, control is diffuse, like in open source 
communities [35]. Such cross-technology and cross-organizational networks, which 
we define as software ecosystems, represent a radical shift in how software 
engineering is being done, influencing fundamental aspects such as control, 
collaboration, business models, and innovation [39, 54]. In short, software 
engineering is becoming an open process in a complex distributed environment.  

Following this trend in industry, we also see the emergence of a research 
community sharing an interest in software ecosystems and how they affect the 
software engineering discipline. A dedicated international workshop series is 
established as well as various publications at international conferences and in 
scientific journals, including a special issue on software ecosystems [6]. So far, the 
terminology and definitions within this research community vary greatly – the 
concept of software ecosystems is rather vague and diverse and it can be hard to see 
how results and contributions from empirical studies relate to each other beyond the 
research of single or close groups of authors. This is natural as a novel field of 
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research develops, but this diversity also imposes a challenge for the joint 
development of this research field and the knowledge on software ecosystems. In 
order to address this challenge we believe that it is important to develop a common 
theoretical foundation to advance and direct the development of the research field and 
the empirically grounded knowledge it produces. 

A theory can be seen as generalized knowledge about a discrete topic or 
phenomenon. According to Gregor [21], a theory may serve to i) analyse, ii) explain, 
iii) predict, iv) explain and predict, or v) prescribe. There is no unified definition of 
how theories are constituted but often they are made up of constructs and the 
relationships between these [47]. Such theories may be formed in at least three ways 
[ibid.]: i) theories from other disciplines may be used as they are, ii) theories from 
other disciplines may be adapted to software engineering before use, and, iii) theories 
may be generated from scratch.  

Based on recent studies and our understanding of the fundamental features and 
challenges related to software ecosystems we find socio-technical theory [49] and the 
related theory of organizational ecology [18, 48] particularly relevant as they address 
fundamentally important concepts such as a control, self-regulation, network 
organization, the role of technology, and the sharing of values [22]. We also believe 
that there exist other theories that can be related to this in order to develop a common 
theoretical basis for the software ecosystem research field. 

The aim of our paper is threefold. First, we explain the role of theory building in 
shaping a novel research field and show how this may enable the development of a 
common knowledge base and how it can guide and coordinate further research. 
Second, we investigate the state of research on software ecosystems in order to build 
an overview of theorizing in this emerging research field. Finally, we point to existing 
theories, both from the software ecosystems literature as well as other relevant 
domains, which we find particularly relevant to the specific challenges imposed by 
the emergence of software ecosystems.  

2 Research approach 

In order to build an overview of the state of the research on software ecosystems 
and in particular the present focus on theorizing, we applied the following seven-step 
approach to identify relevant contributions: 

 
1. We used the Web of Science index to identify potentially relevant studies by 

searching for ‘software ecosystems’ in the Topic-field. The search was restricted 
by setting the ‘subject area’-category to ‘computer science’. The resulting 468 
titles were evaluated and 27 were found to be relevant. We selected titles that were 
considered to address software ecosystems. After a review of the abstracts we kept 
16 titles. 

2. We browsed the proceedings of the International Workshop on Software 
Ecosystems (IWSECO) for the whole lifetime of the workshop (2009-2011). We 
selected only full papers and found 3 from 2009, 11 from 2010 and 7 from 2011. 
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3. We included the five publications from a recent JSS special issue on software 
ecosystems [6]. 

4. Books on software ecosystems were identified using Amazons search facilities. 
Two titles explicitly addressing software ecosystems were identified – one by 
Messerschmitt and Szyperski (2003) [39], and one by Popp and Meyer (2010) 
[46]. 

5. To complement the collection, we consulted a recent systematic mapping study by 
Barbosa and Alves [3] that identified 44 relevant publications (whereof one thesis 
and two books). Out of these we had found 16 from steps 1-4, the 28 missing 
studies were downloaded. 

 
In total, we identified and collected 72 publications, which at the time of writing is the 
most comprehensive collection of publications directly relating to software 
ecosystems.  
 
6. All 72 publications were reviewed to identify cases of theorizing. We found 40 of 

these to show signs of theorizing, some with an explicit focus – others more 
peripheral.  

7. From the review we built a structured overview of which theories that are 
addressed in this literature (see section 4). 

 
From this overview and our own recent theory development [22] we propose a 
theoretical framework for this new research field (see section 5). 

3   Software ecosystems as a trend and defined research area 

Software ecosystems is a recent term, referring to a networked community of 
organizations or actors, which base their relations to each other on a common interest 
in the development and use of a central software technology. Some other definitions 
of this emerging concept have been proposed, for example by Jansen et al. [33]: “a set 
of businesses functioning as a unit and interacting with a shared market for software 
and services, together with the relationships among them” (p. 2). Another definition 
by Bosch [5], focusing more on the common interest in the software and its use, is: 
“the set of software solutions that enable, support and automate the activities and 
transactions by the actors in the associated social or business ecosystem and the 
organizations that provide these solutions” (p. 2).  

Well known examples of communities that may be seen as software ecosystems are 
Apples iPhone/Appstore platform and the open-source development environment 
Eclipse. The first is an example of a partially closed and controlled ecosystem, and 
the latter is an example of an open ecosystem allowing more flexibility in use and 
development. This simply illustrates that the ecosystem concept may refer to a wide 
range of configurations. Yet, they all involve two fundamental aspects; a network of 
organizations or actors, and a common interest in the development and use of a 
central software technology. These organizations may have different relations to the 
central software technology, and for this reason, different roles in the ecosystem. In 
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our definition of the concept, there are at least three key roles. First, one organization 
(or a small group) acts as the keystone organization, and is in some way leading the 
development of the central software technology. The second key role is the end-users 
of the central technology, who need it as a tool to carry out their business, whatever 
that might be. The third key role is third party organizations that use the central 
technology as a platform for developing related solutions or services. In addition to 
these key roles, various other related roles might be part of the ecosystem, for 
example standardization organizations, resellers, operators, and others. 

The emergence of software ecosystems relates to the inherent potential for open 
innovation [19], increased involvement of users [40], wider and faster market impact 
[39], and opportunities of increased profit [46]. Interaction in open and cross-
organizational networks may create increased value in the intersection between roles. 
For example, being a third-party provider of solutions or services based on a central 
platform means efficient access to both an enabling technology and an already 
established, known, and accessible user group. For a keystone organization, this in 
turn may lead to increased market shares and respective sales, increased feedback, 
and a more dedicated focus on the core technology as external actors focus on value 
adding services.  

These examples motivate increased research effort to develop a better 
understanding of how software ecosystems work and how various actors can reap 
benefits. We argue that theorizing is an important vehicle in this development. 

4   Signs of theorizing 

We browsed the 72 identified publications looking for theorizing, for example, 
references to established theories in order to motivate a study or to develop the 
background for a study. We also looked for uses of theory in order to analyze or 
explain findings as well as publications that seek to develop theory. By theory we 
refer to both explicit theories such as for example socio-technical theory, which is 
well established, but also to wider concepts such as organizational ecology and open 
innovation. Following this we present a review of studies and their theoretical 
orientation. To form an overview, we developed higher-order themes for the 
identified theories or concepts [11]. 
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Table 1. Theorizing in the software ecosystems (secos) literature 

Theories and concepts Used in Theoretical focus 
 
Functions and features of ecosystems 
 Openness and transparency [1, 9, 29, 32, 

35, 41] 
Understanding Secos as open 
systems 

 Innovation [2, 4, 28, 52] Explaining the innovation in Secos 
 Control and the keystone 

role 
[2, 22, 24, 
29, 32, 46, 
51, 52, 53] 

Explains how Secos are controlled 
– in some cases by a central 
organization 

 Performance and 
economics 

[10, 39, 44, 
45, 46] 

Explains performance of Secos, 
e.g. revenue mechanisms 

 Activity theory* [50] Explains the interaction of human 
activity and consciousness within 
its relevant environmental context 

 Transaction cost theory* [23, 38] Explains coordination of 
distributed value creation activities 

 
Structuring and shaping of ecosystems 
 Roles and relationships [27, 30] Explains the roles in software eco-

systems and their relationships 
 Theory of design rules 

(systems theory) * 
[37] Understands a system through the 

interdependence between its 
components 

 Socio-technical theory* [14, 22] Understanding Secos as the inter-
play between the social system and 
the technical system 

 Intermediary theory* [23] Explains the need and function of 
intermediaries to provide services 
in the Secos 

 Evolution of Secos [22, 25] Describes how Secos evolves 
 
Describing and modeling ecosystems 
 Networking and network 

visualization 
[4, 15, 20, 
25, 26, 29, 
31, 34, 37, 
39, 55] 

Describing and visualizing Secos 
as a network 

 Ecology inspired [8, 13, 24, 
46, 51] 

Understanding Secos as   a variant 
of a natural ecosystem 

 Modeling and taxonomies [5, 7, 22, 28, 
43, 46, 51, 
55] 

Describe Secos through models 
and components 

 
From this initial overview we see that most focus (simply measured in number of 
publications) is on various functions and features of software ecosystems. We find all 
of these highly relevant and would like to point out that all of these concepts and 
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theories are associated with large knowledge bases and vital research traditions. It is 
beyond the scope of this workshop paper to provide detailed insights; we leave this 
for future work. We have also found quite many contributions describing software 
ecosystems as models and visual representations. Such descriptions do not necessarily 
reflect key features and mechanisms of ecosystems but are important in order to 
achieve a more thorough understanding of ecosystems.  Further on, we see that there 
are relatively few publications that explicitly refer to established theories (marked 
with an asterix). These also does not relate to each other. We see this as a sign of 
infancy and expect future concurrent studies to relate to each other and a common 
theoretical focus and that this will mature the theoretical basis over time [16]. 

In addition to contributions found by explicitly looking for the ‘software 
ecosystem’-keyword we are also aware of other streams of research that we consider 
to be highly relevant. Cusumano and Gawer[12] develops the concept of platform 
leadership – which is directly relevant to understand the role of keystone 
organizations and similar. Eisenmann et al. [17] and others discusses two-sided 
markets where two (or more) groups of end-users take complementary roles and gain 
network benefits through their relationship with a central platform. A simple example 
of a two-sided market is credit card platforms, joining byers and sellers. This stream 
of research is relevant to develop the understanding of the central software 
technology. 

5 Towards a theoretical foundation 

We seek to combine the theorizing in the present literature and connect it with our 
recently proposed theoretical framework [22], to present a nascent but cohesive 
overview. Our initial suggestion is based on the concept of organizational ecology, 
originally defined by Trist [48]. We have derived and adapted five propositions from 
Trists work, addressing what we believe are fundamental aspects of software 
ecosystems: 

 
i) Member organizations in a software ecosystem are linked to a key organization 

among them, which acts as a central referent organization, doing so even 
though members are only partially under its control or linked to it only through 
interface relations. We see that control moves from the supplier towards other 
roles. 

ii) Software ecosystems promote self-regulation through frequent interaction and 
feedback between the actors. 

iii) Software ecosystems have a networked character representing radically different 
structures compared with traditional business models. 

iv) Software ecosystems exist through the use of information and communication 
technology (ICT). Such ICT use is fundamental to achieve development, 
marketing, communication, coordination, deployment of solutions, and economic 
transactions. 
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v) Software ecosystems exhibit shared values, which constitute the motivation of 
the various actors. The shared values consist of the central software product or 
platform as well as the business domain itself. 
 

We find that some of the contributions we have identified in section 4 directly 
relate to and potentially extends this theoretical understanding of software 
ecosystems: Descriptions of roles and relationships and the focus on the particular 
role of a central organization relate to proposition i). Studies focusing on theory of 
design and open systems theory may develop proposition ii) and explain how self-
regulation works. Studies reflecting socio-technical theory are potentially valid for all 
propositions, but in particular iv) in order to better understand the role of the technical 
components in a socio-technical system. Finally, we also believe that studies that 
interpret software ecosystems as networked organizations will develop proposition 
iii), potentially improving the understanding of this new community level, spanning 
multiple (traditional) organizations. We also find contributions on (open) innovation 
and transparency to be relevant to proposition iii). Finally, we see that proposition v) 
that explains the function of a shared value among the actors in a software ecosystem 
is not present in any of the theoretical contributions we have identified so far (with an 
exception of our own study [22]). 

Further on, we have identified several concepts and theories in the present 
literature that is not covered by, or directly related to our set of propositions: 
Theorizing on performance, transactions, and revenue mechanisms is highly 
interesting and could potentially explain some of the motivation and reasons behind 
the emergence of software ecosystems and also be relevant in order to understand 
software ecosystems as self-regulated systems. Also, we find the reference to activity 
theory relevant as it potentially may explain how work and business in software 
ecosystems affect human activity. We have also found several studies aiming to 
develop a better understanding of roles and relationships, which is highly important to 
better understand how software ecosystems function. The same goes with attempts to 
model and visually represent ecosystems. Finally, we have also found studies that 
theorize on the emergence, development, and evolution of software ecosystems. 

6 Concluding remarks and future work 

The overview of theorizing in the software ecosystems research literature presented 
in this paper constitutes the most complete summary, so far. We have identified quite 
many relevant concepts and theoretical traditions from a variety of research fields 
beyond software engineering. Building a joint theoretical basis for this research field 
is an extensive task and will have to span multiple and various studies over time. We 
hope that our contribution can be seen as a starting point and that it will serve as an 
invitation to the software ecosystems research community to continue theorizing. We 
strongly believe that this will help the community to better plan future studies as well 
as to better relate our common interest and knowledge on software ecosystems. After 
all, “Nothing is as practical as a good theory” (K. Lewin, p. 129) [36]. 
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We advice future work to further and deeper investigate, develop and relate the 
content of the theories and fundamental concepts that we have identified so far, both 
those that align with our proposed framework but definitively also those that are not 
covered. Furthermore, we also believe there may be valuable knowledge and 
inspiration to find in related and more established research fields such as business 
ecosystems and even natural ecosystems [42]. It is however important to develop this 
knowledge based on validated empirical studies of the software business as it displays 
radically different characteristics than other businesses. Examples are the short 
distance from design to use, the intangibility of software, the high innovation velocity, 
among others. . 
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