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Abstract— Business settings and ecosystems have in the past 
three decades been transformed by software utilization. It is being 
applied in several industries shaping innovation – platforms – and 
business characteristics, thus attracting ever more interest from 
both practitioners and researchers. During the last ten years, 
research on software ecosystems (SECOs) has expanded, and is 
strongly related to the development of digital ecosystems. This 
expansion has led to the need to review the status of software 
ecosystem research, and the present study provides a state-of-the-
art literature review on the topic. We explain the connection 
between the relatively new research field of software ecosystems 
and the  traditional streams of ecosystem research. This paper 
contributes novel definitions of software ecosystems, and software 
ecosystem configuration, and proposes a theoretical model 
illustrating the relationship between vital contingency categories 
and processes. We identify significant research gaps and present a 
future research agenda.  

Managerial relevance— The study demonstrates the importance 
for managers to understand where their firm is positioned in a 
SECO, and what role they play. This architectural understanding 
makes it possible for managers to connect to SECO leaders, and 
plausibly act to change the firm’s role and position. For example, 
learning to take part in an ecosystem leader’s nurturing activities 
could be key to firm growth. Furthermore, managers might find 
themselves embedded in a SECO architecture where there is no 
clear leadership. A lack of leadership in this context presents firms 
with a good opportunity to self-orchestrate or co-orchestrate the 
SECO with other stakeholders, and, thus, ensure a resilient 
market position. 

Index Terms—software ecosystems, business ecosystems, 
review, architecture, orchestration, contingency factors 

I. INTRODUCTION

HE characteristics of software ecosystems (SECO) and 
the business opportunities residing within them have 
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attracted increasing interest among practitioners and 
researchers [1-3]. Typically, it is said that SECOs provide the 
potential for firm co-innovation, improved customer 
satisfaction [cf. 4], and composability. The latter refers to 
customers’ potential to mix and match, that is, compose their 
own configuration of functionality [5]. However, it is difficult 
to grasp how the different streams of SECO research connect 
and complement each other. For example, the research is 
distributed across contexts, as domains [6], regions [7], firms 
[8], and phenomena [9], and leans on different SECO 
definitions. This situation leads to unclear boundary conditions, 
where the conceptualization of SECOs becomes ambiguous.  

Additionally, SECO researchers have studied a wide range of 
themes, for example, variability management [10], roles [11], 
open vs. closed SECOs [12], requirements management [13], 
power relationships [2], release management [14], partner 
management [15], governance [16], dependency network 
evolution [17], and value processes [18]. However, little is 
known about the relationship between such studies.  

Previous literature reviews have been performed in the area 
between 2013-2017 [1, 19, 20, 21]. These studies have provided 
guidance to SECO researchers. However, they are mainly 
descriptive, and the reviewing authors acknowledge the lack of 
a theoretical model illustrating SECO configurations and 
related key elements. Additionally, there has been a significant 
increase in publications in the field during the last five years. 
For example, in our sample, 60% of the studies have been 
published since the latest review, where the most recent paper 
was dated February 11th, 2016 [19].   

Finally, business ecosystem (BE) research has been ongoing 
in the field of management since 1993 [22], contributing a 
considerable stock of knowledge on innovation ecosystems, 
platform-based ecosystems, and BEs [23]. However, the 
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relationship between SECO studies and these types of 
ecosystem study is unknown. The present study aims to clarify 
this relationship.  

The purpose of this paper is to provide a state-of-the-art 
literature review, where we categorize the previous studies into 
overarching themes and synthesize them into a theoretical 
model. We also aim to provide a SECO definition that is aligned 
with our theoretical model, and an agenda for future research. 

Our review generates several contributions. First, we offer a 
SECO definition. Second, we provide a definition of SECO 
configuration. Third, we point to increased integration between 
the BE and SECO literatures, and present a model explaining 
that value creation, value delivery, and value capture should be 
seen as three key contingency processes being affected by three 
contingency categories (architecture, orchestration, 
technological dependency management). Finally, we provide 
suggestions for future research in five distinct areas: SECO 
boundary conditions, SECO key contingency processes, SECO 
and AI, cross-disciplinary SECO research, and in the topic of 
SECO and sustainability. 

II. METHOD 

We followed the systematic literature review process as 
recommended by [24]. Accordingly, we observed the need for 
a review, since it was challenging to grasp the breadth and 
quality of SECO research in established research journals, 
especially during the period 2016-2022. In addition, when 
studying previous literature reviews, we observed that they 
mostly concerned conference papers and other types of non-
peer reviewed material. Thus, we established a review protocol, 
that is, a plan specifying the questions addressed in our study, a 
relevant sample of articles, and inclusion/exclusion criteria.  

Drawing on [25], we applied some criteria for inclusion: 
research articles must be published in recognized research 
journals (in the range of impact factor 1 or more), since research 
in established journals makes a higher impact on the research 
community [26]. All other types of material, such as books, 
conference papers, and reports were excluded [27]. We used the 
known ABS list (AJG) to identify recognized research outlets, 
and Google Scholar in combination with Scopus as databases 
to identify pertinent research [28].  

As stated in the introduction, the number of studies focusing 
explicitly on SECOs has increased remarkably during the past 
five years. Thus, the possibility to establish deeper 
understandings on SECO development is greater than before. 
Due to this trend, we were able to rely on the key words 
“software ecosystem”, “software ecosystems”, and “software 
sector” to identify central research papers. We decided that the 
key words should be found in the title, since it indicates the high 
relevance of the SECO research. We also studied whether 
identified papers really contributed to the area of software 
ecosystems. We continued by controlling for previous literature 
reviews on the topic, to warrant that we had included all of the 
vital literature. We then developed a register where we could 
identify authors and papers. We studied the content of each 
paper to be certain they actually studied and contributed to 
SECO research. Including four literature reviews, we finally 

identified 64 relevant research papers. 

A. Data analysis 

We first performed a descriptive analysis enabling the 
illustration and discussion of topics such as previous literature 
studies, definitions, conceptualizations, and the relationship 
with traditional BE studies.  

The second step was to conduct a content analysis by 
applying a pattern-inducing technique [29, 30]. We took all the 
research papers in our sample and clustered them into 
meaningful concepts, themes, and aggregated dimensions (see 
section four). During this process, we iterated between data and 
theory. We systematically compared and contrasted categories 
as they emerged and analyzed their relationship [31]. Here, we 
observed that article titles could be somewhat misleading, and 
abstracts lacked sufficient information to allow a 
categorization. We therefore studied each article in detail to 
confirm that we had created meaningful categorizations. After 
identifying a sustainable pattern of categories, we continued by 
synthesizing the key findings. The coding process was divided 
broadly into three stages: open coding, axial coding, and 
theoretical coding [32]. As proposed by [33], this analysis led 
to a clarification of constructs. 

III. DESCRIPTIVE ANALYSIS OF SECO RESEARCH 

In this paper, we review the status quo of SECO research up 
to 2022 and have identified four relevant previous reviews on 
the topic [1,19, 20, 21]. We summarize the methodological 
approaches and conceptual contributions, and compare them 
with our approach (Table I). Methodologically, all four reviews 
follow clear recommendations for systematic literature reviews 
[34, 35]. However, we suggest that drawing on conference 
papers is not an ideal approach, since more qualified literature 
is available [24]. We found that the previous literature reviews 
included workshop papers, conference papers, and papers from 
all types of outlet, which deviates from best practice in 
management research. Here, we instead review papers 
presented in established outlets with rigorous peer-review 
processes. The focus of the previous reviews varies to some 
extent. For example, [1] adopted a narrow approach, reviewing 
papers that have studied quality assurance. Nonetheless, the 
most recent review was published in 2017. Overall, there seems 
to be agreement that SECO research lacks coherent theories, 
methods and tools specific to SECOs. This study delineates a 
theoretical model on which future SECO studies can build in 
advancing the field.  
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Table I. Reflections on literature reviews 

Authors 
Systematic 
literature 

review 
Quality filters Focus Methodology 

Sample 
size Output 

[20] K. Manikas and K. M.  Hansen, 
”Software ecosystems–A 
systematic literature 
review,” Journal of Systems and 
Software., vol. 86, no. 5, pp. 1294-
1306, 2013. 

V 

Include papers published 
in peer-reviewed venue. 
(Includes 39 papers from 
conference proceedings) 

Systematic review on 
the Software Ecosystem 

literature. 

Kitchenham and Charters [34] 
(Well cited, adheres to best 

practices in Software 
Engineering) 

90 

There is little consensus on what 
constitutes a software ecosystem, few 
analytical models of software ecosystems 
exist, and little research has been 
conducted in the context of real-world 
ecosystems. 

[1] J. Axelsson and M. Skoglund, 
”Quality assurance in software 
ecosystems: A systematic literature 
mapping and research agenda,” 
Journal of Systems and 
Software., vol. 114, pp. 69-81, 2016 

V 

Excludes, for example, 
keynote papers, but 
includes papers from 

conference proceedings 
and workshops 

Quality assurance in 
SECOs 

Pedersen et al. [35] 
(Well cited, adheres to best 

practices in Software 
Engineering) 

32 

Nobody has a complete picture of QA in 
SECOs. Actors must share information on 
every aspect of the system, which poses 
challenges related to communication 
across organizational borders. 

[21] K. Manikas, “Revisiting 
software ecosystems research: A 
longitudinal literature 
study,” Journal of Systems and 
Software., vol. 117, pp.  84-103, 
2016. 

V 

Only excludes papers from 
outlets of two or less. 
Includes papers from 

workshops, conferences, 
and journals 

Revisiting software 
ecosystem research 

 
Kitchenham and Charters [34] 

(Well cited, adheres to best 
practices in Software 

Engineering) 

231 

The field generally lacks theories, 
methods, and tools specific to software 
ecosystems, while the few that do exist 
typically lack the ability to be generalized.  

[19] O. Franco-Bedoya, D. Ameller, 
D. Costal, and X.  Franch, “Open 
source software ecosystems: A 
Systematic mapping,” Information 
and software technology, vol. 91, 
pp. 160-185, 2017. 

V 

Includes papers from 
conference proceedings, 

and no restrictions on 
journal quality 

Evaluates the current 
state-of-the-art in OSS 
ecosystems  

Kitchenham and Charters [34] 
(Well cited, adheres to best 

practices in Software 
Engineering)  

87 
Extant research on OSSECO topics is scarce 
(e.g., modelling and analysis techniques, 
quality models, standard definitions).  

Our study V Only established research 
outlets (IF1). 

Systematic review on 
software ecosystem 

studies 

Tranfield et al. [24] 
(Well cited, well-accepted best 
practice in conducting a 
systematic literature review in 
management research) 

64 

Provides a theoretical model on which 
SECO studies can build in advancing the 
research area. Propose bridging to already 
established business ecosystem studies.  

 
 



TEM-22-0470.R2 
 

4

A. Towards a definition 

In a literature review published in 2013, [20] articulated that 
around half of the studied papers referred to SECOs without 
providing any definition. We therefore investigated whether 
and how researchers sought to define SECOs and reached the 
same conclusion. Indeed, 35 percent of our sampled articles do 
not define SECOs, while others instead cite a number of 
different definitions. We found that 26/64 papers made some 
kind of initial attempt to produce a definition.  

We also found there is a large subset of different definitions 
in play [4, 5, 17, 20, 21, 22, 36-44] (Table II). A conference 
paper [36] received the most citations (12), while [37] were 
cited nine times. These were pioneering works at a time when 
no definitions were available in established peer reviewed 
journals. We further observed that traditional BE researchers 
were cited [22] and [4]. This indicates an integration between 
studies on SECOs and BEs.  

Prior definitions have helped advance the field of SECO 
research, but not considered an essential element guiding 
software development, namely customer and end-user value 
[54]. Therefore, we define software ecosystems as follows: 

A software ecosystem is a set of direct, and indirectly linked, 
stakeholders creating value for customers and end-users with 
software products and services that have some level of 
relationship to each other, in order to serve a market through 
the exchange of information, resources and artifacts. 
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Table II. SECO definitions 

SECO definitions in play Source 
Number of  

citations 
“a set of businesses functioning as a unit and interacting 
with a shared market for software and services, together 
with the relationships among them. These relationships 
are frequently underpinned by a common technological 
platform or market and operate through the exchange of 
information, resources and artifacts” 

[36] S. Jansen, A. Finkelstein, S. Brinkkemper, ”A sense of 
community: a research agenda for software ecosystems,” In: 31st 
International Conference on Software Engineering Companion, vol. 
2009, pp.187–190. 2009.  

12 

“collection of software products that have some degree 
of symbiotic relationships’’ 

[37] D. G. Messerschmidt and C. Szyperski, “Software Ecosystems: 
Understanding an Indispensable Technology and Industry,” USA, 
Cambridge, MIT Press, 2005. 

9 

“A software ecosystem is the interaction of a set of 
actors on top of a common technological platform that 
results in a number of software solutions or services”. 

[20] K. Manikas and K. M. Hansen, ” Software ecosystems–A 
systematic literature review,” Journal of Systems and Software, vol. 
86, no. 5, pp. 1294-1306, 2013. 

7 

“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’’. 

[38] J. Bosch, “From software product lines to software ecosystems,”  
13th International Software Product Line Conference (SPLC’09), vol. 
9, pp. 111-119, 2009. 

6 

“A software ecosystem is a collection of software 
projects which are developed and evolve together in the 
same environment”. 

[39] M. Lungu, M. Lanza, T. Gîrba, and R. Robbes, “The small project 
observatory: Visualizing software ecosystems,” Science of Computer 
Programming, vol. 75, no. 4, pp. 264-275, 2010. 

4 

“… economic community 
supported by a foundation of interacting organizations 
and individuals, which can also be perceived as 
organisms of the business world”. 

[22] J. F. Moore, “Predators and prey: a new ecology of 
competition,” Harvard business review, vol 71, no.3, pp. 75-86. 1993. 

4 

“A software ecosystem consists of a software platform, a 
set of internal and external developers and a community 
of domain experts in service to a community of users 
that compose relevant solution elements to satisfy their 
needs” 

[5] J. Bosch and P. Bosch-Sijtsema, “From integration to 
composition: On the impact of software product lines, global 
development and ecosystems,” Journal of Systems and 
Software, vol. 83, no. 1, pp. 67-76. 2010 

2 

“Software ecosystems are sets of actors functioning as a 
unit and interacting with a shared market for software 
and services, together with the relationships among 
them”. 

[4] M. Iansiti and R. Levien, “Strategy as ecology,” Harvard Business 
Review, vol. 82, no. 3, pp. 68–78. 2004. 

2 

“A set of organizations collaboratively serving a market 
for software and services”. 

[40] S. Jansen, M.A. Cusumano, and S. Brinkkemper, “Software 
Ecosystems: Analyzing and Managing Business Networks in the 
Software Industry”, Massachusetts, USA, Edward Elgar Publishing, 
2013 . 

2 

“a collection of software projects which are developed 
and which co-evolve together in the same environment”. 

[41] M.F. Lungu , “Reverse engineering software ecosystems,” 
University of Lugano, PhD Thesis, 2009 . 2 

“A software-based system with an extensible codebase 
that provides core functionality shared by modules 
(applications) that interoperate with it”. 

[42] A.Tiwana, B. Konsynski, and A. A. Bush, ”Research commentary 
– Platform evolution: Coevolution of platform architecture, 
governance, and environmental dynamics,” Information Systems 
Research, 21(4), 675–687, 2010. 

2 

“a set of actors, acting as a group, interacting and 
managing a market of shared resources (including 
software and services)”. 

[43] V. Boucharas, S. Jansen, S. Brinkkemper, “Formalizing software 
ecosystem modeling,” Proceedings of 1st International Conference 
on Open Component Ecosystems (IWOCE’09), ACM, Amsterdam, pp. 
41-50, 2009. 

1 

“So-called software ecosystems, large collections of 
interdependent software components that are 
maintained by large and geographically distributed 
communities of collaborating contributors”. 

[17] A. Decan, T. Mens, and P. Grosjean, P, “An empirical comparison 
of dependency network evolution in seven software packaging 
ecosystems,” Empirical Software Engineering, vol. 24, no. 1, pp. 381-
416, 2019. 

1 

“The software and actor interaction in relation to a 
common technological infrastructure, that results in a 
set of contributions and influences directly or indirectly 
the ecosystem”. 

[21] K. Manikas, “Revisiting software ecosystems research: A 
longitudinal literature study,” Journal of Systems and Software, vol. 
117, pp. 84-103. 2016. 

1 

“A Software ecosystem can be defined as a 
network of related actors, interacting with a shared 
market”.  

[44] B. Vasilis, J. Slinger, and B. Sjaak, ” Formalizing software 
ecosystem modeling,” Proc. of 1st international workshop on Open 
component ecosystems, pp. 41-50, 2009. 

1 
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B. Conceptualization 

Researchers [20][21] have noted that there is little consensus 
on what constitutes a SECO. In a similar vein, while studying 
the definitions in play, we also identified a communicative 
dilemma that creates confusion and leads to a lack of conceptual 
clarity in SECO research – the boundary conditions of what 
actually defines a SECO are unclear. For example, [7] described 
that it is difficult to determine to what extent a regional SECO 
can be divided into a subset of regional SECOs. Drawing on 
their results, we find it reasonable that a SECO could be divided 
into a subset of other SECOs. However, we reason that the 
conceptualization of SECO subsets should be described with 
more care and greater precision, otherwise the SECO concept 
is at risk of being watered down, referring to everything and 
nothing. We have summarized ecosystem labeling in Table III, 
illustrating that researchers take five different approaches to 
labelling their studied SECOs: (1) general SECO approach, (2) 
geographical approach, (3) phenomenon-driven approach, (4) 
firm-based approach, or (5) domain approach. 

We found that one set of researchers used the term software 
ecosystem as a general SECO concept [3, 5, 18, 46-56] (top of 
Table 3). They went on to discuss various related underlying 
research topics. Thus, there was a clear hierarchy between the 
SECO concept and the topics in focus, and also where the 
researchers adopted a geographical [7, 57], firm-based [8, 77, 
78] or domain approach [6]. However, researchers applying a 
phenomenon-based approach [2, 12, 13, 15, 17, 58-76] 
contributed to the conceptual confusion. For example, [58] 
illustrated how they created an understanding for the SECO by 
studying the software sector. However, in their paper, the 
relationship between the SECO and the software sector 
remained blurred. It seems as if the ecosystem/sector concepts 
are used interchangeably, which is unfortunate as it blurs the 
boundaries between two related yet different theoretical 
constructs. In addition, [61] noted that they study SECOs “for 
federated embedded systems”. An approach of that nature 
implies there are some sort of specialized SECOs with a unique 
purpose; a SECO within a SECO, it might be said. Nonetheless, 
it seems more plausible that this set of stakeholders should be 
seen as acting within the SECO domain. That is, within a meta-
software ecosystem, SECO stakeholders may develop niche 
expertise forming a domain within the SECO.  

Moreover, [17] described how they studied a packaging 
ecosystem. That is, a set of stakeholders specialized in 
packaging software. Nonetheless, the boundaries between what 
constitutes a SECO, and the described packaging ecosystem 
remain unclear. Finally, several researchers have studied some 
kind of open SECO, for example [64-70]. Their discussion on 
openness is undoubtably of value, but their conceptualization of 
a SECO creates confusion, questioning how many open-related 
SECOs actually exist. Do these software stakeholders really 
constitute a unique SECO, or are they a set of networking 
stakeholders acting in a certain SECO domain? If it is 
considered appropriate to identify every network in the SECO 
as a SECO in itself, the meaningfulness of using the concept 
seems questionable. 

Finally, the exemplified studies have contributed to the 
understanding on SECO central activities and processes. We 
also recognize the need and value in studying context-based 
SECOs as national or firm-based SECOs, since variations on 
the theme help untangle interorganizational interdependence 
and complexity issues. Still, due to the widespread and 
generous use of the term software ecosystem in these and other 
studies, researchers have created a situation where greater 
conceptual rigor is required.  
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Table III. SECO conceptualizations 

Authors Formulation of Ecosystem/Sector/Domain 
Beelen et al. [3]; Bosch & Bosch-Sijtsema [5]; Vorraber et al. [18]; 

Burkard et al. [45]; Hanssen [46]; Berger et al. [47]; Valença & Alves 
[48]; Msiska & Nielsen [49]; Blincoe et al. [50]; Jansen [51]; Liao et al. 
[52]; Hou et al. [53]; van Vulpen et al. [54]; Farias et al. [55]; Mens & 

Grosjean [56] 

Software ecosystem 

Geographical based SECOs 
Larrucea at al. [7] Regional software ecosystem 

Mhamdia [57] Tunisian software ecosystem 
Phenomenon based SECOs 

Iyer et al. [58] Software ecosystem/software sector 
Dittrich [59] Sustaining software ecosystems 

Wnuk et al. [60] Hardware-dependent software ecosystem 
Axelsson et al. [61] Software ecosystem for federated embedded systems 

Decan et al. [17] Software packaging ecosystems 
Hartmann & Bosch [62] Consumer electronics software ecosystems 

Jansen et al. [12] Open software enterprises ecosystem 
Draxler & Stevens [63] Open software ecosystem 

Kilamo et al. [64]; Jansen [65]; Cheng et al. [66]; Chen et al. [67]; Liao 
et al. [15, 68]; Marsan et al. 69; Wang et al. [70] 

Open-source software ecosystem 

Teixeira & Karsten [9]; Foundjem & Adams [14] OpenStack software ecosystem 
Scacchi & Alspaugh [71] Open architecture software ecosystems 

Plakidas et al. [72] R software ecosystem 
Olsson & Bosch [2] Software-intensive embedded systems ecosystems 
Knauss et al. [73] Open commercial software ecosystems 

de Lima Fontoão et al. [74] Mobile software ecosystem 
Hurni et al. [75] Software platform ecosystem 

Howison et al. [76] Scientific software ecosystem 
Kruize et al. [13] Farm software ecosystem 

Firm based SECOs 
Christensen et al. [77] 4S Telemedicine software ecosystem 

Coutinhou & Bezerra [8] SOLAR educational software ecosystem 
Damian et al. [78] Xero and Shopify ecosystems 

Domains 
Eklund & Bosch [6] The automotive domain 
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IV. CONTENT ANALYSIS 

In this section, we analyze the articles’ content and provide 
an understanding on how SECO research has developed. We 
cover three basic topics: SECO architecture, orchestration, and 
technological dependency management, based on a content 
analysis by applying a pattern-inducing technique to understand 
the researched themes, and what qualifies as the state-of-the-art 
in the literature [20]. Here, research papers were clustered into 
meaningful concepts, themes, and aggregated dimensions (Fig. 
1). During this process, we systematically compared and 
contrasted categories as they emerged, and analyzed their 
relationship [21].  

A. SECO architecture 

A fundamental issue of concern is to understand SECO 
architecture. The articles relating to this issue are dispersed over 
several loosely coupled topics as the goal of SECO research 
[79], SECO design [56, 76, 77, 80, 81], roles [11, 41, 52, 57, 
58, 71, 72], challenges [7, 49], innovation [63, 82], and 
openness [6, 12, 61, 62, 64, 65, 70]. Overall, these research 
papers provide knowledge on various structural issues of 
importance to SECO researchers and practitioners. The topics 
are illustrated in Table IV. Here, we find several vital 
contributions. For example, [77, p.1478] defined SECO 
architecture as “…the set of structures needed to reason about 
the software ecosystem, which comprise actor and software 
elements, relations among them, and their properties”. 
Additionally, [80] identified two types of SECO: the long-term 
organization-centric SECO, and medium-term project-centric 
SECO building on Open Source. Both types of SECO can in 
different ways foster innovation. Such contributions are 
essential to provide research with theoretical framings, enabling 
further research in a consistent fashion. 

Researchers typically describe the SECO environment as 
dominated by a keystone firm [58], surrounded by a number of 
different niche stakeholders. The keystone is a powerful and 
resource rich firm that strongly affects its environment. 
Additionally, [72] proposed that early-comers in a SECO can 
become a dominant keystone. Meanwhile, niches are 
determined by software component licenses and the 
architectural composition of a system [34].  

Another common architecture topic discussed among SECO 
researchers is related to openness. Here, [61] proposed a need 
for trade-offs between, for example, openness and 
dependability in the architecture. In turn, [12] illustrated that an 
organization can choose to be open on both the supply and 
demand side of a supply chain, and that the degree of openness 
is entirely determined by the business model developed by the 
decision-makers in a software producing organization. 

Some researchers more specifically discussed the SECO in 
relation to open source. They observed that not all SECOs are 
led by a keystone firm: “there also are software ecosystems that 
are created around open-source communities where there is no 
keystone company, but rather a community of developers that 
also use the open-source software themselves” [41, p.1453]. 
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Table IV. SECO architecture 
Authors SECO relevance Contribution 

[79] G. K. Hanssen, C.F. Alves, and J. Bosch, “Special issue editorial: 
Understanding software ecosystems,” Information and software 
technology, vol. 56, no. 11, pp. 1421-1422, 2014. 

Goal for SECO 
The goal for the research community should be to provide industry with empirically grounded 
knowledge and guidelines on how to reap the benefits of participating in ecosystems with a 
variety of actors.  

[56] T. Mens and P. Grosjean, “The ecology of software 
ecosystems,”  
Computer, vol. 48, no.10, pp. 85-87, 2015. 

Design of SECO 

The ecology of SECOs is reminiscent of biological ecosystems containing a variety of species. 
Here, SECO is described as a social ecosystem where core developers, active developers, 
peripheral developers, and users co-exist in an ecosystem governed through a combination of 
top-down and bottom-up control.  

[77] H. B. Christensen, K. M. Hansen, M. Kyng, and K. Manikas, 
”Analysis and design of software ecosystem architectures–
Towards the 4S telemedicine ecosystem,” Information and 
Software Technology, vol. 56, no. 11, pp. 1476-1492, 2014. 

Design of SECO and 
definition of SECO 

architectures 

Defines SECO architecture as a “set of structures needed to reason about the software 
ecosystem, which comprise actor and software elements, relations among them, and their 
properties”. Points out that the set of structures (organizational, business, software) is key to 
supporting the interplay between multiple stakeholders playing different roles in the SECO. 

[80] M. den Besten, C. Amrit, A. Capiluppi, and G. Robles, 
“Collaboration and innovation dynamics in software ecosystems: A 
technology management research perspective,” IEEE Transactions 
on Engineering Management, vol. 68, no. 5, pp. 1532-1537, 2020. 

Design and dynamics in 
SECOs 

There are two types (perspectives) of SECO. First, the long-term organization-centric SECO. 
Second, the medium-term project-centric SECO that typically relates to Open Source Software 
Ecosystems. These SECOs are closely related and share the possibility to enact innovation 
drivers that foster innovation. 

[81] R. Capilla, E. Cioroaica, B. Buhnova, and J. Bosch, “On 
Autonomous Dynamic Software Ecosystems,” IEEE Transactions on 
Engineering Management. Pp. 1-15, IN PRESS, 2021 

Design and dynamics in 
SECOs 

Existing software ecosystem architectures are not well prepared to manage autonomous 
behavior needs and context changes. SECO architectures need a set of mechanisms that can 
adjust the behavior of SECO participants. Presents three types of dynamic ecosystem platform 
(user-centric, context-centric, dynamic platform-centric). Each type comes with its own set of 
pros and cons.  

[76]. J. Howison, E. Deelman, M. J. McLennan, R. Ferreira da Silva, 
and J. D.  Herbsleb, “Understanding the scientific software 
ecosystem and its impact: Current and future measures,” Research 
Evaluation, vol. 23, no. 4, pp. 454-470, 2015. 

Design and dynamics in 
SECOs 

The science behind software development in SECOs needs to be co-developed between four 
types of stakeholder playing complementary roles: end-users, software component producers, 
software execution environment and distribution managers, and ecosystem stewards. 

[58] B. Iyer, C.H. Lee, and N. Venkatraman, ”Managing in a “small 
world ecosystem”: Lessons from the software sector,” California 
Management Review, vol. 48, no.3, pp. 28-47, 2006. 

Role of keystone firms 

Three roles are important in most networks: the hub (a firm with a disproportionately high 
number of links), the broker (a firm that creates a connection between two sets of firms), and 
the bridge (a link critical to overall connectedness within the network). Managers should 
create a network scorecard. 

[41] J. Bosch, “Software ecosystems: Taking software development 
beyond the boundaries of the organization,” Journal of Systems 
and Software, vol. 85, no.7, 1453-1454, 2012. 

Role of keystone firms 

Keystones now need to provide platforms for external co-innovation. They have therefore 
undergone a change of identity, now enabling others to build great solutions for customers. 
Moreover, the interface between the customer and the keystone company has changed 
fundamentally, since customers also take responsibility for product innovation, not simply 
receiving a pre-integrated software solution. 

[11] K. Kim, and J. Altmann, “Platform provider roles in innovation 
in software service ecosystems,” IEEE Transactions on Engineering 
Management, vol. 69, no. 4, pp. 930-939, 2022. 

Role of keystone firms Platform providers promote ecosystem innovation through software services that function as 
bridges between service clusters or are in core positions.  

[52] Z. Liao, X. Qi, Y. Zhang, X. Fan, and Y. Zhou, “How to Evaluate 
the Productivity of Software Ecosystem: A Case Study in 
GitHub,” Scientific Programming, vol. 2020, Article ID 8814247, 
2020. 

Role of keystone firms 
Establishes a software ecosystem productivity model that better explains the factors affecting 
the productivity of software ecosystems. It benefits the research on the measurement of 
software ecosystem health, and software development efficiency.  

[57] A. B. H. S. Mhamdia, “Performance measurement practices in 
software ecosystem,” International Journal of Productivity and 
Performance Management, vol. 62, issue 5, pp. 514-533, 2013 

Role of keystone firms 
The results of this study showed that managers should analyze the robustness, productivity, 
interoperability, stakeholder (customer and employee) satisfaction, and creativity measures 
simultaneously, in order to enhance the quality of the decision-making process.  
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[72] K. Plakidas, D. Schall, U. Zdun, ” Evolution of the R software 
ecosystem: Metrics, relationships, and their impact on 
qualities,” Journal of Systems and Software, vol. 132, pp. 119-146, 
2017. 

Role of keystone firms – 
who can become a 

keystone 

R is an example where early-comers have disproportionately shaped the ecosystem, and have 
been able to dominate it, as focal points both of the software marketplace, as well as of the 
developer community. Newer members increasingly reuse extant offerings, but despite an 
explosion in the size of the ecosystem, the “fundamental” functionality offerings increase 
more slowly. 

[71] W. Scacchi and T. A.  Alspaugh, “Understanding the role of 
licenses and evolution in open architecture software 
ecosystems,” Journal of Systems and Software, vol. 85, no. 7, pp. 
1479-1494. 2012 

The role of niche firms 
Software component licenses and the architectural composition of a system determine the 
software ecosystem niche in which a system resides.  

[49] B. Msiska and P. Nielsen, ”Innovation in the fringes of 
software ecosystems: the role of socio-technical 
generativity,” Information Technology for Development, vol. 24, 
no. 2, pp. 398-421, 2018. 

Challenges in SECOs It does not make sense to look at technological or social factors in isolation. Generativity is 
socio-technical. However, they develop independently and not necessarily in sync.  

[7] X. Larrucea, F. Nanclares, and I. Santamaria, “A method for 
defining a regional software ecosystem strategy: Colombia as a 
case study,” Technological Forecasting and Social Change, vol. 104, 
pp. 247-258, 2016. 

Challenges in SECOs 
It is difficult to determine to what extent a regional software ecosystem can be divided into a 
subset of regional software ecosystems. A regional SECO's keystone identification remains 
complex, and we cannot generalize the approach to all SECOs.  

[82] S. Hyrynsalmi, A. Suominen, and M. Mäntymäki, ”The 
influence of developer multi-homing on competition between 
software ecosystems,” Journal of Systems and Software, vol. 111, 
pp. 119-127, 2016. 

Innovation in SECOs 

The results demonstrated that only a rather small subset of all applications and developers are 
multihoming. However, among the most popular applications and their developers, the 
multihoming rates are tenfold. The value propositions of superstar applications are rather 
similar between different ecosystems. Attracting and maintaining superstar application 
providers is more critical to the health of a SECO than attracting a high number of developers.  

[63] S. Draxler and G. Stevens, “Supporting the collaborative 
appropriation of an open software ecosystem,” Computer 
Supported Cooperative Work (CSCW), vol. 20, no. 4, pp. 403-448, 
2011 

Innovation in SECOs 
Software developers tailor their applications to the local context and adapt their configuration 
by integrating plug-ins that come from different places. Through their micro practices, their 
activities help shape the SECO architecture in its finest elements.  

[61] J. Axelsson, E. Papatheocharous, and J. Andersson, 
“Characteristics of software ecosystems for Federated Embedded 
Systems: A case study,” Information and Software Technology, 
vol. 56, no. 11,  pp. 1457-1475, 2014. 

Openness in SECOs There is a need for trade-offs between, for example, openness and dependability in the 
architecture, as well as new ways of working. 

[6] U. Eklund and J. Bosch, “Architecture for embedded open 
software ecosystems,” Journal of Systems and Software, vol. 92, 
pp. 128-142, 2014. 

Openness in SECOs 
Presents 17 key architecture decisions together with the rationale as to why they are essential 
to an open software ecosystem platform for embedded systems in general, and automotive 
systems in particular. 

[12] S. Jansen, S. Brinkkemper, J. Souer, and L. Luinenburg, 
”Shades of gray: Opening up a software producing organization 
with the open software enterprise model,” Journal of Systems and 
Software, vol. 85, no. 7, pp. 1495-1510, 2012. 

Openness in SECOs 
An organization can choose to be open on both the supply and demand sides of the supply 
chain. Furthermore, it is shown that the degree of openness is fully determined by the business 
model as developed by the SPO decision-makers.  

[62] H. Hartmann and J. Bosch, “Towards a multi-criteria decision 
support method for consumer electronics software 
ecosystems,” Journal of Software: Evolution and Process, vol. 28, 
no. 6, pp. 460-482, 2016. 

Openness in SECOs 

The vertically integrated platform type is most suitable for products with a high degree of 
innovation, and open-source software platforms are more suitable when a large number of 
variants is needed. The closed-source software platform type is less suitable for most types of 
consumer electronics devices.  

[65] S. Jansen, “Measuring the health of open source software 
ecosystems: Beyond the scope of project health,” Information and 
Software Technology, vol. 56, no. 11, pp. 1508-1519, 2014. 

Openness in SECOs 
The operationalization provides ecosystem researchers with a foundation for their work on 
ecosystem health, and they no longer need to start from scratch when establishing the health 
of an open-source ecosystem.  

[70] L. Wang, J. Wan, and X. Gao, “Toward the health measure for 
open source software ecosystem via Projection Pursuit and Real- Openness in SECOs 

Proposes measurement of ecosystem health through three layers of indicators: commercial 
quality (scale diversity, market share, active users), product quality (open source code usage, 
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Coded Accelerated Genetic,” IEEE Access, vol. 7, pp. 87396-87409, 
2019. 

stability, simplicity, openness, software assembly), and collaborative quality (collaboration 
flexibility, process maturity, democratic decision-making, feedback cycle, certification, 
issuance).  

[64] T. Kilamo, I. Hammouda, T. Mikkonen, and T. Aaltonen, ”From 
proprietary to open source—Growing an open source 
ecosystem,” Journal of Systems and Software, vol. 85, no. 7, pp. 
1467-1478, 2012. 

Openness in SECOs 

While the multifaceted nature of employing open source as a platform introduces inevitable 
complexities, there are existing tools and techniques that can be used to deal with them. Thus, 
it is possible to explicitly document the elements required for building and sustaining an open-
source ecosystem.  
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B. SECO orchestration 

Other researchers have focused on SECO orchestration, 
largely studying two topics: power and governance [2, 16, 48, 
51, 74, 75, 83], and partner management [3, 15, 18, 39, 45, 53, 
54, 60, 66, 84, 85] (Table V). These studies reflect the need for 
the ongoing interaction that takes place in SECOs. Here, [2] 
provided a basic understanding on why these topics are of 
importance. They reflected on the fact that firms in the 
embedded systems domain were transitioning from product‐
based companies to businesses where IT elements play an ever 
more important role, that is, software, data, and artificial 
intelligence. Firms need to make strategic compete/collaborate 
decisions in order to manage the transition process. 

Another stream of research points to the need for partner 
identification and partner management in SECOs. For example, 
[53] described a SECO as a complex network where there is a 
need for community detection and behavior. They illustrated 
that understanding structural SECO characteristics helps reveal 
hidden rules, and to improve SECO viability and knowledge-
sharing. 

Yet, community identification is just the first step in the 
orchestration process. Firms aspiring to orchestrate their 
environment should also understand the barriers and bridges to 
SECO participation. For example, [60] studied SECO 
participation in environments with high hardware 
dependencies. They found that the main barriers to SECO 
participation constituted the keystone business model and 
execution-performance. 

In an attempt to bring additional knowledge to the process of 
partner management, some researchers have focused on the 
questions of partner selection and partner management. For 
example, [3] illustrated that orchestrators fail to vet, select, and 
engage SECO partners. They therefore created a partner 
selection reference method. 
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Table V. SECO orchestration 
 

Authors SECO relevance Contribution 

[2] H. H. Olsson and J. Bosch, “Going digital: Disruption and 
transformation in software-intensive embedded systems 
ecosystems,” Journal of Software: Evolution and Process, vol. 32, 
no. 6, pp. 1-24, 2020. 

Power – balancing 
competition and 

collaboration 

Presents strategic alternatives that incumbents and new entrants have available when existing 
technologies are commoditized, and new technologies are introduced. Proposing, for example, 
that incumbents should learn to balance collaborative and competitive strategies depending on 
whether technology is transitioning from older to novel solutions. The choice, compete or 
collaborate, would imply the need to orchestrate other SECO stakeholders. 

[75] T.  Hurni, T. L. Huber, and J. Dibbern, “Power dynamics in 
software platform ecosystems,” Information systems journal, vol. 
32. no. 2, pp. 310-343, 2022. 

Power paradox – 
platform owners and 

complementors 

Thriving partnerships sustain this central power cycle over time, which requires that the 
platform owner and the complementors dynamically adapt their power wielding to the 
changing needs of the partnership (partnership adaptation cycle) or the ecosystem (ecosystem 
redefinition cycle). For the platform owner, this entails the occasional use of manipulation to 
favor a particular partnership or redefine the ecosystem's framework. 

[48] G. Valença and C. Alves, “A theory of power in emerging 
software ecosystems formed by small-to-medium 
enterprises,” Journal of Systems and Software, vol.134, pp. 76-104, 
2017. 

Power in emerging 
SECOs 

Power is an intrinsic property of firm relationships, and an asset to be exercised with a degree 
of intentionality. The research found that power and dependence dynamics are created 
between stakeholders at the interface between five sources of power: legitimate, expert, 
reward, coercive, and referent. 

[83] G. Valenca, C. Alves, and S. Jansen, “Strategies for managing 
power relationships in software ecosystems,” Journal of Systems 
and Software, vol. 144, pp. 478-500, 2018. 

Power in emerging 
SECOs 

Proposes 11 strategies for power management: continuously invest in expert power to foster 
partnerships; rely on the expertise of multiple competing actors; avoid the use of coercive 
power to apply severe reprimands; anticipate negative actions in contracts and general rules 
that guide partnerships; guarantee that business benefits are shared to maintain the value of 
partnerships; define agreements that promote the definition of roles; use authority to 
reconcile partners’ interests and increase their satisfaction; exercise referent power in 
combination with other power types; use referent power to influence other companies and 
orchestrate the software ecosystem; reinforce capabilities that allow the exercise of diverse 
types of power; gain advantage from both balanced and unbalanced power relationships. 

[51] S. Jansen, “A focus area maturity model for software 
ecosystem governance,” Information and Software 
Technology, vol. 118, no. 31, pp. 1-39, 2020. 

SECO governance 

Proposes a software ecosystem governance maturity model. The model comprises seven focus 
areas (ecosystem health, open markets, intellectual property, open platforms, open innovation, 
software development governance, associate models) that keystones should take into 
consideration when assessing the need for orchestration activities.  

[74] A. de Lima Fontão, R. P. dos Santos, and A. C. Dias-Neto, 
”Exploiting repositories in mobile software ecosystems from a 
governance perspective,” Information Systems Frontiers, vol. 21, 
no. 1, pp. 143-161, 2019. 

SECO governance 
Content reuse repositories can help keystones know how ecosystems compete, compare 
governance strategies, and become aware of effects on applications or developer communities. 
 

[16] L. A. Costa, A. Fontão, and R. Santos, “Toward Proprietary 
Software Ecosystem Governance Strategies Based on Health 
Metrics,” IEEE Transactions on Engineering Management. doi: 
10.1109/TEM.2021.3116531, 2021 

SECO governance 
Proposes 21 propriety governance strategies (stemming from value creation, coordination, and 
organizational openness and control) connecting to ecosystem health metrics (productivity, 
robustness, niche creation). 

[53] T. Hou, X. Yao, and D. Gong, “Community detection in 
software ecosystem by comprehensively evaluating developer 
cooperation intensity,” Information and Software Technology, vol. 
130, pp. 1-11, 2021. 

Partner management – 
identification 

Understanding SECO structural characteristics helps reveal hidden rules, improve SECO viability, 
and knowledge-sharing. Community detection algorithms based on comprehensive topological 
properties and semantic properties are more suitable for real communities in software 
ecosystems than traditional single property algorithms. Thus, the proposed approach enables 
firms to detect real developer collaboration networks and thereby know who to orchestrate. 

[15] Z. Liao, N. Wang, S. Liu, Y. Zhang, H. Liu, and Q. Zhang, 
“Identification-method research for open-source software 
ecosystems,” Symmetry, vol. 11, no. 2, 182, 2019. 

Partner management – 
identification 

Proposes a Topic-based Project Knowledge metrics framework to explore the correlation 
between projects. The method verifies that most ecosystems are centered around a core 
project, every other ecosystem project is closely linked to the core project, and the ecosystem 
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is interrelated. Finally, the influence of GitHub ecosystem project correlation is mainly 
determined by developer interaction. 

[39] M. Lungu, M. Lanza, T. Gîrba, and R. Robbes, “The small 
project observatory: Visualizing software ecosystems,” Science of 
Computer Programming, vol. 75, no. 4, pp. 264-275, 2010. 

Partner management – 
identification 

Presents the Small Project Observatory, an online visualization tool aimed at the visualization 
and analysis of super-repositories. The tool enables relationships between projects, developers, 
or other evolutionary structures to be revealed. 

[60] K. Wnuk, P. Runeson, M. Lantz, and O. Weijden, “Bridges and 
barriers to hardware-dependent software ecosystem 
participation–a case study,” Information and Software 
Technology, vol. 56, no. 11, pp. 1493-1507, 2014. 

Partner management – 
selection 

The main bridges to joining an ecosystem are end-customer demands as well as good 
communication and relationships with the ecosystem leader. The study suggests ecosystem 
leaders should maintain awareness that some customer demands or needs may emerge as a 
by-product of their activities, or be delivered as solutions to uncovered demands by the 
ecosystem participants. 

[3] L. Beelen, S. Jansen, and S. Overbeek, “Are you of value to me? 
A partner selection reference method for software ecosystem 
orchestrators,” Science of Computer Programming, vol. 214, 
102733, 2022. 

Partner management – 
selection 

Provides a new approach to SECO partner selection by applying the method engineering 
technique to the domain of SECO partner selection, resulting in PALERMO, which aids a SECO 
orchestrator in the partner selection process.  

[45] C. Burkard, T. Widjaja, and P. Buxmann, “Software 
ecosystems,”  
Business & Information Systems Engineering, vol. 4, no. 1, pp. 41-
44, 2012. 

Partner management – 
growth types 

There are two growth types. One where growth is based on new vendors, and another on new 
niched solutions by established vendors in the marketplace. Each type calls for the keystone to 
produce a special business model design. The keystone must determine the boundaries of the 
SECO, that is, specify the core product and its platform and associated marketplace, and 
revenue model. It is also essential to determine geographic boundaries and licensing rights, and 
the degree of support for niche players. 

[84] R. C. Basole, and H. Park, “Interfirm collaboration and firm 
value in software ecosystems: Evidence from cloud 
computing,” IEEE Transactions on Engineering Management, vol. 
66, no. 3, pp. 368-380, 2018. 

Partner management – 
growth types 

There are two growth types in the cloud computing industry: legacy vendors and cloud native 
vendors. Both types of vendor must carefully choose the right set of partners and cultivate the 
ecosystem at the right speed. However, legacy vendors need to find a way to balance previous 
partners with new partnerships. Native vendors need to develop networks and pursue clarity 
for their cloud offerings. They should also consider collaborating with other native vendors in 
order to create market impact. 

[66] C. Cheng, B. Li, Z. Y. Li, Y. Q. Zhao, and F.L. Liao, “Developer 
role evolution in open source software ecosystem: An explanatory 
study on GNOME,” Journal of computer science and 
technology, vol. 32, no. 2, pp. 396-414, 2017. 

Partner management –  
maintaining developers 

Two subjective willingness factors (total number of projects, maximum fix intensity in a project), 
and two project environment factors (social clustering coefficient of peers, average fix intensity 
of peers), significantly influence co-developers evolving into core developers. The two 
subjective willingness factors and one of the project environment factor (social clustering 
coefficient of peers) significantly influence co-developers evolving into project leaders.  

[18] W. Vorraber, M. Mueller, S. Voessner, and W. Slany, 
”Analyzing and Managing Complex Software Ecosystems: A 
Framework to Understand Value in Information Systems,” IEEE 
Software, vol. 36, no. 3, pp. 55-60, 2019. 

Partner management – 
value exchange 

Proposes that managers should: list all players in the ecosystem (designation, capabilities, and 
assets), identify needs, specify value exchanges, check net benefits, identify bottleneck 
situations, and set measures to improve the ecosystem network.  

[85] F. Wei, N. Feng, R. D. Evans, R. Zhao, and S. Yang, “How Do 
Innovation Types and Collaborative Modes Drive Firm 
Performance? An FsQCA Analysis Based on Evidence From 
Software Ecosystems,” IEEE Transactions on Engineering 
Management, doi: 10.1109/TEM.2021.3102321 

Partner management – 
innovation types and 
collaborative modes 

Proposes that four causal configurations can explain high innovation performance. In 
configuration 1, software firms can achieve high innovation performance by focusing on 
exploitative innovation and collaboration with business complementors, and with academic & 
governmental institutions. In configuration 2-4, innovation ambidexterity is an active condition. 
Here, software firms must make informed decisions on how to create different collaborative 
combinations in order to reach desired innovation goals.  

[54] P. van Vulpen, S. Jansen, and S. Brinkkemper, ”The 
orchestrator's partner management framework for software 
ecosystems,” Science of Computer Programming, vol. 213, 102722, 
2022. 

Partner management – 
evaluation 

An extensive study of orchestration activities. Presents SECO-PMF as a framework for the 
orchestration of relationships with partners: (1) Building blocks for an ecosystem; (2) Partner 
management process assessment; (3) Partner management peer assessment. 
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C. SECO technological dependency management 

Another stream of research has focused on examining the 
specific issue of technology dependency management in 
SECOs (Table VI). The researchers typically describe a 
software development environment with organizational and 
technological dependencies stretching across multiple 
organizations. The environment is also typically described as 
complex, unpredictable, and effort consuming. Researchers in 
this stream study different types of context, including 
programming languages, learning environments, product 
packaging, and product lines. They discuss very different 
topics, such as technology and organizations, variability, 
requirements, and release management. Thus, due to the high 
context, topic and focus variability, the relationship between 
different studies is limited.  

Some researchers adopted an organizational approach to 
resolve some technology dependency issues [5, 46, 55, 59, 67-
69, 86]. Here, [5] proposed five different collaboration 
approaches to organize large-scale software development: 
integration-centric development, release groupings, release 
trains, independent deployment, and open ecosystem 
development. 

Other researchers pointed to the need to adhere to both 
organizational and technological dependencies. For example, 
[46] described an increase in collaboration across 
organizational borders, and the development of shared value 
comprising two components: the technology (the product line, 
as an extensible platform), and the business domain it supports. 

Additionally, some researchers have studied dependencies 
and variability [8, 9, 10, 13, 14, 17, 47, 50, 73, 78]. For instance, 
[47] observed that large SECOs implement variability, such as 
diverse system offerings, using very different implementation 
techniques, known as variability mechanisms. Table VI 
describes a full range of topics and contributions. 
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Table VI. SECO technology dependency management 
Authors SECO relevance Contribution 

[5] J. Bosch, and P. Bosch-Sijtsema, ”From integration to 
composition: On the impact of software product lines, global 
development and ecosystems,” Journal of Systems and 
Software, vol. 83, no. 1, pp. 67-76, 2010. 

Technology and 
organizations 

Proposes five different collaboration approaches to organizing large-scale software development: 
integration-centric development, release groupings, release trains, independent deployment, and 
open ecosystem development. Claims that selecting the right inter-team software development 
approach is a significant lever to accomplish high-quality, efficient and effective software engineering 
practices and results. 

[46] G. K. Hanssen, ”A longitudinal case study of an emerging 
software ecosystem: Implications for practice and 
theory,” Journal of Systems and Software, vol. 85, no.7, pp. 
1455-1466, 2012. 

Technology and 
organizations 

There is an increase in collaboration across organizational borders, and in the development of 
shared value comprising two components: technology (product line, as an extensible platform), and 
the business domain it supports. Uncovering both the technical interface of the product and the 
organizational interfaces are key enablers of such a change. 

[59] Y. Dittrich, “Software engineering beyond the project–
Sustaining software ecosystems,” Information and Software 
Technology, vol. 56, no. 11, pp. 1436-1456, 2014. 

Technology and 
organizations 

Software products are developed in interaction with a product-related ecosystem, where part of 
the design is deferred to other actors closer to the deployment context. Development includes 
several layers of actors customizing and configuring the software product. Often, the product itself 
can be regarded as part of one or several ecosystems. Software firms therefore need to learn how 
to operate in these high dependency software ecosystems, which typically challenge traditional 
software engineering practice.   

[69] J. Marsan, M. Templier, P.  Marois, B. Adams, K. Carillo, 
and G. L. Mopenza, , “Toward Solving Social and Technical 
Problems in Open Source Software Ecosystems: Using Cause-
and-Effect Analysis to Disentangle the Causes of Complex 
Problems,” IEEE Software, vol. 36, no. 1, pp. 34-41, 2019. 

Technology and 
organizations 

Social and technical problems are intimately related in SECOs. Social problems include a loss of 
contributors, lack of interaction, low number of contributors, and divergent interests. Technical 
problems include poor code quality, and a low number of code commits. It is proposed that 
software firms should introduce community managers to address sociotechnical problems.  

[55] V. Farias, I. Wiese, and R. Santos, “What characterizes 
an influencer in software ecosystems?,” IEEE Software, vol. 
36, no.1, pp. 42-47, 2018. 

Technology and 
organizations 

Not all developers are equal in terms of influence on SECO behavior and outcomes. Some can be 
labeled influencers. They may gain collaborator status in one or several projects. An influencer is 
typically active, provides solutions, and contributes constructive critique. Long-term interaction is 
key to a developer achieving influencer status.  

[86] P. Spagnoletti, N. Kazemargi, and A. Prencipe, “Agile 
practices and organizational agility in software 
ecosystems. IEEE Transactions on Engineering Management. 
doi: 10.1109/TEM.2021.3110105. 

Technology and 
organizations 

Agile development practices create tensions in organizations. Four capabilities are needed in order 
to balance tensions: management control, organizational improvisation, knowledge and 
communication, and organizational learning. In addition, ten practices are identified, which support 
team and organizational agile management. 

[67] Z. Chen, W. Ma, L. Chen, and W. Song, “Collaboration in 
software ecosystems: A study of work groups in open 
environment,” Information and Software Technology, vol. 
145, May, 2022. 

Technology and 
organizations 

Workgroup members enact various roles in fixing cross-project bugs, including the 
reporter/linker/restorer of bugs, and the watchers/forkers/stargazers/owners/activists of the 
upstream or downstream OSS projects. 

[68] Z. Liao, B. Zhao, S. Liu, H. Jin, D. He, L. Yang, and J. Wu, 
“A prediction model of the project life-span in open source 
software ecosystem,” Mobile Networks and Applications, vol. 
24, no. 4, pp. 1382-1391, 2019. 

Technology and 
organizations 

The vast majority of projects have a life of less than 10 days, and several of 10 days to three 
months. Few projects go beyond that. The project lifespan relates to the file number of projects, 
programming language, project membership, and label. 

[47] T. Berger, R.H. Pfeiffer, R. Tartler, S. Dienst, K. Czarnecki, 
A. Wąsowski, and S. She, “Variability mechanisms in 
software ecosystems,” Information and Software 
Technology, vol. 56, no. 11, pp. 1520-1535, 2014. 
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communicative capabilities. 
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V. DISCUSSION 

Drawing on our descriptive analysis, we find that the area of 
SECO research has matured. However, there is a lack of cross-
fertilization between the IT and management literatures. 
Moreover, as in previous literature reviews [1, 19-21], we found 
little consensus on what constitutes a SECO, and no theoretical 
model [19]. Nevertheless, our content analysis provides 
knowledge on how to theorize around SECOs.  

The content analysis revealed that SECO configuration can 
be understood to be affected by three major interdependent 
dynamic categories: architecture, orchestration, and 
technological dependency management (Fig. 1). We define 
SECO configuration as the relative arrangement of individuals 
or groups of stakeholders and other elements (for example, 
technology), and the structures, relationships, and action-nets 
between them, including the interdependencies stretching 
across macro, meso and micro levels of individual and multiple 
ecosystems. We emphasize that SECO configuration is dynamic 
and changing due to ongoing iterations in the three underlying 
interdependent overarching categories. In turn, each of these is 
affected by three unique, underlying key elements (see Fig. 1). 
SECO architecture is strongly affected by the parallel change in 
organization structures – business models – and software, the 
roles of various stakeholders, and the issue of being open or 
closed. SECO orchestration dynamics are strongly related to 
governance and power, the question of whether to compete or 
collaborate, and partner management. SECO technological 
dependency management is strongly related to the issues of 
integration vs. separation, requirements management & 
variability, and release management. Although the three 
categories are interdependent, our review shows that iterations 
and changes therein are not necessarily coordinated or 
synchronized, thus creating long-term challenges in SECOs. 

Our study further indicates that the three overarching SECO 
categories are related to customer (B2B) and consumer (B2C) 
value propositions (at the center of Fig. 1). That is, any 
configuration of SECO architecture, orchestration, or software 
technology (and the interplay between them) should be enacted 
to bring value in a B2B or B2C setting. Although the SECO 
discussion around architecture, orchestration, and dependency 
management has started to develop into a body of knowledge, 
the discussion around customer and consumer value creation, 
value delivery, and value capture is limited.  

BE researchers [87, 88] describe these value processes. 
Value-creation processes relate to the final offering to the 
customer, comprising the products and services offered by the 
incumbents. The value-delivery process embraces the issue of 
how to deliver the promised value. Finally, the value-capture 
process concerns cost structures, potential revenue streams, the 
revenue model, and financial viabilities.  
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We further propose that as different overlapping ecosystems 
are configured in various ways, active in various industries, and 
manage unique dynamics in every individual ecosystem, it is 
reasonable to view the moving parts (Fig. 1) as contingencies 
where value processes form the center of attention. Researchers 
indicate that contingency factors are common in innovation rich 
environments [89], arise in the form of, for example, system 
complexity, user influence, and user-developer communication 
[90], and are related to customer value processes [91, 92]. 

In our review, SECO researchers often refer to the issue of 
value propositions or value creation. However, with a few 
exceptions, the discussion is commonly shallow. We draw on 
the assumption that the core activity of any SECO(s), and their 
related stakeholders, is to offer customer value propositions 
(B2B/B2C), and realize the offerings via three interdependent 
dynamic key processes: value creation, delivery and capture. 
Thus, given the central importance of these processes, we 
define them as key contingency processes. Despite their 
interdependence, notably, each of these value processes still 
produces unique outputs.  

Furthermore, we also propose that each key contingency 
process, and output, will be affected by three main ecosystem 
contingency categories: architecture, orchestration and 
technology dependency management (Fig. 1). These categories 
have a process-like character, and are in turn affected by unique 
contingency factors.  

Contingency factors as described above have in practice long 
been in play. For example, on a macro level, the development 
of the Internet is ongoing, and has been highly dependent on 
SECO architecture, orchestration and technology development 
from the outset. The Internet revolution has also brought a wave 
of digitalization to firm business modelling, thus changing the 
dynamics of value creation, delivery and capture [cf., 93]. On 
the meso level, firms have developed global software related 
ecosystems with greater and lesser degrees of success. For 
example, in the telecom ecosystem, the Symbian platform 
collapsed due to its strong dependence on Nokia [94]. The 
company failed to uphold the ecosystem architecture (shift from 
open to closed platform, loss of significant partners, and failure 
of  keystone performance), in orchestration (unclear 
governance model, failure in power distribution, unsatisfied 
partners such as Motorola and Ericsson), and in the technology 
management (excessive integration with Nokia, weak software 
development capabilities, insufficient distribution channels for 
new apps) needed to maintain a healthy ecosystem. As a result, 
Symbian did not deliver value for customers/consumers, and 
the platform collapsed. Meanwhile, competitors such as Apple, 
and Alphabet (Android OS), created ecosystems that attracted 
a significant number of stakeholders with novel value 
propositions.  

There is also evidence that keystones use their architecture, 
orchestration and technology management capabilities to 
expand their current business model. For example, Alphabet 
has entered the business of self-driving cars. Such expansion 
clearly calls for the renewal of their ecosystem architecture 
(new collaboration partners), orchestration of stakeholders 
(new forms of co-innovation), and addition of new software 

technology (integration of new programming languages, such 
as Python, into an older set). In this renewal process, SMEs 
(micro level) have played a significant role in developing the 
ecosystem. Thus, when Google extends the ecosystem to a new 
type of industry, the set of contingency factors will change, and 
so will related value processes. 

Altogether, the difficulty of managing the dynamics of 
contingencies that change in parallel on the macro, meso and 
micro levels, leaves stakeholders chasing moving targets in 
different parts of the SECO(s). As a consequence of these 
dynamics, there will be no one best way to configure a SECO. 
Instead, SECO configuration should be seen as contextual and 
situational. Therefore, stakeholders need to learn how to make 
the best possible trade-offs, based on a combination of the most 
plausible short- and long-term future scenarios.  

In sum, we have defined SECO configuration, and created a 
theoretical model that illustrates interdependencies between 
three SECO contingency categories (Architecture dynamics, 
Orchestration dynamics, and Technological dependencies 
management dynamics). We have emphasized that each 
category includes three unique main elements. Finally, we 
proposed a relationship between contingency categories and 
three key contingency processes: value creation, value delivery, 
and value capture.  

A. Reflections on the relationship with business ecosystem 
literature 

We also studied how SECO researchers have approached and 
referred to traditional BE research. We reasoned it would be of 
value to know to what extent SECO research has been 
integrated with more traditional ecosystem research. Clearly, 
there could be potential for cross-fertilization between these 
streams. As mentioned above, in a few cases SECO researchers 
draw on ecosystem definitions from [22] and [4], indicating 
inter-disciplinary cross-fertilization. However, the absolute 
majority of SECO researchers do not cite ecosystem references 
beyond the IT domain. Nonetheless, we found that researchers 
studying non-typical software subjects such as business 
transition [2], partner management [54], ecosystem 
participation [46], and power [8, 9], were more prone to relate 
to ecosystem literature outside the IT community. These recent 
citations suggest a pattern of increased integration between the 
traditional BE literature and the SECO literature. Nevertheless, 
considering the breadth and depth of ecosystem research [see 
14], the connection between SECO research and other streams 
of ecosystem research is to say the least sparse.  

Definitions matter in research. As indicated earlier in this 
study, we found that only a small number of SECO researchers 
acknowledge and relate to ecosystem definitions stemming 
from the management literature. It is generally recognized in 
the management literature that the BE concept was introduced 
by [22, p.76]. He defined BE as follows: “In a business 
ecosystem, companies co-evolve capabilities around a new 
innovation: they work cooperatively and competitively to 
support new products, satisfy customer needs, and eventually 
incorporate the next round of innovations.” Nonetheless, there 
is an indication of cross-fertilization between the disciplines. 
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Moreover, SECO and BE researchers seem to be united in 
the idea of a collective business community. Scholars of SECO 
studies [e.g., 41, 77] describe a collective business architecture, 
while BE researchers discuss how stakeholders evolve in an 
action net within a structured community [22]. Thus, there is a 
shared view on the existence of a collective architecture, where 
the management of stakeholder relationships is seen as central 
from both the SECO and BE perspective. Here, for example, 
[77, p.1478] provide a definition of SECO architecture that may 
inspire ecosystem researchers from other disciplines.  

Furthermore, SECO researchers acknowledged the central 
role of keystones [e.g., 11, 41, 58]. In a similar fashion, the BE 
literature showed that keystones play a dominant role in 
managing the ecosystem [22, p.4]. It was also established that 
keystones should set the direction and create a healthy 
ecosystem [4, p.72], and just as in the SECO studies, the BE 
literature often saw keystones as ecosystem shapers [4, 28, 43].  

We also found that SECO researchers discussed research 
barriers and bridges to ecosystem participation [60], and hidden 
rules [53]. This related to the BE literature proposing that 
keystones shape their ecosystems through orchestrating 
activities. Still, the BE literature offers a further set of 
knowledge. For example, orchestration was defined as “a set of 
deliberate actions” providing other stakeholders with pathways 
and vision [95, p. 659]. It was also emphasized that 
orchestration includes the creation and enforcement of rules of 
the game [96]. Such action ensures that stakeholders adhere to 
these rules. The enforcement of rules of the game promotes 
transparency between partners to control the risks of self-
interest seeking behavior, along with related sanctions and 
stakeholder exclusion [5].  

Additionally, in terms of orchestration, SECO researchers 
presented a visualization tool [60], partner selection method [3], 
and partner management advice [45, 84]. Here, we found that 
BE research complements SECO research in showing that since 
keystones are resourceful and powerful, they can nurture the 
ecosystem by encouraging co-innovation, creating market 
contacts, and providing a set of common assets [4, 62]. 
Nurturing can also spur innovation [96, 97] and business model 
development [87]. Nurturing comes about in different ways, for 
instance, where ecosystem leaders carry early investment costs, 
provide competence development, or share core knowledge and 
intellectual property rights with various stakeholders [87]. As a 
result, a well-orchestrated/nurtured ecosystem may become 
stable and resilient [88].  

SECO researchers studying the management of technological 
dependencies typically describe a relationship between various 
co-creating players as keystones and other players. 
Accordingly, [5] proposed five different collaboration 
approaches, while [59] pointed to the need to adhere to both 
technological and organizational interfaces, and [8] addressed 
variability and stated that technological relationships between 
all modalities must be mapped and understood; [73] studied 
requirement engineering, and [17] found that a minority of 
packages were responsible for most of packaging updates. BE 
researchers have taken a similar approach and acknowledged 
the need for keystones to manage knowledge mobility, 

innovation, and networks [95, 98]. In the BE literature, other 
stakeholders, aside from the ecosystem leader, are generally 
referred to as complementors and suppliers [23], playing 
various standardized interdependent roles in the BE [99, 100]. 
It was also illustrated that stakeholders are part of a loose web 
[23] with specialized stakeholders where innovation is created 
[101, 102, 103] and shared value uncovered [104, 105].  

Finally, [54] proposed that software vendors develop value 
propositions, value is developed for different partners, and 
delivered to various types of customer (B2B and B2C). This 
value discussion was acknowledged by other SECO researchers 
[18] but commonly shallow. Thus, the value discussion in 
SECO research was able go into greater depth. For example, BE 
researchers [87, 88; 103, 104] strongly addressed the need for 
BE stakeholders to understand and manage three parallel value-
related processes: value creation, value delivery, and value 
capture. Due to the central position that software has found in 
contemporary business development in terms of value 
processes, we find that SECO research could benefit from 
related discussions. Inspired by [18, 54], we positioned value 
process at the center of our SECO definition and theoretical 
model. The centrality of value processes is also reflected in our 
future research agenda. 

VI. SUGGESTIONS FOR FUTURE RESEARCH 

We propose future research in five specific areas. First, there 
is a need to clarify SECO boundary conditions. Essentially, 
this relates to the question of how to differentiate between 
ecosystems and related concepts, such as communities, 
clusters, and domains. This is particularly relevant in SECO 
studies, but also relates to ecosystem studies in general. That 
is, how can the research community come to an agreement on 
when it is useful to label a distinct group of stakeholders an 
ecosystem? Without a clear conceptualization, almost any 
group, firm, or loosely coupled network can be defined as an 
ecosystem, an approach that creates theoretical ambiguity and 
inconsistency. It would also be beneficial to understand 
whether an ecosystem can consist of a set of smaller 
ecosystems, and, if so, how ecosystem boundary conditions 
can be defined, and what are the implications for value process 
considerations. It seems reasonable to believe, for example, 
that SECOs can be conceptualized on complementary macro 
(e.g., government actions), meso (e.g., competition between 
ecosystems), and micro (stakeholder micro activities) levels. 
However, as for now. the knowledge on the relationship 
between such conceptualizations should be further developed. 
The research could be conducted through different 
approaches, such as case studies (real-life ecosystem 
architectures), conceptualized studies (conceptual 
classifications and/or frameworks), or literature reviews. If the 
third approach were to be taken, the type of research could 
methodologically relate to what [33, p.356] refer to as 
establishment of boundary conditions, or theorizing with 
systems theory. 

As a second area of research, we propose SECO studies 
focusing on the interdependent key contingency processes of 
value creation, value delivery, and value capture. As we have 
proposed in this study, these three processes lie at the center of 
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SECO activities, and are essential for any business model. Such 
studies would therefore relate to business model innovation in 
SECOs. Here, value-creation activities relate to the final 
customer offering, and comprise the products and services 
offered by the SECO stakeholders. Value-delivery activities 
concern issues of how to configure the delivery of the promised 
value. Value-capture activities concern elements such as cost 
structures, potential revenue streams, and revenue model and 
financial viability. We consider it especially viable to study 
these processes in two different types of scenario. In the first, 
there would be a powerful ecosystem leader orchestrating the 
SECO, and we could expect that leader to orchestrate these 
three interdependent value processes. As for now, we know 
very little about such orchestration. In the second scenario, 
there would instead be a collective of niche firms co-
orchestrating the value processes, as in the case with an 
emerging ecosystem. Also here, little is known about how such 
co-orchestration would be enacted.  

For the third area of future studies, we propose extended 
research on artificial intelligence (AI) and SECOs. We 
observed that none of the articles in our sample related to AI. 
Yet, AI has started to play a significant role in business 
development with its impact on value processes [50], where AI 
could reasonably be seen as an essential part of a SECO. We 
are also open to the possibility that AI could be seen as an 
ecosystem in itself. We propose that researchers could aim to 
define boundary conditions between SECOs and potential AI 
ecosystems. For example, when is it meaningful to discuss 
specific AI ecosystems, or AI ecosystems as complementary to 
SECOs? Are there different conditions where AI dominates 
SECOs, drives specific development in SECOs, or only plays a 
minor role in SECOs? Producing such understandings would 
bring precision to the discussion on the relationships between 
SECOs, AI, and customer value creation. 

Our fourth proposal for future research is to investigate the 
potential to merge SECO studies with other types of ecosystem 
study. The potential for cross-fertilization between these 
different research traditions is clear. Drawing on the 
conceptualizations of [23], we see the potential to investigate 
the interface between SECOs and innovation ecosystems, 
SECOs and platform-based ecosystems, and SECOs and BEs. 
Such studies would provide essential knowledge for the 
research community on the intricate relationships between 
various types of ecosystem, and their implications for customer 
and end-user value-related processes. 

Finally, we reflect on the fact that there is a total absence of 
SECO papers discussing sustainability issues and related value 
processes. Given the general societal atmosphere, where 
discussion on economic, environmental and social 
sustainability is intense and central, it could have been expected 
that at least some discussions on sustainability would also have 
surfaced among SECO researchers. However, it has not. We 
therefore propose that SECO research could ponder issues such 
as: (1) What role can software technology play in the endeavor 
to reach sustainability targets? (2) How can SECO leaders play 
an active role in orchestrating sustainability initiatives? (3) 
How can SECO leaders play an active role in promoting a 

caring mentality in SECOs on sustainability? (4) How can 
SECO leaders nurture sustainability co-innovation initiatives? 
(5) What role can complementors and supplementors play in 
SECOs to realize sustainability initiatives? (6) How can 
complementors and supplementors create and drive bottom-up 
sustainability initiatives in SECOs? (7) How can sustainability 
targets be integrated with traditional customer and end-user 
value considerations? and finally, (8) How can we measure and 
ensure the sustainability impact of sustainability initiatives in 
SECOs? 

VII. CONCLUSIONS 

The purpose of this paper was to provide a state-of-the-art 
literature review categorizing previous studies into overarching 
themes and synthesize them in a theoretical model. We also 
aimed to provide a SECO definition that aligned with our 
theoretical model, and an agenda for future research. 

As recommended by [33], we provided a theoretical model 
on which SECO studies can build when advancing the research 
area, and contributed by providing a new SECO definition, and 
a definition of SECO configuration. This study has pointed up 
the value of integrating the traditional BE literature with the 
SECO literature, and presented a theoretical model proposing 
that value creation, value delivery, and value capture should be 
seen as three key contingency processes affected by three 
contingency categories, namely architecture, orchestration, and 
technological dependency management.  

Our study has some limitations. Researchers in the IT domain 
follow other traditions in, for example, commonly referring to 
conference proceedings. Our approach might therefore seem 
conservative, since we instead followed the management 
research tradition where only papers presented in established 
research journals are included in literature reviews. 
Nonetheless, we see complementarity rather than conflict in this 
approach. In all other aspects, we have looked to create a 
transparent review following good canons of research. 
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