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Abstract 

The purpose of this study was to find out the progress in the research of technology 
ecosystems and digital business ecosystems and to combine that information for 
business purposes by the utilization of information about business ecosystems. The need 
for this information emerged at the Department of Information Processing Science in 
the context of European Union research projects. The information gained is expected to 
assist to increase possibilities both for the research and for the personal competence to 
work with enterprises in new kinds of technology environments. 

The main research question to be answered in this study was: How are technology 
ecosystems and digital business ecosystems for business perceived and approached in 
the literature? 

Instead of a systematic review, a method of systematic mapping was selected to 
structure the selected research areas for getting a broad overview over the two streams 
of research, and for identification the possible research evidence. To answer the main 
question the following subquestions were set for both systematic mapping studies: RQ1 
Which journals include papers on technology ecosystems / digital business ecosystems 
for business? RQ2 What are the most investigated topics of technology ecosystems / 
digital business ecosystems and how have these changed over time? RQ3 What are the 
most frequently applied research approaches and methods, and in what study context? 

Based on structuring the selected research areas according to the set subquestions, broad 
overviews were established presenting findings. Based on the identification and 
evaluation of publication channels the forums for discussion were exposed. Based on 
the identification of topics and their evolution the trends of discussion were exposed. 
Based on the identification of research types the non-empirical and the empirical 
research were exposed. Found research evidence and found solution proposals (from 
non-empirical research) were discussed and the need for further research was 
considered. 

The main contribution of this mapping study was the identification of different 
perceptions of two vague concepts, technology ecosystem and digital business 
ecosystem, and notion of their convergence and interlace over time (especially in 
relation to the exposed scarce research evidence).  

The recommendations for future research were set based on the found empirical 
research and solution proposals, as well as limitations of this study.  
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ecosystem, systematic mapping study 
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1. Introduction 

The purpose of this study was to find out the progress in the research of technology 
ecosystems and digital business ecosystems for business and combine that information 
for research and business purposes by the utilization of information gained from prior 
literature. The need for this information emerged at the Department of Information 
Processing Science in the context of European Union research projects. The information 
gained is expected to increase possibilities both for the research and for the personal 
competence to work with enterprises in new kinds of technology environments. 

The information for closer investigation was selected from the literature addressing 
either technology ecosystems (with the restriction of business) or digital business 
ecosystems. This was done due to the discovery from the prior literature that technology 
ecosystems were mainly researched as business ecosystems from the viewpoint of the 
platform owner. Digital technologies (that form a part of technology ecosystems) are 
indicated to drive technological evolution. Furthermore, digital business ecosystems, 
digital ecosystems designed especially for business, are emerging worldwide.   

The main research question set for this study was:  

How are technology ecosystems and digital business ecosystems for business 
perceived and approached in the literature? 

To get the answer the following three subquestions were asked regarding both 
technology ecosystems for business and digital business ecosystems for business:  

Which journals include papers on these ecosystems? 
What are the most investigated topics and how have these changed over time? 
What are the most frequently applied research approaches and methods, and 
in what study context?  

Instead of a systematic review, a method of systematic mapping was selected to 
structure the selected research areas for getting a broad overview over the two streams 
of research, and for identification the possible research evidence. The guidelines given 
by Petersen, Feldt, Mujtaba and Mattsson (2008), Kitchenham and Charters (2007), and 
Bailey, Budgen, Truner, Kitchenham, Brereton and Linkman (2007) were followed. For 
the evaluation of research approaches, existing criteria given by Wieringa, Maiden, and 
Roland (2006) was utilized (that led to a more detailed inspection of the exposed 
evaluation and validation studies especially from a definition and a method point of 
view). The guidelines were applied in the preliminary work in November 2014-
December 2014 concerning technology ecosystems as well as conducting this study of 
technology ecosystems and digital business ecosystems for business during January 
2015-December 2015.  

Based on structuring the selected research areas according to the set subquestions, broad 
overviews were established presenting findings. Based on the identification and 
evaluation of publication channels, the forums for discussion were exposed. Based on 
the identification of topics and their evolution, the trends of discussion were exposed. 
Based on the identification of research types, the non-empirical and the empirical 
research were exposed. Found research evidence and found solution proposals (from 
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non-empirical research) were discussed and the need for further research was 
considered.  

The main contribution of this mapping study was the identification of different 
perceptions of two vague concepts, technology ecosystem and digital business 
ecosystem, and identification of their convergence and interlace over time. 

The structure of the thesis is as follows. In Section 2 prior research and the related 
systematic mapping study is introduced. Section 3 describes the selection of the 
research method and implementation of the selected method. Section 4 presents the 
results of the study. Section 5 presents the results in light of the prior research and the 
related mapping study. Section 6 outlines the conclusions, limitations of the work and 
further research directions.  
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2. Prior research 

According to Oxford English Dictionary (2014), “A biological ecosystem is composed 
of all the organisms found in a particular physical environment, interacting with it and 
with each other. Also in extended use: a complex system resembling this”. In the 
literature in focus of this study, these ecosystems are business ecosystems and their 
technological counterparts’ technology ecosystems and digital business ecosystems. 

As the role of technology, especially information and communications technology (ICT) 
in business is growing, entrepreneurs are facing strategic choices about the 
interconnected systems of business ecosystems and their technological representations 
technology ecosystems. This chapter identifies the different ways technology 
ecosystems (including digital ecosystems and digital business ecosystems) and business 
ecosystems are intertwined in the literature. Furthermore, it brings forth the related 
mapping studies found.  

2.1 Technology ecosystem 

The idea of technology ecosystems is used to depict relationships between technologies 
and organizations (Adomavicius, Bockstedt, Gupta, & Kauffman, 2007). Often 
technology ecosystems are described as product platforms defined by core components 
made by the platform owner and complementary components made by autonomous 
companies on the periphery (Wareham, Fox, & Cano Giner, 2014).  Business 
researchers who have adopted the ecosystem model for the analysis of business 
relationships and strategic decision-making use this approach (Adomavicius et al., 
2007). For example, Iansiti and Levien (2004a) emphasize that a biological ecosystem 
provides a powerful analogy for understanding a business network as a business 
ecosystem, where loosely interconnected participants influence the value creation of 
products and services while depending on each other for their mutual effectiveness in 
connecting different technologies and processes.  

Drawing from biology and complexity theory Iansiti and Levien (2004a) describe a 
structure of a business ecosystem, the roles firms can play in it, and measures for 
ecosystems healthiness. According to the roles in the ecosystem, firms can apply three 
different strategic modes (keystone, dominator, and niche strategies). In their business 
networks firms, that occupy important hubs (nodes that are highly connected to other 
nodes), serve as critical regulators for health (productivity, robustness and niche 
creation) of the ecosystem. Hubs can pursue either keystone or dominator strategies. 
Keystone strategies shape and coordinate the ecosystem, largely by the dissemination of 
platforms (technologies, tools or services that other members of the ecosystem can use 
to enhance their own performance). Keystone strategies contrast with dominator 
strategies, which attack the ecosystem, absorbing and integrating external assets into 
internal operations for maximum value extraction. Other firms use niche strategies 
emphasizing differentiation by focusing on unique capabilities and leveraging key assets 
provided by others. (Iansiti & Levien, 2004a.)  

The keystone strategy is an operating strategy for improvement of the overall health of 
the ecosystem and consequently the sustained performance of the keystone. A platform 
forms a foundation for ecosystem innovations and operations for the benefit of the 
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ecosystem by being “the package” (with standardized access to available resources) 
through which keystones share value with their ecosystems. The platform is a set of 
solutions to problems faced by members of the ecosystem. To have any use at all, the 
platform must unlock the potential of the underlying technology on which a business 
ecosystem is organized. The problem solving focus (finding the most effective features, 
tools, or concepts in helping members to solve problems) forms a basis for a keystone 
strategy. This focus should be the primary initial function of a platform and it should 
remain as a guiding principle in platform design and evolution. (Iansiti & Levien, 
2004a.) To promote some of these views Iansiti and Levien (2004b) give examples (e.g. 
Microsoft ecosystem) and offer a framework for assessing company’s ecosystem, 
determining company’s place in it and developing a strategy for matching company’s 
role.  

By utilizing the ideas of Iansiti and Levien (2004a) a group of business researchers 
establish a small base of descriptive cases from the viewpoint of platform owners. They 
make progress by describing the structure, properties and promotion of health of 
business ecosystems (Muegge, 2011). Especially the cases introduce historical aspects 
related to the creation and evolution of business ecosystems organized on the platforms 
and giving among other things some hints of utilization of open source and middlewares 
in the development of the offerings. The following descriptions are included. The 
Symbian ecosystem brings forth the emerging strategy of the start-up firm for the 
governance of the ecosystem (West & Wood, 2008). The Google ecosystem describes 
the attributes of the infrastructure and architectural control for the evolution of its 
ecosystem (Iyer & Davenport, 2008). The Amazon ecosystem highlights the role of web 
services in the coordination and formation of the ecosystem (Isckia, 2009). 

The base includes also the case studies of Cisco and Eclipse. The case of Cisco 
highlights three major characteristics (platform, symbiosis and co-evolution) of the 
business ecosystem. This case introduces the strategy of mergers and acquisitions (one 
of its major corporate strategies) that is used both for the generation of own business 
ecosystem for the growth and for the development of technological platform for the use 
of other members of the ecosystem. The other members can use the developed platform 
for enhancement of their own performance maintaining their independency while living 
in symbiosis (synergic and systematic co-operation) and co-evolving (growing together) 
with the technological roadmap. (Li, 2009.) The case of Eclipse provides a multilevel 
theory of participation that joins the community, platform, and ecosystem through 
resource flows and shared institutional structures. By utilizing both technology 
ecosystem and business ecosystem metaphors the focus is on the interconnectedness, 
co-dependence of components based on Eclipse technology for tools integration (the 
products of innovation) in Eclipse technology ecosystem created by the economic actors 
(the producers of innovation) of Eclipse business ecosystem. It brings forth issues 
related to the business ecosystem governance and open source community governance 
orchestrated by the keystone organisation, that is a membership-based not-for-profit 
corporation (Eclipse Foundation) formed by all participating companies. (Muegge, 
2011.)  

Almost at the same time with the first case descriptions of technology based business 
ecosystems Adomavicius, Bockstedt, Gupta and Kauffman (2007) start to highlight 
dynamic and interdependent relationships among multiple technologies and their impact 
on each other’s evolution. They bring forth how the environment of information 
technology (IT) can be for industry analysts and firms a complex place to navigate in 
the technology landscape. This is the case especially in making decisions about new 
product development, technology investment, and technology planning in the context of 
ecosystem (2008b). In these cases, many firms rely on reports produced by the experts 
of consulting companies (e.g. Gartner, Forrester, and IDC) and on advice provided by 
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the existing IT partners and suppliers (Adomavicius, Bockstedt, Gupta, & Kauffman, 
2008a). Adomavicius et al. (2008b) emphasize that in many (at the time) existing 
technological forecasting methods technologies are considered individually. These 
utilized methods do not take into account, that in an analysis of today’s highly 
interconnected technology systems, it is necessary to consider a system of interrelated 
technologies and factors that influence the evolution and development of one another. 
They introduce the term technology ecosystem to emphasize the organic nature of 
technological development that is often absent in forecasting and analytical methods. 

To assist firms to navigate in the context of technology ecosystems and to help firms 
identify the important relationships within a specific set of technologies in a specific 
context that potentially influence their operations and strategic decisions Adomavicius 
et al. (2008b) have designed a technology ecosystem model of technology evolution. 
For the model Adomavicius et al. (2007, p. 201) define technology ecosystem to be “A 
system of interrelated technologies that influence each other’s evolution and 
development. A specific technology ecosystem view is defined around a focal 
technology (i.e. technology that the analyst is most interested in) in a given context (a 
specific application, use, or capability of the focal technology under consideration)”. 
The proposed model presents the dynamic nature of technological evolution by 
outlining three specific roles (components, products and applications, and 
infrastructure) technologies can play and the nine paths of influence that describe the 
types of interactions technology roles have with one another within an ecosystem 
(Adomavicius et al., 2007). According to Adomavicius et al. (2008b), by modelling 
technology as a technology ecosystem, an analyst can more successfully identify 
factors, which may influence innovation, development, and adoption of new 
technologies.  

The ideas and definition made by Adomavicius et al. (2007) are utilized in a case study 
of digital payment ecosystem transformation. For this case Henninsson and Hedman 
(2014, pp. 47-48) define a digital ecosystem as a business ecosystem, “a co-opetitive 
environment in which symbiotic relationships are formed to create mutual value for its 
members”, and “that exist in a fusion relation to mobile technologies, where digital 
technologies form part of a technology ecosystem”. This fusion-relationship between 
business and technology affects to the transformation of these digital ecosystems as 
technological innovations (in technology ecosystem) transform the business landscape 
and co-opetitive (simultaneously competitive and co-operative) relationships (in 
business ecosystem). They point out that in general digital ecosystem transformation is 
assumed as the central actors’ management of competitive and collaborative tensions. 
For some ecosystems (as in the case of the digital payment ecosystem) the 
transformation is the emerging result of strategic decisions about competition and 
collaboration from all ecosystem members on how to align technological innovations 
with the ecosystem installed base. (Henningsson & Hedman, 2014.)  

2.2 Digital business ecosystem 

Digital business ecosystem (DBE) is a new concept that is emerging worldwide as an 
innovative approach to support the development of ICTs and adoption of these  
(Hussain, Chang, Hussain, & Dillon, 2007a) for automated business relations and 
transactions (Korpela, Kuusiholma, Taipale, & Hallikas, 2013) especially among small 
and medium -sized enterprises (SMEs) (Nachira, Dini, & Nicolai, 2007). For the first 
time the concept is presented in the field of business research in the Lisbon Agenda in 
March 2000, and later the DBE pilot projects were executed in the European Union 
(EU) Framework Programs FP6 and FP7 (Korpela et al., 2013) for the design and 
implementation of new kind of middleware infrastructure (Nachira et al., 2007). 
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The transition from business ecosystems towards digital business ecosystems emerged 
in EU when the Unit ICT for Business of the Directorate General Information Society of 
the European Commission highlighted the possibilities of the Internet and increased 
connectivity in relation to the SMEs. The unit combined business ecosystem and digital 
ecosystem by adding “digital” front of Moore’s (1996) business ecosystem and 
emphasizing the co-evolution between the business ecosystem and its enabling 
technology: the digital ecosystem (not-defined at the time). In this co-evolution, the 
enabling technology influences into the structure and networks of the enterprises, whilst 
the business ecosystem modifies the structure of the “organisms” of the enabling 
technology (e.g. ontologies, business models, and software services in use). (Nachira et 
al., 2007.)  

As a starting point for the DBE pilot projects were the ideas of a business ecosystem 
proposed by Moore (Nachira et al., 2007). Moore (1996, p. 26) defines a business 
ecosystem to be “An economic community supported by a foundation of interacting 
organizations and individuals—the organisms of the business world. The economic 
community produces goods and services of value to customers, who are themselves 
members of the ecosystem. The member organisms also include suppliers, producers, 
competitors, and other stakeholders. Over time, they co-evolve their capabilities and 
roles.”  

As Moore’s definition formed a base for the project, the further development of 
Moore’s ideas by Iansiti and Levien (2004a) were remarked. Nachira, Dini and Nicolai 
(2007, p. 7) argued that keystone model (cf. Chapter 2.1) suits well to the “economic 
structure of the USA where there is a predominant number of large enterprises at the 
centre of large value networks of suppliers”. Instead, the model of business ecosystem 
developed in Europe is mainly composed of SMEs (over 99 % of the European 
companies) that all complement one another. This model is less structured and more 
dynamic as well as particularly suitable for the service and the knowledge industries 
where SMEs can reinvent themselves in an adaptive manner. This model also represents 
less weakness for the economy of the region than the keystone model where the health 
of central firm reflects directly to other actors. In a dynamic free market, the wealth of 
local business ecosystems is recognizable as a balance between cooperation and 
competition. (Nachira et al., 2007.)   

In addition to the concept and the project, DBE is a certain kind of technical 
infrastructure (Darking, Whitley, & Dini, 2008) for the digital representations of 
business ecosystems (Nachira et al., 2007) designed and implemented in a 
multidisciplinary collaboration of the DBE pilot projects across Europe. These 
subprojects involved 22 different partner organisations including IBM, SUN, Intel, a 
number of SME organisations and various universities and research centres. The 
common aim for the partners was to provide a flexible, distributed, non-proprietary 
infrastructure to tie economic development into the region, supporting local trade and 
industry, through the development (Darking, Dini, & Whitley, 2006.) and composition 
of software services (Whitley & Darking, 2006).  

An open source ecosystem-oriented peer-to-peer architecture was employed for the 
provision of the technical infrastructure that acts as a public road, lowers the barriers to 
ICT adaption (especially for the SMEs in the electronic commerce and electronic 
business adaption), mobilizes knowledge “production”, maximises the reuse of models, 
and by doing this reduces the costs of ICT adoption. (Corallo & Cisternino, 2007; 
Nachira et al., 2007.) This middleware infrastructure (DBE) is based on theoretical 
computer science implications. It is an evolutionary, self-organising, and self-optimising 
environment where a P2P distributed software technology transports, finds, and 
connects services and information over Internet links enabling networked transactions, 



11 

 

and the distribution of all the digital ‘objects’ present within the infrastructure. (Nachira 
et al., 2007.) Architecturally, the DBE comprises three core systems with different 
functionalities. (1) An Execution Environment (ExE) is for hosting of services. (2) A 
Service Factory based on Eclipse is for the design, implementation and development of 
services with Knowledge Base. That is for saving and sharing of Ontologies, Business 
Modelling Language models, Semantic Service Language models, and Service 
Description Language models. (3) An Evolutionary Environment (EvE) is for 
optimizing the system. (Kennedy, 2007.)  

Darking et al. (2006) emphasize, that the key difference between the DBE infrastructure 
(regarded as a distributed middleware) and Microsoft’s or SAP’s (at the time of the 
DBE project) forthcoming application infrastructures (referring to middleware platforms 
as best shown by Michel, 2007) is the fact that the DBE is designed as a non–
proprietary public technology infrastructure. This public infrastructure is not dependent 
upon any single actor, does not include any single point of failure or control, is scalable 
and robust, and is freely available (Nachira et al., 2007). 

As the concept emerges in different contexts, in the year 2010 Briscoe (2010) 
contributes to discussion about digital business ecosystems from computer science 
perspective. He recalls that on the one hand, DBE is a proposed methodology for 
economic and technological innovation and on the other hand, it is a software 
infrastructure for supporting large numbers of interacting business users and services. 
As a technology, DBE aims to extend the service-oriented architectures (SOA) concept 
with the automatic combining of available and applicable services in a scalable 
architecture, to meet business user requests for applications that facilitate business 
processes. For the further cross-disciplinary collaboration of research, Briscoe (2010, p. 
44) defines digital business ecosystem to be “any distributed adaptive open socio-
technical system for business, with properties of self-organization, scalability and 
sustainability, inspired by biological ecosystems” with emphasis that this definition 
differs from previous efforts (also made by Briscoe himself) to define a DBE.  

Nowadays those who have applied the ideas from EU perceive a DBE as an especially 
for SMEs designed software environment which is open, free, distributive, demand 
driven, self-organizing software environment that amalgamates business models with 
digital components and offers equal status between participating enterprises (no single 
company can dominate in it). This software environment assists SMEs to do business 
digitally, to co-evolve with other business organizations in their socio-economic 
environment and to compete locally as well as globally (as best shown by Tawab Khalil, 
Dominic, Bin Hassan, Mushtaq, & Kazemian, 2011).  

2.3 Related mapping study 

For finding possible related mapping studies, Google Scholar was utilized. With 
different searches using “technology ecosystem” or “digital ecosystem” or “digital 
business ecosystem” (both in singular and plural forms) and “mapping study” for title 
none was found. Using a search “software ecosystems”, it was found a mapping study 
of software ecosystems from Barbosa and Alves (2011). This mapping study brings 
forth some research in relation to digital (business) ecosystems and in its references are 
two articles from Briscoe with De Wilde and one article from Briscoe with Stanley. 
Two of those articles are written before the year 2010. One of the articles is written in 
the same year (2010), when Briscoe does his reformation to the concept of digital 
business ecosystem (cf. Chapter 2.2). According to Briscoe (2010), the definition made 
in the referenced article (from the year 2010) of the mapping study is more on line with 
the new definition of digital business ecosystems than the earlier versions.   
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3. Research methods 

This chapter presents a cause for the research method selection, submits an overview of 
the selected method and implementation of the study over two vague concepts in 
interest.  

3.1 Research method selection 

Instead of systematic literature review, a systematic mapping study can be used if the 
topic is very broad. It can be applied also for research areas where there is lack of 
relevant, high-quality primary studies. (Kitchenham & Charters, 2007.) Instead of 
having focused on quantitative and empirical studies as a systematic literature review, 
the main goal of the mapping study is to provide an overview of a research area 
(identify the type and the quantity of research) (Petersen et al., 2008)  and ascertain if 
research evidence exists (Kitchenham & Charters, 2007). Relatively few mapping 
studies are conducted before the year 2008 (see Budgen, Turner, Brereton, & 
Kitchenham, 2008), but the amount of these studies is increasing.  

In the research of software engineering, systematic mapping study is a defined method 
to build a classification scheme and structure a field of interest by categorizing the 
included published results. Often it gives a visual summary, the map, of its results. The 
analysis of results focuses on the frequencies of publications for categories within the 
scheme that leads to the determination of the coverage of the research field. (Petersen et 
al., 2008.) The results can identify areas (clusters) suitable for conducting systematic 
literature reviews and also areas (gaps) where a primary study is more appropriate 
(Budgen et al., 2008; Kitchenham & Charters, 2007). Petersen et al. (2008) recommend 
that systematic mapping and systematic review should and can be used complementary.  

In the following Chapters, it is at first presented an overview of the research method  
following guidelines given by Petersen et al. (2008), and complemented with views 
presented by other authors. After this, it is described an application of the method. 

3.2 Overview of research method 

According to Petersen et al. (2008), the essential process steps of systematic mapping 
study are definition of research questions, conducting the search for relevant papers, 
screening of papers, keywording of abstracts and data extraction and mapping (see 
Figure 1). Each process steps has an outcome and the final outcome is the systematic 
map. 

As Figure 1 shows, the first step of the process is the definition of research questions 
(RQs) to find out the scope of review. The defined research questions for systematic 
mapping can include (see Bailey et al., 2007; Budgen et al., 2008) RQ1: Which journals 
include papers on the research theme?  RQ2: What are the most investigated research 
theme topics and how these are changed over time? RQ3: What are the most frequently 
applied research methods, and in what study context?  
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Figure 1. Systematic mapping process (Petersen et al., 2008, p. 2). 

The second step (see Figure 1) is to choose relevant databases according to the research 
field and conduct search for all papers. Papers are identified by using search strings on 
scientific databases or browsing manually through relevant conference proceedings or 
journal publications. The structure of search strings should be driven by the research 
questions. 

The third step (see Figure 1) is to screen of papers with inclusion and exclusion criteria 
to find relevant papers, which answer the research questions. According to Bailey et al. 
(2007), inclusion can extend books, papers, technical reports and grey literature 
regarding the theme. Only the most recent report from the same study is included. If 
several studies are reported in the same paper, each relevant of them is treated 
separately. Exclusion can extend literature that is only available in the form of abstracts 
or Powerpoint presentations. Exclusion can also extend papers, which only mentions the 
focus of research in the abstract, but do not address it any further (Petersen et al., 2008).   

The fourth step (see Figure 1) is to do keywording for the abstracts to the development 
of a classification scheme. Keywording is a way to reduce the time needed in 
developing the classification scheme and ensuring that the scheme takes into account 
the existing studies. Keywording is done in two steps. First, the reviewers read abstracts 
and look for keywords and concepts that reflect the contribution of the paper. While 
doing so the reviewer also identifies the context of the research. When this is done, the 
set of keywords from different papers are combined together to develop a high-level 
understanding about the nature and contribution of the research. This helps the 
reviewers defining a set of categories, which is representative of the underlying 
population. (Petersen et al., 2008.)  

When abstracts do not allow meaningful keywords to be chosen (e.g. due to missing 
clear clues), reviewers can choose to study the other sections (e.g. introduction or 
conclusion sections) of the paper too (Petersen et al., 2008). This reduces possibility to 
misinterpretation for the sake of the misleading abstract (cf. Budgen et al., 2007). When 
a final set of keywords has been chosen, they can be clustered and used to form the 
categories for the map. (Petersen et al., 2008.) 

Petersen et al. (2008) recommend that an existing classification of research approaches 
can be utilized when it is used a specific focus area independent research facet that 
reflects the research approach used in papers (see Table 1).  
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Table 1. Research type facet (Petersen et al., 2008, p. 4).  

Category Description 

Validation 
research 

Techniques investigated are novel and have not yet been implemented in practice. 
Techniques used are for example experiments, i.e., work done in the lab. 

Evaluation 
research  

Techniques are implemented in practice (industry co-operation or real world project 
has to be mentioned) and evaluation of a technique is conducted. That means, it is 
shown how the technique is implemented in practice (solution implementation) and 
what are the consequences of the implementation in terms of benefits and 
drawbacks (implementation evaluation). This also includes identification of 
problems in industry.  

Solution 
proposal 

A solution for a problem is proposed, the solution can be either novel or a 
significant extension of an existing technique. The potential benefits and the 
applicability of the solution are shown by a small example or a good line of 
argumentation. 

Philosophical 
papers 

These papers sketch a new way of looking at existing things by structuring the field 
in form of a taxonomy or conceptual framework. 

Opinion 
papers 

These papers express the personal opinion of somebody whether a certain technique 
is good or bad, or how things should been done. They do not rely on related work 
and research methodologies.  

Experience 
papers 

Experience papers explain on what and how something has been done in practice. It 
has to be the personal experience of the author. 

 

Table 1 gives an example of the summary made and utilized by Petersen et al. (2008). 
The existing paper classification proposed by Wieringa, Maiden, Mead, and Roland 
(2006) gives a possibility to classify empirical research in the categories of validation 
research  (VR) or evaluation research (ER) and non-empirical research in the categories 
of solution proposal (SP), philosophical papers (PP), opinion papers (OP), experience 
papers (EP). The evaluation criterion of this paper classification includes inspection of 
the method used in relation to empirical research only.  

The fifth step (see Figure 1) is data extraction and mapping of studies for a systematic 
map. After the decision of the classification scheme, the relevant articles are sorted into 
the scheme (e.g. excel table). While doing the data extraction (like adding new 
categories or merging and splitting existing categories) the classification scheme 
evolves. Every time data is entered into the scheme a short rationale, why the paper 
should be in a certain category should be included (for example, why the paper applied 
evaluation research). In the end, the frequencies of publications in each category can be 
calculated from the final table. As the analysis of the results focuses on presenting the 
frequencies of publications for each category it makes possible to see which categories 
have been emphasized in past research and thus to identify gaps and possibilities for 
future research. (Petersen et al., 2008.) 

3.3 The application of the research method  

To get an overview of technology ecosystems and digital business ecosystems studies 
the guidelines for a systematic mapping process (presented in Chapter 3.2) were 
followed with the utilization of an existing classification of research approaches. 
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3.3.1 Definition of research questions 

To get a broad overview of the research area the following research questions were 
asked both in case of technology ecosystems and in case of digital business ecosystems:  

RQ1: Which journals include papers on the ecosystems?  
RQ2: What are the most investigated topics on the ecosystems and how have 

these changed over time?  
RQ3: What are the most frequently applied research approaches and methods 

on the ecosystems, and in what study context?  

The objective of RQ1 was identification of forums for discussion. The objective of RQ2 
was identification of possible trends. The objective of RQ3 was identification of both 
non-empirical and empirical research (divided by research types) and their ratios for 
identification of possible research clusters or gaps, and so possibilities for future 
research.  

3.3.2 Conduct search for all papers 

Scientific databases for the mapping processes were selected according to the results of 
meta-search from the key databases of information processing science and management 
conducted in Nelly-portal of the University of Oulu. To get a broad overview of the 
research area as a whole (e.g. without primary limitations to interventions, or 
outcomes), the papers were identified by using search strings on identified scientific 
databases Scopus, ProQuest databases, ACM, IEEE Xplore, EBSCO, Emerald and 
Elsevier (Science Direct). Wiley Online Library was excluded because of an error in 
their phrase search (indicated with informatics from the university of Oulu).  

Two searches were conducted by taking into account the properties of each database. 
For example a possibility to conduct search as a phrase (in case of Science Direct this 
meant the use of parentheses with brackets), and filter results to peer reviewed papers 
(in ProQuest and EBSCO). In the first case the search string used was (”technology 
ecosystem” OR “technology ecosystems”) in document title OR (”technology 
ecosystem” OR “technology ecosystems”) in abstract OR (”technology ecosystem” OR 
“technology ecosystems”) in author keywords/index terms. In the second case the 
search string used was (”digital business ecosystem” OR “digital business ecosystems”) 
in document title OR (”digital business ecosystem” OR “digital business ecosystems”) 
in abstract OR (”digital business ecosystem” OR “digital business ecosystems”) in 
author keywords/index terms. 

The first searches for technology ecosystems were conducted in November-December 
2014. For digital business ecosystems, searches were conducted in January 2015. The 
results for technology ecosystems were revised in March 2015 limiting results to papers 
that had been published after the year 2000 (cf. emergence time of the concept of digital 
business ecosystem) and had a term “business” in the document title, abstract or 
keywords indicating direct relation to business (cf. digital business ecosystem as a 
socio-technical system for business). The status of papers in press was clarified in 
November 2015.  
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3.3.3 Screening of papers for inclusion and exclusion to find out 
relevant papers 

The following inclusion and exclusion criteria were used in screening of papers. The 
starting point for the searches was Scopus database. In both cases (technology 
ecosystems and digital business ecosystems), the results from Scopus database were 
imported directly to a spreadsheet, information about the availability of papers via sfx 
was checked and added. Data from other selected databases was checked against data 
from Scopus, duplicates were excluded and information of availability was added. In 
cases of ProQuest and EBSCO the results were filtered to include only peer reviewed 
papers before checking results against data from Scopus, excluding duplicates and 
adding information of availability. In the end, the spreadsheet included data from all 
used databases.  

The Publication Forum (www.tsv.fi/julkaisufoorumi) was utilized for the evaluation of 
publication channels. Publication Forum was selected because it operates within The 
Federation of Finnish Learned Societies and the purpose of the classification of 
channels is to serve as a quality indicator for the whole scientific publication production 
of universities within the Ministry of Education and Culture funding model. One of the 
benefits of the Publication Forum is that it includes only peer-reviewed channels. The 
information about the classification of found publication channels was added to the 
spreadsheet. For the analysis only papers on the levels 1-3 (1=basic, 2=leading and 
3=top channel) were included. If some paper was on some of those levels, but it was not 
directly accessible via databases, the accessibility was checked using Bielefeld 
Academic Search Engine or in case Lecture Notes in Computer Science (LNCS) using 
Springer Link. In the case of LNCS only papers published in conferences that were on 
the levels 1-3 were included for the analysis. The information of accessibility was added 
to the spreadsheet. All non-accessible papers were excluded. Papers were downloaded 
for the step 4. 

The results of the searches and results after using of inclusion and exclusion criteria for 
technology ecosystem papers are summarized in Table 2.  

Table 2. Results of the searches and final results after screening of papers on technology 
ecosystems. 

 Results Results in database 
after filtering peer 
reviewed papers 

Results without 
dublicates and 
after filtering 
by Publication 

Forum 

Results 
including 
business in title, 
abstract or 

keywords 

Scopus 31 31 20  7 

ACM 10 10 0 0 

IEEE Xplore 11  11 1 0 

ProQuest 
databases  

505  13 2 1 

EBSCO 136 14 5 1  

Science Direct 6 6 2 2 

Emerald 2 2 0 0 

Total 701  87 30 11 

 

http://www.minedu.fi/OPM/Julkaisut/2014/yo_rahoitusmallin_tarkistaminen.html?lang=fi&extra_locale=en
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As shown in Table 2, the filtering to peer reviewed papers in ProQuest and EBSCO 
databases dropped the amount of papers (as e.g. wire feeds, websites, blogs, and 
podcasts were automatically left out) considerably. The amount of papers dropped even 
more after removing duplicates, filtering papers according to publication channel levels 
1 to 3 on the Publication Forum and finally restricting results to those papers that were 
published after 2000 having term “business” in the title, abstract or keywords. In the 
end, there were 11 papers of technology ecosystems for the mapping. Accordingly, the 
results of the searches and results after using of inclusion and exclusion criteria for 
digital technology ecosystem papers are summarized in Table 3. 

Table 3. Results of the searches and final results after screening of papers on digital 
business ecosystems. 

 Results  Results in database 
after filtering peer 
reviewed papers  

Results without 
duplicates’ and after 
filtering by Publication 
Forum  

Scopus 118 118 5 

ACM 29 29 9 

IEEE Xplore 73 73 14 

ProQuest  
databases 

32 11 1 

EBSCO 45   14 5 

Science Direct 9 9 5 

Emerald 1 1 0 

Total 307 255 39 

 

The filtering to peer reviewed papers in ProQuest and EBSCO databases dropped the 
amount of papers also in case of digital business ecosystem papers (see Table 3). The 
amount of papers dropped even more after removing duplicates and filtering papers 
according to publication channel levels 1 to 3 on the Publication Forum. In the end, 
there were 39 papers of digital business ecosystems for mapping.  

3.3.4 Keywording for the classification scheme 

The creation of different classification facets for structuring a scheme according to 
research questions was started already in the step 2 when a publication level category 
was created for the information available in the Publication Forum. According to the 
research questions, the following data items were selected to be traced from articles in 
addition to already available information (e.g. publication name RQ1, venue type RQ1, 
the year of publication RQ2) in the spreadsheet: topic (RQ2), research type (RQ3), 
method (RQ3), and context (RQ3). During keywording, it was decided to add the facet 
of contribution to assist in classification by research types. When the plurality of 
different contexts and viewpoints emerged, it was decided to add the facets of continent, 
definition of an ecosystem, reference to an ecosystem, and name of the ecosystem to 
assist in grouping of topics, and perceptions. 

Venue type categories (journal, conference) were derived from the information already 
available in the spreadsheet. Topic categories were expected to emerge based on 
keywording (in a similar way as in open coding). Research type categories (ER, VR, SP, 
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PP, OP, EP) were used from the original existing classification of research approaches 
with evaluation criterion (Wieringa et al., 2006). Research method categories were 
expected to emerge based on keywording and being in line with the classification 
referred in the evaluation criterion of research types. Usual context categories (industry, 
academia, project) and contribution categories (process, method, model, tool, metric) 
were used (cf. Petersen et al., 2008), and complemented with the emerging information 
from the keywording. Continent categories (e.g. Europe, North America) and definition 
/ reference were expected to emerge based on keywording.  

In both cases (technology ecosystems and digital business ecosystems) keywording was 
done as follows. In both cases, most of the papers (ca. 72 %) had keywords or index 
terms included. At first, some keywords were added to the rest of the papers based on 
existing keywords and index terms if they were suitable. 

TagCrowd (www.tagcrowd.com) was used to have an overview of frequencies of words 
or terms from keywords and index terms of papers as shown in Figures 2 and 4 (in case 
of technology ecosystems see Figure 2, and in case of digital business ecosystems see 
Figure 4).  

Next, the titles and abstracts were red and looked for more keywords or terms that 
reflect for instance to the topic and contribution of the paper. Available information 
about context was added to the spreadsheet. TagCrowd was also used to have an 
overview of frequencies of possible keywords from abstracts as shown in Figures 3 and 
5 (in case of technology ecosystems see Figure 3 and in case of digital business 
ecosystems see Figure 5).  

 

Figure 2. Frequencies of keywords/index terms of “technology ecosystem” papers.  

 

 

Figure 3. Frequencies of possible keywords of “technology ecosystem” papers from abstracts.  

http://www.tagcrowd.com/
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Figure 4. Frequencies of keywords/index terms of “digital business ecosystem” papers.  

 

 

Figure 5. Frequencies of possible keywords of “digital business ecosystem” papers from 
abstracts.  

The results of TagCrowd (see Figures 2-5) and the results from studying the titles and 
abstracts were clustered in both cases.  

As it was recognized that the abstracts do not always include in clues for classification it 
was decided to utilize the classifications of databases. In spite of the fact that in relation 
to some of the papers this information was missing (20.5 % of technology ecosystem 
papers and 54.5 % of digital business ecosystem papers), the found information was 
gathered and visualized in the same way as already found keywords for having a general 
view. After this, these classifications were sorted to ascending order by publication time 
and taken into account for a first higher level understanding about the nature and 
contribution of the research.  
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It was recognized that even though the classifications were developed over time (and 
altogether there were only few papers pointing to some of the used terms) they were 
useful for the work in progress for the identification of the connections of papers, for the 
classification of the topics and for the identification of the change among them. 

Even though it was noticed that some of the papers did not include e.g. term “digital 
business ecosystem” in any other parts than in keywords or index terms all the papers 
were screened for having an overall picture. As some abstracts did not address explicitly 
e.g. research type, context, method and contribution keywording was continued in and 
iterative manner by the closer inspection of other sections of the papers. This led to 
perceive that classification of papers by research type is not possible only by 
examination of abstracts due to the evaluation criterion that direct evaluation of papers 
and thus the process of classification. This led to ensuring the relation between the 
concept and the papers. 

The new information gained during the process of going through the papers led to the 
clarification of the content, to new keywords and going back e.g. to the topic, method 
and definition for the refinement of classification. It also led to go back some of already 
examined papers e.g. due to the revealed connections through the authors, context and 
definitions. When going through the papers from the viewpoint of research type, the 
short rationale was included according to evaluation criterion. In relation to evaluation 
and valuation studies, information about used method and contribution was added. 
During the process, the results were saved and notions wrote in a form of a short story 
(that also includes references to the classifications of databases) to ascertain that 
grouping by the topic was in line with the notions made during the keywording.  

In the end, some keywords from the literature were cross-searched (e.g. middleware, 
service oriented architecture, open source, digital ecosystem, Moore, Iansiti) for the 
exposure of possible connections over time.  

3.3.5 Data extraction and mapping of studies for the systematic map 

To answer research questions, the spreadsheets (including the information needed) were 
modified through constant comparison. The found information was sorted into the excel 
tables for the answers as described. At the end, the tables of both concepts (technology 
ecosystem and digital business ecosystem) included information about e.g. paper 
identification (ID), database, availability, journal/publication, year, authors, title, the 
Publication Forum category, topic, research type (with short rationale), research 
method, context, contribution, continent, ecosystem definition, keywords/index terms 
from the databases, shared keywords.  

In both cases (technology ecosystems and digital business ecosystems), the tables were 
sorted by setting papers to ascending order by publication time. For identification of the 
importance of the different forums for the discussion about the subject, the frequencies 
of papers in each forum were calculated and an overview of different forums was 
provided. For identification of the importance of the different venues, the ratio of the 
types of publications was provided. In addition, the titles of the latest journals as well as 
rates on classification made by The Publication Forum were taken into account to 
indicate direction for further research and the notion of it was brought forth.  

For the identification of possible trends, the yearly distribution was calculated and the 
evolution of topics was clarified. Analysis of the evolution was done in a form of short 
story based on classifications by the topic, by the research group, by the context, and by 
the continent (cf. Chapter 2.2, the different backgrounds of ecosystems in focus of this 
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thesis). An overview of topics evolution was provided with information of topic, 
continent, and paper ID.  

For the identification of emphasized research approaches that could lead to the 
identification of possible research gaps and possibilities for future research, the structure 
of research area was clarified. Analysis was done based on classifications by the 
research type, method, context, contribution, and definition of an ecosystem or 
reference to an ecosystem. Frequencies of publications for each research type were 
calculated for the identification of their ratios as well as the ratios of empirical and non-
empirical research. An overview of non-empirical research according to the research 
types was provided with information of contexts and contributions. An overview of 
empirical research according to the research types was provided with information of 
method, context, and contribution. Interconnections of the empirical research were 
brought forth by writing more detailed descriptions of them. To these descriptions, the 
definitions of ecosystems or references to ecosystems were included for declaration of 
different perspectives. Information gained from the found empirical research and 
solution proposals was utilized in considerations for the possible future research.  
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4. Results  

The results of the study are divided into two sections, technology ecosystems for 
business and digital business ecosystems. In both sections, the chapters follow the order 
of set subquestions presenting the results of the analysis as well as part of the analysis 
for comparison purposes.   

4.1 Technology ecosystems for business 

Discussion about technology ecosystems emerged at the beginning of 2000. The need to 
understand technology ecosystem dynamics, evolution, and its relation to business 
ecosystem has lead to the new openings of discussion. Next chapters open how each 
research subquestion was answered for structuring the research area.  

4.1.1 Journals 

The first research question was asked for the identification of the forums for discussion 
of technology ecosystems.   

RQ1: Which journals include papers on technology ecosystems for business? 

The final number of papers was 11. The distribution of the papers to different 
publications is illustrated in Figure 6. The amount of papers indicates that general 
viewpoint to technology ecosystems and special viewpoint to their evolution are 
relatively recent in publications.   

 

Figure 6. Technology ecosystem source publications and amount of articles in each 
publication. 
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As shown in Figure 6, papers were published in ten different publications (set in 
ascending order by publication time of the first paper). From the publications, 80 % 
were journals and 20 % conference proceedings. According to the classification of the 
expert panels of the Publication Forum (at the time of this study), 60 % of the 
publications were basic level channels and 40 % were leading channels. From the 
papers 36.4 % were published on the leading channels (Information Technology and 
Management, Decision Support Systems, Organization Science, and Technological 
Forecasting and Social Change). The latest items were published on the journal that 
focuses on electronic commerce (e-commerce). For the future research, the leading 
channels and the latest items published on the Electronic Commerce Research and 
Applications -publication flags the importance of e-commerce and electronic business 
(e-business) related topics for technological forecasting and decision-making.   

4.1.2 Technology ecosystem topics and their evolution 

The second research question was asked for the identification of possible trends.  

RQ2: What are the most investigated technology ecosystems topics and how 
have these changed over time?  

The yearly distribution of the papers is illustrated in Figure 7 and the evolution of the 
topics over time is clarified in Table 4.  

 

Figure 7. Yearly distribution of technology ecosystem papers. 

The oldest paper was published 2001 and the newest during the year of this study (see 
Figure 7). From Figures 6 and 7 one can also see the humble start of research reporting 
on efforts to take into account important Internet-related trends in the evolution of 
technology ecosystems. The evolution of the topics over time was divided in two 
periods of time (2001-2010 and 2011-2015) that are clarified in Table 4.  

Years 2001-2010 

Discussion about technology ecosystems emerged in North America. As the following 
Table 4 shows, at the beginning there was a need to publish efforts to establish a 
technology ecosystem in the industry academic partnership in Arizona for the attraction 
of industry partners and wider level participation for utilization of detected and 
becoming market opportunities (ID T1). 
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Table 4. Change of technology ecosystem topics over time.  

 

 

 

 

 

 

 

 

 

 

 

 

During the last years of the period 2001-2010 (see Table 4, cf. Figure 7), technology 
ecosystem (as a system of interrelated technologies, which influence each other’s 
evolution and development) emerged as a lens to find solutions for analyzing of 
technology evolution. A research group developed a process and tools for identification 
a specific technology ecosystem and patterns of technological progress (innovation) in 
its evolution for the use of senior managers (ID T2, ID T4).  

Another group of researchers introduced a framework for analyzing and understanding 
health (robustness, productivity, and niche creation) of a complex IT ecosystem as a 
business ecosystem (ID T3). The IT ecosystem in focus was identified to be a network 
of organizations driving the delivery of information technology products and services in 
the economy of the USA. The business ecosystem was indicated to evolve rapidly as an 
increased number of platforms (which are in a critical role in the business ecosystem as 
they increase value) were providing alternatives to Microsoft Windows and new 
middleware platforms (e.g. IBM's WebSphere and BEA Systems' WebLogic) were 
adding the trend. The trend was supported by the earliest open source software 
developments (e.g. Apache HTTP Web Server platform). This implied that this 
technology ecosystem as a business ecosystem was increasingly open and competitive 
with a growing number of application providers supporting multiple platforms. (ID T3.) 

Afterwards, this group (ID T5) recalled that the members of an ecosystem are dependent 
on each other for their mutual effectiveness and survival as they influence the value of 
IT products and services. In the IT ecosystem software platforms perform a particularly 
critical role as they provide the tools and building blocks that enable other organizations 
to build useful functionality more efficiently, and effectively connect different 
technologies, products, and services to each other. They (ID T5) also emphasized the 
need to take into consideration important Internet-related trends (Internet-centric 
applications, platforms and business models) in relation to the transformation of this 
business ecosystem when positioning a company in it. 

Topic ID Continent 

Launch of collaboration for creation of technology ecosystem T1 North 
America 

Identification of technology ecosystem and its evolution T2, T4  North 
America 

Health of business ecosystem in relation to the information 
technology ecosystem 

T3 North 
America 

Influence of Internet-related trends to information technology 
ecosystem transformation 

T5 North 
America 

Effects of service oriented thinking on information 
technology ecosystems, especially on decision support 
systems  

T6 North 
America 

Influence of  cultural factors to technology ecosystems T7 North 
America 

Governance of technology ecosystem  T8 Europe 

Supply and demand side forces in the technology ecosystem 
evolution 

T9, T10 Asia 

Technology-based market cooperation strategies T11 Europe 
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Years 2011-2015 

During the recent years discussion about technology ecosystems continued in North 
America with new openings. As Table 4 shows, discussion on cultural factors in rolling 
out services in the highly developed technology ecosystems started (ID T7). Need to 
understand the potential impact of service orientation on decision support systems arose 
and a conceptual framework for service oriented managerial decision making process in 
the context of business analytics was delivered (ID T6).  

Discussion emerged also in Europe and in Asia. At first, the longitudinal case study of 
the business software specific ecosystem contributed to the understanding about the 
dynamics of technology ecosystem and the design of technology ecosystem governance 
by identification conditions where complementary tensions become manifest 
contradictory tensions (ID T8). This was followed an extension of the technology 
ecosystem paths of influence model (that was presented in previous period ID T2, ID 
T4) presented by a research group that incorporated stakeholders actions for 
technological change considering so both supply and demand –side forces (ID T9). This 
approach was used in analysis of service innovation in the mobile payments from the 
past two decades by taking into account competition, cooperation and regulation (ID 
T10). It also affected a framework of mobile payment market cooperation that was 
introduced to show how the digitalization of payments affects the competition and 
collaboration among traditional and new stakeholders in the payment ecosystem (ID 
T11).  

For the consideration of the most discussed topic two groups of papers (see Table 4) 
were considered as wholeness, as the later published papers (ID T9, ID T10) addressing 
the effects of the present forces in the technology ecosystem evolution based on the 
model proposed in the former published papers (ID T2, ID T4). Hence, the most 
discussed topic has been the identification and analysis of the effects of both supply side 
forces and demand side forces in the technology ecosystem evolution. In this discussion 
technology ecosystem was perceived to be a system of interrelated technologies that 
influence each other’s evolution and development. At the core of this system was a 
technology in the interest of the analysts. The former published papers emphasized the 
need to find out the patterns of technological evolution for forecasting and strategic 
purposes. The latter published papers fulfilled the picture by identifying the effects of 
stakeholder actions with the identified patterns and so the effects on the evolution of a 
technology ecosystem in relation to the transformation of the market. The trend is 
towards the clarification of dynamics between the technology evolution  and 
transformation of the market (for which also the second most discussed topic sheds 
some light).  

The second most discussed topic has been the need to take into account Internet-related 
trends (e.g. deployment of middleware platforms, service oriented thinking) (ID T3, ID 
T5) in the analysis of the wide IT ecosystem in the interest of the analysts. In this 
discussion, the technology ecosystem was perceived to be large and drive the delivery 
of IT products and services in the country. In the critical role in this ecosystem were the 
platforms, their emergence and their development due development of Internet-related 
technologies. The technology ecosystem was considered as a business ecosystem and 
analyzed from the viewpoints of value creation, health (as an indicator for its 
possibilities to create innovations), and transformation. In connection with the topic it 
was also indicated the need to develop decision support systems according to the trend 
of service-oriented thinking (ID T6).  
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4.1.3 Research approaches, methods and context  

The third research question was asked for the identification of emphasized research 
approaches that could lead to the identification of possible research clusters or gaps.  

RQ3: What are the most frequently applied research approaches and methods, 
and in what study context?  

Papers classified by research type are summarized in Table 5, from which one can see 
e.g. the influence of the made solution proposals (T2, T4) to the conducted validation 
research.  

Table 5. Types of research from the technology ecosystem literature. 

Category Amount % Paper ID 

Evaluation research (ER) 1 9.1 T8 

Validation research (VR) 3 27.3 T9, T10, T11 

Solution proposal (SP) 2 18.2 T2, T4 

Philosophical papers (PP) 2 18.2 T3, T6  

Opinion papers (OP) 2 18.2 T5, T7 

Experience papers (EP) 1 9.0 T1 

Total 11 100.0  

 

As shown in the Table 5, the most frequently applied research approach was validation 
research (27.3 %). The other empirical research covered 9.1 % of the papers. The rest of 
the papers were either presenting solutions (18.2 %), frameworks (18.2 %), opinions 
(18.2 %), or experiences (9 %). Before going to the empirical research, the non-
empirical research is presented (see Table 6). 

Table 6. Non-empirical research from the technology ecosystem literature. 

Category Context Contribution Amount % Paper ID 

SP   2 18.2 T2, T4 

 - academia - a process and 
tools 

  T2 

 - academia - a model   T4 

PP   2 18.2 T3, T6  

 - acad.  & industry  - a framework   T3 

 - academia - a framework   T6 

OP   2 18.2 T5, T7 

 - acad.  & industry - an opinion   T5 

 - industry - an opinion   T7 

EP   1 9.0 T1 

 - acad.  & industry - an experience   T1 

Total   7 63.6 of all the 
papers 
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As shown in Table 6, most of the non-empirical research papers were from academia 
(42.8 %) or from academia-industry co-operation (42.8 %). The rest of the papers were 
from industry (14.4 %). The papers were presenting two frameworks (ID T3, ID T6) 
and proposing a process with tools (ID T2) and a model (ID T4). As non-empirical 
papers are already shortly clarified in Chapter 4.1.2., in the following it is included only 
their connections to the empirical research.  

The focus is on the empirical research papers on which the method used was in interest 
and included in the evaluation criterion. Inspection starts with the evaluation research 
and continues to the most frequently used research approach (27.3 % of the papers), the 
valuation research (see Table 7).  

Table 7. Empirical research from the technology ecosystem literature. 

Category Method  Context Contribution Amount % Paper ID 

ER    1 9.1 T8 

 - a case 
study, 
theoretical 
sampling 

- academia  

ERP 
ecosystem 

 

- identification of 
conditions for 
paradoxical tensions 
in relation to 
governance 
mechanisms 

  T8 

VR    3 27.3 T9, T10, 
T11 

 - modelling - academia 

high 
frequency 
trading 
ecosystem 

- an extended model   T9 

 - modelling - academia 

mobile 
payments 
technology 
ecosystem 

- an extended model   T10 

 - a case 
study-
related 
pattern-
matching  

- academia 

mobile 
payments 
ecosystem 

- a framework   T11 

Total    4 36.4 of all the 
papers 

 

As Table 7 shows, 100 % of the empirical research papers were from the academia. In 
the following, the empirical research is opened in more detailed way for possible 
classification comparison purposes. In the descriptions, the connections to the solution 
proposals (ID T2, ID T4) are brought forth. 

In the only evaluation research (see Table 7, ID T8), central actor possibilities to 
balance ecosystems tensions on the governance of technology ecosystem are considered 
as it is recognized that the central challenge for the ecosystem is to maintain equilibrium 
between stability and evolvability. For this research Warenham, Fox and Cano Giner 
(2014) adopt the impression of technology ecosystems as product platforms defined by 
core components made by the platform owner and complements made by autonomous 
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companies on the periphery. These platforms have two primary characteristics. The first 
one is that they should perform an important function within a “system of use” or solve 
an important technical problem within an industry. The second is that the former should 
be easy to connect to or build on the core solution in order to expand the system of use 
and allow new and even unanticipated end uses. Furthermore, from the business point of 
view, the product of the core firm has important, but limited value when used alone, but 
when used with complementary components the value increases substantially. It is 
stressed that technology platform strategies offer a novel way to orchestrate a rich 
portfolio of complement contributions made by the many independent heterogeneous 
actors around a stable platform core (which core software is open source) (Wareham et 
al., 2014). 

For the case study of enterprise resource planning (ERP) ecosystem Warenham et al. 
(2014) have used the theoretical sampling method. They have collected data during the 
years 2007-2010 via interviews (of channel management partners, development 
managers, research and development directors, independent software development and 
implementation partners and customers), utilization of industry literature and archival 
data of software vendor, and by being present at different partner events. Through the 
analysis of information (including e.g. five validation incidents) Wareham et al. (2014) 
identify tree main salient tensions of the stability-evolvability equilibrium that 
characterize the ecosystem and also governance mechanisms used to either increase 
desirable variance or decrease undesirable variance for each tension.  

The found validation researches rely on the solution proposal (see Table 6, ID T4) about 
the new technology ecosystem model of technology evolution given by Adomavicius, 
Bocksted, Gupta and Kauffman. For the model Adomavicius et al. (2007, p. 201) define 
technology ecosystem and technology evolution as follows:  

“Technology ecosystem is a system of interrelated technologies that influence 
each other’s evolution and development. A specific technology ecosystem 
view is defined around a focal technology (i.e. technology that the analyst is 
most interested in) in a given context (a specific application, use, or capability 
of the focal technology under consideration).”  

”Technology evolution is the change in technology structure over time, 
including the development of new technologies and the refinement of existing 
technologies.”  

Adomavicius et al. (2007) identify roles (components, products and applications, and 
support and infrastructure) that technologies play within ecosystem, technologies 
interaction through the roles, and their impact on each other’s evolution. They classify 
the types of temporal interactions among technology roles and their influence on each 
other (paths of influence). With the illustration of the model through the example of Wi-
Fi technologies and the mini-case study in the digital music industry, they provide a 
clearly defined process and tools for industry analysts for the identification and 
evolution of a specific ecosystem with respect to a given focal technology and industrial 
context. (Adomavicius et al., 2007.) Other promotion for the utilization of the process 
and tools of new model for structuring the analyst’s and decision-makers interpretations 
in connection with the specific strategic business objectives is done also a year earlier in 
the other solution proposal (see Table 6, ID T2) with the illustration of the model 
through example of intelligent technologies (Adomavicius, Bockstedt, Gupta, & 
Kauffman, 2006).  

Kauffman has continued the work on the technology ecosystems with Liu and Ma in the 
valuation research (see Table 7, ID T9). They propose an ecosystem analysis approach 
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extending the technology ecosystem paths of influence model proposed by Adomavicius 
et al. (2008a). Focus is changed from product innovations to service innovations and the 
building blocks (technology roles) of paths of influence is changed to include 
technology components (e.g. encryption algorithms, access controls), technology-based 
services (provides customers access to broad spectrum of services) and technology-
supported business infrastructure (create the basis of for the provision of services to 
customers) (2015). These building blocks have seemed to provide foundations for the 
related digital businesses (Kauffman et al., 2015).  

In the research on innovations in financial information system (IS) and technology 
ecosystems Kauffman et al. (2015, p. 343) define the financial IS and technology 
ecosystem to be “A set of technologies related to one another through some 
functionality or services, incorporating various stakeholders such as customers, 
financial firms, or regulators”. The former model is extended by adding stakeholder 
analysis for the consideration of both supply and demand –side forces for technological 
change. Kauffman et al. (2015, p. 344) define three stakeholder actions (push-forward, 
pull-back and strategic alliances) to speed and to stall innovations in certain markets. 
Through these actions, stakeholders have seemed to affect one another (demand side 
forces), and are affected by technology innovations (supply side forces). Stakeholders 
have a critical role in the evolution of technology by acting as accelerators of 
decelerators of industry changes.(Kauffman et al., 2015.)  

For the research Kauffman et al. (2015) have gathered and analysed data between the 
1980s and 2010s from industry announcements, news, government reports and surveys, 
and publicly-available historical records related to electronic trading technologies, 
stakeholders’ actions and related technologies, and also by conducting interviews with 
industry practitioners, executives and analysts. As a basis of analysis, they have used 
graphical coding approach representing technology components, services and 
infrastructures, and the roles they play in technological innovation. To supplement this 
they have defined the stakeholder actions that speed or stall innovation diffusion and 
added them to their coding approach. (Kauffman et al., 2015.) On the basis of the 
analysis and the applying test to the high-frequency trading technology ecosystem 
Kauffman et al. (2015) identify evolutionary patterns between technology and the 
transformation of the financial market.  

Liu, Kauffman and Ma have continued research on technology ecosystems by using the 
extended path of influence model in financial services settings (see Table 7, ID T10) to 
understand how industry-centred technology innovations arise and evolve on the 
generalized near field communication (NFC) mobile-payments technology ecosystem. 
In their second valuation research Liu et al. (2015, p. 379) present a description of the 
generalized near field communication -enabled mobile-payments technology platform 
on which different provider sectors (telecommunications, banks, merchants, mobile-
payment services vendors) take different responsibilities. The platform providers 
participate and cooperate in a cross-industry alliance (such as the Smart Card Alliance) 
to establish a set of common operational, process and technology standards, enabling 
related technology innovations to populate the mobile-payments technology ecosystem. 
They emphasize that understanding the scope of the participants and the business 
process will help to know what technology innovations are likely to influence the 
development of mobile-payment services, and how they will fit into their extended 
paths of influence model. (Liu et al., 2015) 

In the research Liu et al. (2015) focus on two key elements: (1) modelling the impacts 
of competition and cooperation on different forms of innovations in the building blocks 
(technology roles); and (2) representing the role that regulatory forces play in driving or 
delaying innovation.  For the research, they have collected and analyzed data involving 
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m-payments technology related events between the 1997 and 2014 from news and 
industry announcements, government reports and surveys, publicly available historical 
documents, Internet search tools, and by interviewing industry practitioners. They have 
used similar coding and analysis as in their previous research. To supplement this they 
have identified patterns that have emerged as by-product from stakeholders’ 
competition and cooperation (e.g. co-opetition for business infrastructure innovation) 
and as the effects of regulation (e.g. uncertainty following the absence of guidance). 
Based on the analysis Liu et al. (2015) identify the occurred industry-specific patterns of 
innovation, suggest how they have been affected by co-opetition and regulation and 
stress a need for new financial regulation and competition policies (e.g. to be enable 
new entrants to compete with large existing players) to be utilized in the development of 
e-commerce. (Liu et al., 2015.)  

In the third validation research (see Table 7, ID T11) Hedman and Henningsson extend 
research on mobile-payment ecosystems. They built on the idea of a business ecosystem 
made by Moore (1996) (cf. digital business ecosystem) their approach to digital 
ecosystems, which emphasise the relationship between technology and strategy as 
inseparable wholeness. As some other researchers (e.g. Basole, 2009, ID D20) they 
perceive an ecosystem as a co-opetitive environment where symbiotic relationships are 
formed to create mutual value for its stakeholders. Based on these perceptions Hedman 
and Henningsson (2015, p. 309) define payment ecosystem to be “ecosystem in which 
business and technology strategies are inseparable”. Technology can be used in 
defensive (build-and-defend) or offensive (battering-ram) market strategies at different 
levels in the ecosystem. Hedman and Henningsson propose three (micro, meso and 
macro) level framework of mobile-payment market co-operation (MPMC) which aims 
to explain competition and collaboration in the payment ecosystem. The framework is 
grounded in market cooperation theories, technology ecosystem theory (Adomavicius et 
al., 2007; Kauffman et al., 2015; Liu et al., 2015) and business ecosystems theory (e.g. 
Moore, 1996).  

For the research Hedman and Henningsson (2015) have gathered data from publicly-
available sources (such as annual reports, news stories and press releases, research 
articles, and web pages), by taking part in workshops and by interviewing 
representatives of various stakeholders (from financial institutions, mobile payment 
instrument providers, and government agencies). They validate the proposed framework 
by analyses of embedded case studies from the Danish payment ecosystem. By using a 
case study-related pattern matching technique, empirical observations were matched and 
compared with the framework and its concepts. The illustration of the cases is focused 
on depicting technology-based market cooperation strategies used for the market 
positioning by incorporating the effects of market-side competition, cooperation and 
regulation as a means to explore technology evolution in the payments sector and 
bringing up the dynamics of a digital ecosystem in general. The framework explains 
competition and collaboration in payment ecosystems by showing how the digitalization 
of payments (as a technology innovation) affects the co-opetition among traditional and 
new stakeholders in the payment ecosystem at three levels of analysis. (Hedman & 
Henningsson, 2015.) 

As shown in Table 7 and discussed above, the focus of the scarce empirical research 
(36.4 % of the papers) presented by academia (from Europe ID T8 and ID T11, from 
Asia ID T9 and ID T10) was dual. With three papers, the most used research approach, 
the validation research (27.3 % of the papers) concentrated on detecting the decisions 
and actions of different stakeholders (both from supply and demand side) in the 
adoption of innovations (either in competitive or collaborative mode) and so to detect 
the evolution of the technology ecosystem in relation to the transformation of the 
market.  
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In the first two of the validation researches (ID T9, ID T10) the presented solution 
proposals (ID T2, ID T4) were utilized in a new extended model. The validation of this 
new model was done through the modelling of high frequency trading and mobile 
payments technology ecosystems. The third validation research was using a case study-
related pattern-matching technique based on three existing case studies for the 
validation of the new framework for the inspection of technology-based market co-
operation strategies and for bringing up the dynamics of a certain ecosystem in general 
(ID T11). 

The only evaluation research (ID T8) (9.1 % of the papers) used a case study of ERP 
ecosystem and concentrated on finding out the dynamics and possible governance 
mechanisms of the platform (on which the core software is open source) during its 
development and possibilities to balance ecosystems tensions from the viewpoint of the 
platform owner (ERP). This evaluation research used theoretical sampling in identifying 
conditions for paradoxical tensions in the governance of the technology ecosystem.  

In addition to what appeared in relation the topics (see Chapter 4.1.2), the more detailed 
inspection by research type revealed the third view to technology ecosystems. The view 
filtered the technology ecosystem to the most crucial part of a larger technology 
ecosystem that is a platform, which has two primary characteristics. The first one is that 
they should perform an important function within a “system of use” or solve an 
important technical problem within an industry. The second is that the former should be 
easy to connect to or build on the core solution in order to expand the system of use and 
allow new and even unanticipated end uses. Furthermore, from the business point of 
view, the product of the core firm has important, but limited value when used alone, but 
when used with complementary components the value increases substantially. (ID T8.) 

The findings revealed the need for more empirical research both from the viewpoint of 
core enterprise of the platform and from the viewpoint of all stakeholders of the 
technology ecosystems for the identification of dynamics and possible patterns in these 
ecosystems.  

4.2 Digital business ecosystems 

Discussion about digital business ecosystems emerged based on discussion in the USA 
about technology based business ecosystems that led at the beginning of 2000 in the EU 
to find out a solution, a new kind of technology based public middleware infrastructure, 
to help SME’s in adoption of e-business and to help EU to strengthen its position in 
global competition. The need to understand provision and deployment of digital 
business ecosystems has led to spreading of ideas and new openings. Next chapters 
open how each research subquestion were answered for structuring the research area.  

4.2.1 Journals 

The first research question was asked for the identification of the forums for discussion 
of digital business ecosystems.   

RQ1: Which publications include papers on digital business ecosystems? 
 
The final number of papers was 39. The distribution of the papers to different 
publications is illustrated in Figure 8. The amount of papers indicates that the concept of 
digital business ecosystems is emerging based on the first efforts of provision in 
Europe. 
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Figure 8. Source publications and amount of articles in each publication. 

As Figure 8 shows, the papers were published in 26 different publications (set in 
ascending order by publication time of the first paper) on which 42.3 % were journals 
and 57.7 % conference proceedings. At the time of the study (according to classification 
of expert panels of the Publication Forum) 73.1 % of the publications were basic level 
channels, 19.2 % were leading channels and 7.7 % were top-level channels. From the 
papers 20.5 % were published on the leading channels (Data and Knowledge 
Engineering, Communications of the ACM, IEEE Transactions on Systems, Man, and 
Cybernetics Part A: Systems and Humans, International Conference on Information 
Systems, Computers in Industry) and 10.3 % on the top channels (Journal of 
Information Technology, IEEE Transactions on Industrial Electronics).  

From the IS literature (see Figure 8) 30.4 % of the channels published two or more 
papers. The most active channel with six papers was Proceedings of the MEDES 
(International Conference on Management of computational and collective IntElligence 
in Digital EcoSystems previously named the International Conference on Management 
of Emergent Digital EcoSystems). Together with leading and top channels, this flags of 
the importance of economical, digital and social viewpoints for the future research. 
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From the business literature (Journal of Economic Issues, Entrepreneurship and regional 
development) and social and behavioural literature (Procedia) the most active channel 
with two papers was Procedia. Those were flaging for the importance of larger 
economical and social viewpoints for the future research.  

4.2.2 Digital business ecosystem topics and their evolution 

The second research question was asked for the identification of possible trends.  

RQ2: What are the most investigated digital business ecosystems topics and 
how have these changed over time?  

The yearly distribution of the papers is illustrated in Figure 9. The evolution of the 
topics over time is clarified in Tables 8 and 9.  

 

Figure 9. Yearly distribution of digital business ecosystem papers. 

The oldest paper was published 2005 and the newest during the year 2014 (see Figure 
9). Most of the papers were published during the period 2009-2012. Over the last two 
years, the amount of papers has slightly decreased. From Figures 8 and 9 one can also 
see e.g. the humble start of research reporting on efforts made for the creation of digital 
business ecosystem, arose of competing solutions and incremental diffusion of the 
concept. Ending finally with arose of suggestions for exploration these new forms of 
ecosystems.  

Because over the years 2005-2014 the topics of papers varied considerably, the 
evolution of the topics over time is divided in two periods of time that are clarified in 
Tables 5 and 6. In the Tables 5 and 6 DBE refers to the considerations and 
implementations of the DBE project (and projects related to it in EU) and dbe refers to 
other contexts.  

Years 2005-2010 

As the following Table 8 shows, during the first part of the period (years 2005-2007, cf. 
Figure 9) discussion about digital business emerged in Europe in the context of the EU-
funded Digital Business Ecosystem research project. The project aimed to establish non-
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proprietary large-scale distributed public infrastructure (ID D4) to support SMEs in the 
e-business adaption (ID D1) via flexible development and composition of software 
services. This new open source project operated under open source licensing and all 
core components were designed according to open standards principles (ID D4).  

Table 8. Change of digital business ecosystem topics over time during years 2005-2010 (in 
this Table DBE refers to the considerations and implementations of the DBE project 
and dbe refers to other contexts).  

Topic  ID Continent 

Framework for computation independent business 
modelling language for the DBE 

D1  Europe 

Governance and sustainability of the DBE D2, D3, D4, D10 Europe 

Risk reduction in the interactions (including transactions 
in the formation phase) in a dbe 

D5, D6, D7, D17 Australia 

Alternative technologies and methodologies for a 
provision of a dbe 

D8, D14, D16  

D13 

Europe 

Asia 

Design, simulation and analysis of the DBE D9, D11, D12, D19 Europe 

Agility of richly connected hub; process model for 
development and leverage of a proprietary dbe 

D15 Asia 

Taxonomy of regulatory issues for fostering trust in a 
DBE in EU  

D18 Europe 

Iterative process model of ecosystem relationship 
transformation (in dbes)  

D20  Europe 

Framework for cross-disciplinary collaboration on 
research of digital ecosystems (including DBEs) from 
computer science perspective  

D21 Europe 

 

 

At the beginning (see Table 8), there was a need to publish efforts with recognized 
barriers and suggestions for continuation. The main characteristics of the computation 
independent business modelling language framework were defined for the 
simplification of the communication among business people and IT system designers 
(ID D1). The commons’ perspective was brought forth to provide insights into the 
evolution of the institutions of governance. It was employed to assist software producer 
SMEs and other participants in building of new governance institutions for the 
provision of Internet-based business services and for the sustainability of the platform 
(ID D2). A research group identified that at that time ‘invisible’ technological 
infrastructure contained properties that at once undergo only minor changes over time 
(fluid object) and undergo discontinuity from the existing versions of the technology 
(fire object). It was argued that these properties can be seen within the same frame and 
the properties need to be balanced by information system researchers (ID D3). The 
group continued discussion about potential governance framework requirements (ID 
D4), and a key function of the governance framework that will be to support the 
transition from project to community (ID D10).     

In Australia, the worldwide emerging concept of digital business ecosystems (the 
European approach) was recognized (ID D5, ID D6) (see Table 8). A digital business 
ecosystem was perceived as a self-organizing digital infrastructure aimed at creating a 
digital environment for networked organizations that supports the co-operation, 
knowledge sharing, adoption and development of open and adaptive technologies (ICT) 
and the evolutionary business models (ID D6). For business entities, SMEs, and 
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individuals these special Internet-based environments would offer an environment 
where they can join based on their own interest, and where they can interact with each 
other via agents (their digital representatives) in effective and efficient ways (ID D5). 
Discussion about multi-agent systems started with stepping towards a risk management 
in these (P2P) environments in e-commerce interactions. A research group brought up 
the difference of trust and risk evaluations. They made proposals for methodologies for 
ascertainment of level of failure after the interaction of agents in the digital business 
ecosystem (ID D5), for the determination of probability of failure before the interaction 
of agents in the digital business ecosystem (ID D6), and for the determination of the loss 
of resource benefit in the interaction before proceeding in the financial digital business 
ecosystem (ID D7).  

As Table 8 shows, during the second part of the period (years 2008-2010, cf. Figure 9) 
in Europe (in relation to Digital Business Ecosystem and EU Multi-Agent Approach for 
Digital Business Ecosystems - China Natural Science Foundation co-operation project) 
discussion about efforts to model, simulate and analyze these multi-agent systems 
became to the focus. For the first effort to model a digital business ecosystem, the work 
of Iansiti and Levien (2004b) was perceived as a very promising way to model business 
networks as ecosystems. This effort (based on P2P communication network) appeared 
when a research group modelled a network with SUN Microsystems’ Federated 
Advanced Directory Architecture. They introduced a two-tier architecture model and 
methodology for a topological analysis of the digital business ecosystem with the notion 
that the topology of the SME business network affects to the topology of the P2P 
communication network because SMEs join in and leave the system frequently (ID D9). 
The work was opened up in a more detailed way, and revealed that by running a set of 
discrete event simulations it was found several rules to design a resilient and efficient 
P2P network (ID D11). A little bit later, another research group modelled a network 
with the OpenKnowledge system. They proposed a different approach for P2P networks 
(cf. ID D11) and presented a simulation tool for the companies willing to find business 
partners within a network of collaborations for creation and management collaboration 
links in digital business ecosystems by providing information about keystone nodes and 
connectivity patterns (ID D19). Beside the two former, a third effort was brought forth. 
Based on the way reputation propagates a research group considered social aspects as 
important as purely economic aspects in the interactions of various agents (buyer-seller 
relations) and they created a simulated DBE for modelling the forces that shape the 
states of digital business ecosystem (ID D12). 

In relation to experiences from the Digital Business Ecosystem project there was also 
the need to publish efforts to confront detected regulatory issues and to facilitate of 
cross-disciplinary collaboration in the future (see Table 8). Based on examination of the 
importance of trust and regulation for SMEs engaging e-business a research group 
proposed a taxonomy that addresses key regulatory issues and fosters trust as the 
vehicle e.g. for the elimination of regulatory overlap and conflict (ID D18). For the 
assistance of cross-disciplinary collaboration of research into digital ecosystems, 
including digital business ecosystems (DBEs) and digital knowledge ecosystems 
(DKEs), a theoretical framework was provided from computer science perspective with 
reference to the conceptual development and new definition of digital business 
ecosystem (ID D21).  

Otherwise in Europe (alongside Digital Business Ecosystem project), the ideas from it 
started to spread for the encouragement of service-based co-operation between 
organizations (see Table 8). With focus on all kinds of electronic data and knowledge 
exchange in the context of e-commerce and e-business DOGMA (Developing 
Ontology-Grounded Methods and Applications) approach and architecture were 
promoted as a possibility to provide an infrastructure for digital business ecosystems. 
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The DOGMA ontology engineering methodology was advocated as a way to capture the 
pragmatics of a digital business ecosystem (ID D8). Centrality of ontology and web 
service creation for greater levels of automation and interoperability with other 
processes was highlighted also in the context of product lifecycle management. With a 
case study, a research group illustrated how an emerging open source based digital 
business ecosystem can spur innovation and evolution in applications around created 
new type of product lifecycle management for large scale multinational manufacturing 
companies (ID D14).  A part of the group presented this new approach in relation to 
regional learning community (SAMSON, Shared Architecture for eMployer, Student 
and Organisational Networking –project) where user/service provider –driven policy 
refinement and the emerging standards-based technology (e.g. BPEL, Business Process 
Execution Laguage) were used both in enhancing the existing processes and 
encouragement for innovation (ID D16).  

The spreading of ideas and the concept from Digital Business Ecosystem project 
continued outside Europe (see Table 8). As in Europe, the focus was on the facilitation 
of a formation phase of a digital business ecosystem. In Asia (based on previous 
progression e.g. in Australia) concurrent workflows were noticed to form a highly 
dynamic element of a digital business ecosystem. Hence, it was delivered a description 
of a critical path based approach with proposal for an algorithm (developed based on 
YAWL, Yet Another Workflow Language cf. ID D16) for predicting temporal 
exceptions in the resource constrained concurrent workflows within a digital business 
ecosystem (ID D13). In Australia a research group that previously had proposed 
methodologies for risk management (cf. ID D5, ID D6, ID D7) emphasized now that a 
success of business transactions is largely depending on well-formalized negotiation and 
contract assignments. They proposed an extension of the Foundation for Intelligent 
Physical Agents (FIPA) Contract Net Protocol (CNP) with the addition of the quality 
evaluation step during the negotiation process between agents that will reduce the 
associated risk in the transactions and boost the performance of the transactions in the 
digital business ecosystem (ID D17).  

In addition, issues over open platform based business ecosystems in relation to digital 
business ecosystems were brought forth both in Asia and in Europe (see Table 8). In 
Asia, it was recognized inadequate understanding of how IT can facilitate enterprise 
agility for contemporary organizations engaged in networked competition. Based on a 
longitudinal case study of Alibaba.com (e-commerce portal connecting Chinese SMEs) 
a research group proposed a process model of how a proprietary digital business 
ecosystem (IT-artifact) may be developed and leveraged for (richly connected hub) 
enterprise agility (ID D15). In Europe it was recognized that instead of hardware the 
mobile industry is nowadays more focused on software and digital content. From the 
viewpoint of product developing firms (that are innovating with digital technologies in 
different ecosystems), it was highlighted the governance of ecosystem relationships as a 
means to push digital innovation. Based on a historical analysis of mobile product 
manufacturer Ericsson (that decided to explore open platform alternatives with open 
network standards for the business) a research group proposed an iterative process 
model of ecosystem relationships transformation (ID D20).  

Years 2011-2014  

As the following Table 9 shows, during the first part of the period (years 2011-2012, cf. 
Figure 9) discussion over multi-agent systems continued in Europe in relation to already 
finished Digital Business Ecosystem project. As in discussion in Australia, negotiation 
between agents and on the other hand stability of these systems moved to focus. A 
research group presented a model of negotiation-style dynamics from the point of view 
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of computational ecology and introduced an example of a recommender system (cf. ID 
D17) where agents negotiate (contracts, terms and conditions) for services on behalf of 
small companies (ID D22). Another research group (cf. ID D8, ID D10, ID D21) 
reported a theoretical basis for the construction of digital business ecosystems levelling 
the playing field for small and medium -sized enterprises. They extended the existing 
Chli–DeWilde stability to provide a greater understanding about stability in multi-agent 
systems with evolutionary computing (ID D23).  

Table 9. Change of digital business ecosystem topics over time during years 2011-2014 (in 
this Table DBE refers to the considerations and implementations of the DBE project 
and dbe refers to other contexts).  

Topic ID Continent 

Stability in the DBE D22, D23 Europe 

Diffusion of freely distributed beta products (the building 
blocks of dbes) in a co-creation community 

D24 Europe 

Framework and model for a decentralized trust and 
reputation system of collectivist dbe 

D25, D37 Arfica 

Evolutionary framework of a dbe for Malaysian SMEs D26 Asia 

Fundamental competency required by all in the dbe of 
mobile industry 

D27 North 
America 

Federative interoperability framework for dynamic 
manufacturing networks in the aerospace dbe 

D28  Europe 

Framework with research design for ways to measure 
dynamic and stabilizing forces in Knowledge Organization 
Systems in dbes 

D29 

 

Europe 

Process definition tools for a automated manufacturing on 
a dbe (cf. ID D14) 

D30 Europe  

Encryption solution to lay the ground for a dbe of energy 
services  

D31 Europe 

SMEs and their public voice in EU (e.g. in relation to 
dbes) 

D32 Europe 

Model and techniques for supporting cognition-driven 
decision processes in dbes  

D33 Australia 

Framework for exploring the value network and the 
enterprise as part of a dbe 

D34 Europe 

Framework consisting of creation, monitoring and 
evaluation steps for dbes 

D35 Europe 

Enhanced  unified context model for contextualization of 
business documents for dbes 

D36 Europe 

dbe approach for studying and analyzing the role of 
alliances for research spin-offs 

D38 Europe  

Comparison of different ecosystem analogies (including 
dbes) in economic fields  

D39 Europe 

 

Outside Europe, the concept of digital business ecosystem from Europe was further 
adopted (see Table 9) and e.g. discussion over trust in relation to e-business continued. 
In Asia it was recognized Europe has already on the deployment phase of the digital 
business ecosystem. Despite the fact that the digital business ecosystem technology was 
still in its early days it was growing fast to become the business information network of 
the future. For the same kind of development, an evolutionary framework of digital 
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business ecosystem for Malaysian SMEs was presented to help these enterprises climb 
up the ladder of e-adoption in a competitive but at the same time collaborative 
environment (ID D26). In Africa, it was notified that modelling, computing and 
analyzing trust and reputation for digital business ecosystems is challenging issue as 
participants leave and join the network continuously. The focus was moved from agents 
to super-agents representing community managers that provide recommendations for 
the agents of the ecosystem and it was proposed a framework for digital business 
ecosystem trust and reputation systems (in conjunction with social network centrality 
measures) (ID D25). In the USA, it was postulated that trust would be the most 
fundamental competency required by all the players that make up the digital business 
ecosystem around mobile money services and trust will define the next phase of 
innovation and growth in mobile industry (ID D27).  

In Europe, discussion on manufacturing networks and product lifecycle management 
continued (see Table 9). In the previous period presented ideas about the emerging 
digital business ecosystem around the new type of product lifecycle management for the 
large scale multinational manufacturing companies (cf. ID D14) were promoted with the 
presentation of the implementation of the process definition tool and some of the 
applications (the virtualization of automation and integration at both lower and higher 
levels of distributed applications) (ID D30). In addition, a mature European aerospace 
community described the emerging need for sustainable interoperability due to the 
increasing importance of e-business collaboration within the emerging ecosystems. 
They presented a federative interoperability framework based on federation of existing 
e-business standards for technical enterprise applications for dynamic manufacturing 
networks and its usage with dynamic network management in their ecosystem (ID D28).  

Moreover, there were new openings (see Table 9) regarding of diffusion of software, 
development of needed information systems (e.g. organizational and industrial) and 
guidance for better SME participation in the future. Based on the notion that freely 
distributed co-created beta products are essential building blocks of digital business 
ecosystems and that diffusion of these products differs from traditional product adoption 
dynamics a research group presented an extension of the existing diffusion model of 
Bass (ID D24). Beside interoperability of systems knowledge maturing arose to the 
focus in relation to the planning and development of Knowledge Organization Systems 
(KOS). A framework was presented with research design for ways to measure dynamic 
and stabilizing forces as existing and anticipated connectivity between nodes in digital 
business ecosystems (ID D29). In relation to smart grids, a research group proposed a 
solution for the encryption of data to secure the intermediary against privacy invasions, 
for to building up customers' confidence in smart metering and for laying the ground for 
a digital business ecosystem of energy services (ID D31). A gap between the socio-
economic part played by the SMEs and their public voice in EU was noticed. It was 
suggested that a new framework could facilitate SMEs access to finance and 
technologies (e.g. new web technologies) and lead to better participation in the decision-
making processes related to the regional sustainable development (ID D32). 

As Table 9 shows, during the second part of the period (years 2013-2014, cf. Figure 9) 
outside Europe in Africa a research group continued (cf. ID D25) to consider trust from 
the cultural perspective (in addition to technical perspective). They proposed and 
evaluated Trustcv (trust and reputation model, based on the P2P trust and reputation 
model for individualistic communities) to support collectivist digital business 
ecosystems for regions such as Africa, where collectivist culture norms and behaviour 
are common (ID D37). In Australia, on the basis that digital business ecosystems are 
developed in different fields, such as logistics and electricity markets (cf. ID D31) a 
research group moved the focus to decision processes. They proposed novel situation 
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retrieval (SR) model for techniques and cognition-driven decision processes to be used 
in digital business ecosystems (ID D33).  

In Europe, a new Enhanced Unified Context Model (E-UCM) was presented (see Table 
9), that would serve as a basis for contextualizing business documents exchanged 
between different inter-organizational business processes and it would solve the 
shortcomings of the Unified Context Model introduced by The United Nations Centre 
for Trade Facilitation and Electronic Business (UN/CEFACT) (ID D36).  

Furthermore, it was recognized that digital business ecosystems are becoming an 
increasingly popular concept (see Table 9) for modelling and building distributed 
systems in heterogeneous, decentralized and open environments (ID D38). A framework 
(developed from Zachman's enterprise architecture) for exploring the value network and 
the enterprise as a part of a digital business ecosystem and for estimating the maturity of 
a business ecosystem was presented (ID D34). This framework was taken account in the 
next provisioned framework that adopted ideas for digital business ecosystem both from 
Australia and from Europe. This second framework contained three different steps: 
digital business ecosystem creation, monitoring and evaluation (endorsing performance 
indicators set by Iansiti and Levien (2004b) (ID D35).  

Finally (see Table 9) the differences between and new types of industrial partnership in 
the form of business ecosystems (both in physical and digital forms) and traditional 
types of partnership were highlighted by a research group. This group introduced the 
new and complementary approach for studying and analyzing the role of alliances for 
research spin-offs (SOs, the set of firms established by current or former 
university/research centre members for the purpose of exploiting research results, 
regardless of whether the firm holds a university share or patent) (ID D38). A 
comparison of different ecosystem analogies (industrial ecosystem, innovation 
ecosystem, business ecosystem, digital business ecosystem, and entrepreneurship 
ecosystem) in economy related literature was presented with the notion that analogy of 
digital business ecosystem is the only one operating in digital environment and the only 
one that provides digital support for the economic development of enterprises. The 
features of a digital business ecosystem included in the comparison rest on the 
description of Nachira from the year 2002 (ID D39). 

As shown in Tables 8 and 9, because of its roots, digital business ecosystem has been in 
focus mainly in Europe (71.8 % of the papers) and especially in the Digital Business 
Ecosystem project (33.3 % of the papers mentioned above). Interest in digital business 
ecosystems has emerged concurrently with DBE project in Australia (total amount of 
papers 12.8 %) and Asia (total amount of papers 7.7 %), and after the closing of the 
DBE project also in Africa (5.1 % of the papers) and North America (2.6 % of the 
papers).  

As shown in Tables 8 and 9, the most discussed topics have emerged concurrently with 
discussions in relation to the formation and provision of the digital business ecosystem 
of the DBE project in Europe. In Europe in relation to the DBE project the topics have 
started with discussions about governance and sustainability of the new distributed open 
source based technological infrastructure (in the formation phase) (ID D2, ID D3, ID 
D4, ID D10) (10.3 % of the papers). They have moved on to the discussions about the 
simulation, analysis and design (ID D9, ID D11, ID D12, ID D19) (10.3 % of the 
papers), and to the stability of this new software environment (ID D22, ID D23) (5.1 
%). Moreover they have covered the need to help the progress of modelling of business 
(ID 1) (2.6 %), the progress of regulation in EU (ID 18) (2.5 %) and the progress of 
cross-disciplinary collaboration in the research (ID D21) (2.5 %). The trend is towards 
simulation, analysis and further development of these ecosystems.   
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In Australia, the most discussed topics have been in relation to the reduction of risk in 
the interactions (including transactions in the formation phase) in digital business 
ecosystems (ID D5, ID D6, ID D7, ID D17) (10.3 % of the papers). In Europe (outside 
the DBE project) and in Asia, they have been in relation to alternative technologies and 
methodologies for a provision of a digital business ecosystem (ID D8, ID D14, ID D16, 
ID D13, ID D30) (12.8 % of the papers). The rest of the papers (43.6 %) have covered 
several different topics.  

These findings indicate that the experiences and discoveries for further developments 
are shared with the academic world for the enhancements of cross-disciplinary co-
operation. The example of the DBE project has inspired to parallel suggestions for 
formation and provision phases.  

4.2.3 Research approaches, methods and context  

The third research question was asked for the identification of emphasized research 
approaches that could lead to the identification of possible research clusters or gaps.  

RQ3: What are the most frequently applied research approaches and methods, 
and in what study context?  

Papers classified by research type are summarized in Table 10.  

Table 10. Types of research from the digital business ecosystem literature.  

Category Amount % Paper ID 

Evaluation research (ER) 9 23.1 D3, D14, D15, D18, D20, D22, D24, D34, D38 

Validation research (VR) 7 17.9 D11, D12, D19, D23, D31, D33, D37 

Solution proposal (SP) 11 28.2 D5, D6, D7, D8, D13, D17, D25, D28, D29, 
D30, D36 

Philosophical papers (PP) 5 12.8 D1, D21, D26, D35, D39 

Opinion papers (OP) 3   7.7 D2, D27, D32 

Experience papers (EP) 4 10.3 D4, D9, D10, D16  

Total 39 100.0  

 

As shown in Table 10, the most frequently applied research approaches were evaluation 
research (23.1 %) and solution proposal (28.2 %). The amount of validation research 
was also emphasized (17.9 %). The rest of the papers were either presenting 
frameworks (12.8 %), opinions (7.7 %) or experiences (10.3 %). One can see from the 
Table 10, how empirical research arose after the first discussions related to the DBE –
project.  

The focus is on the empirical research papers on which the method used was in interest 
and included in the evaluation criterion. The empirical research papers are opened in 
more detailed way for possible classification comparison purposes. In the descriptions, 
the connections to the solution proposals (ID D25, ID D30) are brought forth. 
Otherwise, as non-empirical papers already are shortly clarified in Chapter 4.2.2., in the 
following it is included only a wrap-up of the solution proposals. 
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Before going to the empirical research, the non-empirical research (58.9 % of all 
papers) is presented (see Table 11).  

Table 11. Non-empirical research from the digital business ecosystem literature. 

Category Context Contribution Amount % Paper ID 

SP   11  28.2 D5, D6, D7, D8, 
D13, D17, D25, 
D28, D29, D30, 
D36 

 - academia - a methodology   D5 

 - academia - a methodology   D6 

 - academia - a methodology   D7 

 - academia - a methodology   D8 

 - academia - an algorithm   D13 

 - academia - an extension to a 
protocol 

  D17 

 - academia - a framework  with 
metrics 

  D25 

 - IMAGINE 
project 

- a framework with 
an extended 
hypermodel for 
interoperability 

  D28 

 - academia - a framework with 
research design 

  D29 

 - PDE project - PDE tools   D30 

 - academia - a model   D36 

PP   5  12.8 D1, D21, D26, 
D35, D39 

 - DBE project - a framework   D1  

 - DBE project - a framework   D21 

 - academia - a framework   D26 

 - academia - a framework   D35 

 - academia - a framework   D39 

OP   3 7.7 D2, D27, D32 

 - DBE project - an opinion   D2 

 -organization - an opinion   D27 

 - academia - an opinion   D32  

EP   4 10.2 D4, D9, D10, D16  

 - DBE project - an experience   D4 

 - DBE project  - an experience   D9 

 - DBE project  - an experience   D10 

 - SAMSON 
project 

- an experience   D16 

Total   23 58.9 of all the papers 
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As Table 11 shows, 21.8 % of the non-empirical papers were in relation to the DBE 
project and 13.0 % to other projects. The other contexts for the papers were 60.9 % 
from the academia, and 4.3 % from organization. The papers were presenting five 
frameworks (D1, D21, D26, D35, D39), and proposing  models (ID D28, ID D36), 
methodologies (ID D5, ID D6, ID D7, ID D8), tools (ID D30), a protocol (ID D17), an 
algorithm (ID D13), metrics (ID D25) and a research design (ID D29). Inspection of the 
empirical research starts with the most frequently used research approach, the 
evaluation research (see Table 12). 

Table 12. Empirical research (evaluation research) from the digital business ecosystem 
literature. 

Category Method Context Contribution Amount % Paper ID 

ER     9 23.1 D3, D14, D15, 
D18, D20, D22, 
D24, D34, D38 

 - a case study, 
different 
methods 

- DBE 
project 

- identification 
of  paradox  

  D3 

 - a case study, 
different 
methods 

- DBE 
project 

- taxonomy   D18 

 - a case study, 
implementation 
of NSR 

- DBE 
project 

- a model    D22 

 - a case study, 
initial tests 

- BDA 
project 

- PDE tools   D14 

 - a case study, 
different 
methods 

-acade-
mia 

Alibaba 

- a process 
model 

  D15 

 - a case study, 
multiple 
methods 

- acade-
mia 

Sony 
Ericsson 

- a process 
model 

  D20 

 - a case study, 
beta tests with 
co-creation 
community 

- acade-
mia 

 

- an extended 
diffusion 
model of Bass 

  D24 

 - a case study, 
theoretical 
sampling, test 
with focus 
group 

- acade-
mia 

 

- a framework   D34 

 - case studies, 
survey, linear 
regression 
analysis 

- acade-
mia 

- identification 
of challenge in 
strategic 
partnerships 
with spin-offs 

  D38  

Total    9 23.1 of all the papers 

 

As Table 12 shows, all of the evaluation research papers were case studies. 33.3 % of 
these empirical papers were in relation to the DBE project, 11.1 % to other projects and 
55.6 % to  academia.  
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Three (ID D3, ID D18, ID D22) evaluation researches were funded by EU Digital 
Business Ecosystems financing. In the first evaluation research (see Table 12, ID D3) 
Whitley and Darking (2006, p. 178) define a digital business ecosystem (DBE) to be a 
concept, a European project and a technology. The project drew inspiration from the 
physical and biological concepts of self-organization and evolution to produce a 
distributed information infrastructure, a technological platform that facilitates flexible 
composition of software services. Whitley and Darking (2006) argue that even though 
the technological object (infrastructure) is approached from different perspectives there 
are similarities between thinking of Giborras and thinking of Law and Singleton.  

For integration these two perspectives, Whitley and Darking (2006) do an analysis of 
engagement practices in the Digital Business Ecosystem project. The analysis is based 
on participation in and observation of workshops and meetings, interviews of regional 
catalysts, and interviews of actual and potential service provider SMEs. By aligning of 
the work of Law and Singleton and the work of Giborra they identify a paradox in 
relation to the properties of invisible technology object (in this case a large information 
infrastructure) and a process of engagement. They emphasize that complex information 
infrastructure includes both minor changes undergoing and discontinuity undergoing 
properties and these have to be balanced by information system researchers to facilitate 
engagement. (Whitley & Darking, 2006.) 

The second evaluation research (see Table 12, ID D18) is established on the concept 
used in Digital Business Ecosystem project. Tsatsou, Elaluf-Calderwood and Liebenau 
(2010) argue that in order for digital business to develop among entrepreneurs in the EU 
and within different industry sectors and geographical locations, the interplay of 
regulatory and trust-based issues needs to be accommodated. They propose a taxonomy 
that addresses key regulatory issues and fosters trust in a digital business ecosystem by 
simplifying a bewildering array of laws, standards, norms and expectations, as well as 
eliminating a regulatory overlap and conflict. (Tsatsou et al., 2010.)  

For the research, it is made a preliminary survey to find out regulatory issues presented 
in the literature for the selection of the categories to be included in the taxonomy. Then 
the created taxonomy is validated and enriched through the analysis of interviews with 
the SME participants (which represented different regions and industry sectors) of the 
Digital Business Ecosystem project. (Tsatsou et al., 2010.) According to Tsatsou et al. 
(2010), the taxonomy should be regarded as a dynamic (continuously in an evolutionary 
way developing) knowledge base of regulatory issues for e-business in digital business 
ecosystems.  

In the third evaluation research (see Table 12, ID D22) established on the concept used 
in Digital Business Ecosystem project. De La Rosa et al. (2011) emphasize that as an 
essential element of business ecosystems is the negotiation of alliances, which enable 
companies to join competencies as well as services and products into a complex 
offering, and this should be possible also in the technological environment. They 
introduce a model (inspired by the Hogg model of computational ecologies) of multiple 
agents’ negotiation-style dynamics for the open source platform (open negotiation 
environment in the Digital Business Ecosystem project) where agents on behalf of 
SMEs, negotiate contracts, terms, and conditions for services. (De La Rosa et al., 2011.) 

For testing the model, De La Rosa et al. (2011) have implemented a new negotiation-
style recommender (NSR) system with a simulated-annealing algorithm at a constant 
temperature and applied it to the real case of open negotiation environment populated 
by Italian business ecosystem companies. Companies have used the NRS in tactical 
negotiation and agreement processes. De La Rosa et al. (2011) emphasize that the result 
of NRS is a recommender scheme that is conceptually simple yet powerful for large 
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populations (thousands or millions of agents) and it operates with low computational 
complexity.  

In the fourth evaluation research from Europe (see Table 12, ID D14), Raza et al. (2009) 
propose adoption of the digital business ecosystem model (of Digital Business 
Ecosystem project, with reference to Peltoniemi and Vuori). In this model the services 
of the ecosystem aid sharing of data around common processes (not only external 
enterprise level functions, such as supply chain management, but also manufacturing 
process). They stress that web services are increasingly linked to shop floor level 
devices and this adoption of technology presents a real opportunity for product lifecycle 
management (PLM) from start to finish (from process layout and design, process 
simulation and validation to manufacturing execution). (M. B. Raza et al., 2009.) 

Raza et al. (2009) utilize ontology creation, Semantic Web Services (SWS), run time 
system and previously developed Process Definition Editor (PDE, including web 
services for the management of an automated production line) tools in improvement of 
Product Lifecycle Management system for large-scale multinational manufacturing 
companies. Central to the work has been the creation of ontologies (to map the product 
design data form legacy systems) and addition of semantic web services to the PDE 
tools (to integrate created ontologies into the emerging digital business ecosystem 
architecture for greater levels of automation and interoperability with other processes). 
The initial tests of the DBE and simple SWS in the Ford production environment were 
carried out based on past data and lab models of lines in BDA (Business Driven 
Automation) -project. The promotion for the utilization of these tools is done with the 
notion that evaluation of the results of this case reveals that the new approach will 
reduce configuration times and emerging digital business ecosystem will evolve with 
the addition of new web services to the PDE tools to manage legacy design formats and 
to conduct operations with these tools. (M. B. Raza et al., 2009.) The further promotion 
to the utilization of these tools is done in the year 2012 in a solution proposal 
(NarayanaRao, 2012) (see Table 11, ID 30).  

At the same time in Asia in the fifth evaluation research (see Table 12, ID D15), Tan, 
Pan, Lu, and Huang (2009) conceive that digital business ecosystems may hold the key 
to attaining (richly connected hub) enterprise agility in the context of organizations 
operating in complex business networks. They utilize digital business ecosystem 
definition made by Iansiti and Levien (2004) in which it is seen as a specific type of 
business ecosystem; an IT-enabled business network of entities with differing interests 
bound together in a collective whole. They also utilize Moore’s (1996) perception of 
formation of co-evolving, symbiotic, self-reinforcing system of strategic contributions 
which is the result from increasing mutual interdependence and creates the conditions 
for collective actions that give rise to a symbiotic ecosystem. They propose a process 
model of how a digital business ecosystem (IT-artifact) may be developed and 
leveraged for enterprise agility. (Tan et al., 2009.) 

For the model Tan et al. (2009) have gathered data from both interviews with 
Alibaba.com digital business ecosystem stakeholders (middle and top management of 
Alibaba and its subsidiaries, suppliers, retailers, merchants and individual users) and 
supplement information sources (newspaper articles, books, internal publications, and 
information from the corporate website). In the organization and analysis of data, they 
have used a combination of strategies to distinct the phases (also with the use of open 
source platform) and to indicate the crucial drivers of digital business ecosystem 
development. The use of the process model is suggested for practitioners who are 
managing DBEs in the varying stages of development to be used as a detailed roadmap 
to identify the appropriate remedial actions to make the most of the efforts and 
resources invested in managing the DBE. (Tan et al., 2009.) 
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In Europe in the sixth evaluation research (see Table 12, ID D20) Selander, 
Henfridsson, and Svan (2010) point out that the traditional innovation logic is 
fundamentally reshaped by new technology generations, as business processes (cf. 
Pilinkienė & Mačiulis, 2014) become intertwined with surrounding innovation 
ecosystems. Selander et al. (2010, p. 2) refer to an ecosystem as a co-opetitive 
(simultaneous competitive and cooperative) technology environment in which symbiotic 
relationships (inter-firm linkages) are formed to create mutual value for its members. 
These relationships define the innovation space for the product and services of the 
enterprise.  

Based on the longitudinal study of Sony Ericsson from the mobile device industry 
Selander et al. (2010) propose an iterative process model of ecosystem relationships 
transformation. For the model analyzed data included secondary data from the ProQuest 
database and Sony Ericsson press releases, it was complemented with the interviews of 
the community manager and the partner program manager. The identified value 
competitions (periods of intensive co-opetition) and the meaning of open source were 
synthesized into a process model. The model explains how ecosystem relations are 
continuously transformed and how those transformations emerge from tensions and 
competing values among actors. According to Selander et al. (2010), the governance of 
ecosystem relationships may serve as the gateway to the future for product developing 
firms innovating with digital technology in different ecosystems.  

In the seventh evaluation research (see Table 12, ID 24), Mäkinen, Kanniainen, and 
Peltola (2011) refer to the digital business ecosystems of Google, Microsoft and 
Mozilla. They stress that despite of the notion that in many cases freely distributed beta 
products are essential building blocks of digital business ecosystems there is no 
information about the dynamics of their adoption in co-creation communities.  

Mäkinen et al. (2011) extent the traditional diffusion model of Bass based on analysis of 
the real data from the adoption of three different software products distributed in the co-
creation community. According to Mäkinen et al. (2011), the results point to that the 
beta producing company and its launch activities are important determinants of the 
adoption in the co-creation community.  

In the eight evaluation research (see Table 12, ID 34), Korpela, Kuusiholma, Taipale 
and Hallikas (2013, p. 3840) refer to the concept of digital business ecosystem in 
relation to the DBE project as “an interactive, self-organized software environment that 
is distributive in nature but presents a unified view of all the business entities”. They 
emphasize that in the literature there are very few methods to design and analyze a 
digital business ecosystem. They have chosen to use the Zachman Enterprise 
Architecture (ZF) as a basis to design a DBE integration framework with which the 
maturity of a business ecosystem can be estimated.  

Korpela et al. (2013) used literature review and theoretical sampling in selection of case 
organizations for focus group. The focus group members represented 2 focal firms, 7 
industry partners, 6 industry service partners, 4 financial service partners and 2 ICT 
service partners, and altogether 18 business managers. They all had responsibility to 
develop collaboration in a digital business ecosystem and business-to-business (B2B) 
integration in their organizations. Four focus group meetings were organized for the 
testing and development of the framework created based on the literature by utilizing a 
computer-aided groupware tool and using the Delphi method. According to Korpela et 
al. (2013), the framework helps to detect, inspect, and explore an enterprise as a part of 
digital business ecosystem. 
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In the ninth evaluation research (see Table 12, ID 38), Benghozi and Salvador (2014) 
refer to the concept of digital business ecosystem in EU to represent B2B interactivity 
supported by a software platform that is governed by a new community. They highlight 
differences between traditional industrial partnership and new industrial partnership in 
the form of business ecosystems or digital business ecosystems (Benghozi & Salvador, 
2014).  

For the research, Benghozi and Salvador (2014) used interviews with some selected 
case studies, and a questionnaire send in the year 2008 to Italian research SO founders 
(with and without traditional industrial partner). Based on linear regression analysis they 
propose explanations for the unexpected findings (apparently contradictory with the 
current literature), which show that traditional industrial partnerships play a limited role 
for SO growth and development. These partnerships provide capital and competencies, 
but their contributions are not translated into a superior performance and/or differences 
in company legal form, location, university and science park–incubator interest, 
presence of patents, industrial sector and product–service activity. They suggest that 
SOs should be encouraged to explore complementary solutions like the involvement in a 
set and network of industrial relations which may be interpreted as business ecosystems 
or digital business ecosystems and they introduce this new and complementary 
approach for studying and analyzing the role of alliances for research spin-offs (SO) 
(Benghozi & Salvador, 2014.) 

Before summing up the results in the following it is inspected the other part of empirical 
research, the validation research (see Table 13). 

Table 13. Empirical research (validation research) from the digital business ecosystem 
literature. 

Category Method Context Contribution Amount % Paper ID 

VR    7 17.9 D11, D12, D19, D23, 
D31, D33, D37  

       

 - simulation - DBE 
project 

- a model          
- a methodology 
- algorithms 

  D11 

 - simulation - DBE 
project 

- a modelling 
methodology 

  D12 

 - simulation - DBE 
project 

- a modelling 
tool 

  D19 

 - simulation - DBE 
project 

- a extended 
Chli-DeWilde 
definition  

  D23 

 - prototype - acade-
mia & 
industry 

- an encryption   D31 

 - software 
prototype 

- acade-
mia  

- a model and 
techniques 

  D33 

 - simulation - acade-
mia & 
industry 

- a model   D37 

Total    7 17.9 of all the papers 
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As Table 13 shows, 57.1 % of these empirical papers were in relation to the DBE 
project, 14.3 % to  academia and 28.6 % to academia-industry co-operation.  

The four following (ID D11, ID D12, ID D19, ID D23) validation researches were 
funded by EU Digital Business Ecosystems or EcoBusiness financing. In the first 
validation research (see Table 13, ID D11) Wang, De Wilde and Wang (2009) open up 
the work they promoted in the year 2008 (as an experience ID D9, see Table 11). Wang 
et al. (2009, p. 9548) define digital business ecosystem (DBE) to be “The enabling 
technology for the business ecosystem … a type of business middleware designed and 
built to be distributed across the Internet rather than to reside on any one computer. It 
provides an open-source distributed environment for small and medium enterprises 
(SMEs), producing entirely new behavior in software. Moreover, with the Internet 
acting as the platform, applications can work together to perform complex interactions 
whether they are centrally provided or peer-to-peer applications.”  

Wang et al. (2009) create a model and methodology of designing and analyzing the 
topology of complex and rapidly changing networks. In two coupled networks model 
the upper layer is a business network layer of SME ecosystem and the lower layer is 
P2P agent network layer of network services. Both of the networks are changing and 
interacting with each other over time. The model is based on scenario where SMEs are 
all clients of the systems on roles of providers or consumers of services. SME provider 
clients use the system to submit their services descriptions. The system server aggregate 
and recombine these services into service chains and form complex services. Based on 
feedback from users, successful service chains cross-over and mutate while useless 
service chains die.  

Wang et al. (2009) provide algorithms for multi-agent tasks negotiation and execution, 
interaction between agents and the underlying communication network and evolutionary 
network topology dynamics. They investigate the effects of different evolutionary 
principles inspired by random graph and scale-free network in complex network theory 
on the topological properties and performance of the underlying network through a 
comprehensive set of discrete event simulations. These reveal several rules to design a 
resilient and efficient P2P network. (Wang et al., 2009.) 

In the second validation research (see Table 13, ID D12) Petrou and Giannoutakis 
(2009, p. 1044) define digital business ecosystem to be “one type of complex system 
where interacting agents have to coexist by reaching a point of equilibrium”. They point 
out that some of the best studied complex systems are stellar systems (clusters of stars 
or clusters of galaxies) as gravitational theory allows modeling of such systems with 
high accuracy because the interacting agents interact with known forces. In question of 
social systems the situation is not the same because there is no established theory to 
model the way the various units interact.  

Petrou and Giannoutakis (2009) argue that, in cyberspace, trust is more important than 
in the real world because of the fundamental way by which reputation propagates. They 
propose a quantitative model of a digital business ecosystem by modeling the 
interactions between the various agents, from the point of view of a complex system of 
shared resources. They consider social aspects as important as purely economic aspects 
in interactions of various agents (buyer–seller relations) in a digital business ecosystem. 
They use the Langevin equation to minimize the cost function, and propose the use of 
the Weber–Fechner law to model human qualitative judgements of trust and mistrust. 
The use of the proposed model is demonstrated by using simulated data to emulate a 
real system. (Petrou & Giannoutakis, 2009.) 
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In the third validation research (see Table 13 ID D19) Lurgi and Estanyol (2010) have 
(as researchers from Australia) an impression that in digital ecosystems (as open, 
loosely coupled, self-organizing digital environments) the agents are proactive and 
responsive for their own benefit. Lurgi and Estanyol (2010, p. 213) define digital 
business ecosystems (DBEs) to be “A specific type of digital ecosystems used to 
implement and simulate business environments. … In which companies interact with 
each other in order to create new joint ventures”.  

Lurgi and Estanyol (2010) develop a modeling tool for creating and managing 
collaboration links in digital business ecosystems. They present a way of managing 
digital business ecosystem using this tool (that is a multi-agent based simulation 
environment), where the OpenKnowledge system is used the formalization and 
description of the interactions among the entities and interactions are based on 
protocols. The use of the tool is demonstrated by examples of simulation experiments 
with following notions: The tool facilitates the analysis of the resulting networks of 
interactions by employing a set of metrics that are commonly used for the study of 
complex systems in general and ecological networks in particular. Analyses performed 
using this simulation environment facilitate the management of the digital business 
ecosystem of small companies in an efficient manner by providing information about 
keystone companies and important connectivity patterns that are crucial for the 
maintenance of the other less connected enterprises that are also part of the business 
network. (Lurgi & Estanyol, 2010.)  

In the fourth validation research (see Table 13, ID D23) De Wilde has continued his 
work with Briscoe (2011) to report the work done in the construction of digital business 
ecosystem (DBE project). De Wilde and Briscoe (2011, p. 1149) define digital 
ecosystems to be “(distributed adaptive open socio-technical systems, with properties of 
self-organization, scalability, and sustainability, inspired by natural ecosystems) for 
conducting business that enable network-based economies, leveling the playing field for 
medium-sized enterprises (SMEs)”. They stress that this work forms the theoretical 
basis for the construction of digital business ecosystems by determining for multi-agent 
systems macroscopic variables that characterize their stability. It has to be 
acknowledged that this definition of digital ecosystem is made and presented previously 
to cover a digital business ecosystem that is applied from a digital ecosystem (Briscoe, 
2010, p 44) for enhancement of the further cross-disciplinary research and it is now set 
now to cover all digital ecosystems.  

For the determination, De Wilde and Briscoe (2011) extend the existing Chli–DeWilde 
definition of agent stability to include the dynamics of evolutionary computing, 
including population dynamics and macro-states of the population state space. They 
argue that the results from the simulation confirm that Chli–DeWilde stability was 
successfully extended to evolving agent populations and their definition for the degree 
of instability provides a macroscopic value to characterize the level of stability. Thus, 
extended Chli–DeWilde stability is a useful tool for analyzing and better understanding 
the stability of multi-agent systems.  

In the fifth validation research (see Table 13, ID D31) Stüker and Kerschbaum (2012) 
bring forth a solution that may lay the ground for an ecosystem of energy and related 
services in deregulated smart grids. The solution they present is an encryption solution 
(ciphertext-policy attribute-based encryption, CP-ABE) for a smart grid intermediary. A 
prototypical implementation of CP-ABE is argued to meet even restrictive requirements 
for large-scale data handling and processing. In addition it is stressed the limitation 
connected to the trust of the customer. (Strüker & Kerschbaum, 2012.) 
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In the sixth validation research (see Table 13, ID D33) Lu, Niu and Zhang (2013) 
remind that digital business ecosystems are already being developed and implemented 
in different fields, such as logistics and electricity markets. They stress that cognition 
orientation will be the central concern of future decision support systems (DSSs) in 
digital business ecosystems. Lu et al. (2013) propose a novel situation retrieval (SR) 
model and the corresponding supporting techniques for supporting cognition-driven 
decision processes in digital business ecosystems. The performances of the proposed 
techniques are evaluated through an implementation of the SR model in a software 
prototype.  

In the seventh validation research (see Table 13, ID D37) Isherwood and Coetzee 
(2014) continue the work on digital business ecosystems (proposed in ID 25, see Table 
11) and propose a multilevel trust and reputation model (TrusCV) to support collectivist 
digital business ecosystems for regions such as Africa, where collectivist culture norms 
and behaviors are common. Isherwood and Coetzee (2011, p. 1) have defined digital 
business ecosystem to be “decentralized environment where very small enterprises 
(VSEs) and small to medium sized enterprises (SMEs) interoperate by establishing 
collaborations with each other”. According to Isherwood and Coetzee (2014), a 
collectivist digital business ecosystem consists of a group of autonomous agents 
representing small businesses retailers, and medium sized enterprises such as suppliers. 
These agents follow a decentralized P2P approach where they each decide how to weigh 
ratings provided by other agents based on how much they are trusted, thereby ensuring 
personalized reputation. The recommendations from trusted sources are utilized in 
forming a partnership to prevent malicious peers being selected for transactions. 
Isherwood and Coetzee have evaluated TrusCV by using a simulation inn NetLogo and 
compared to the performance of PeerTrust model (developed 2004 by Xiong and Liu) in 
both an individualistic and collectivist scenario.  

As shown in Table 10, the most frequently applied research approach was evaluation 
research (23.1 % of all the papers). All the evaluation researchers (see Table 12) were 
case studies using multiple research methods. From the case studies 33.3 % were 
conducted in the context of the DBE project (in Europe). These cases contribute to the 
research by identifying a new challenge in the engagement process (related to the 
governance of the DBE) (ID D3), by testing a new taxonomy for further regulation 
purposes (ID D18), and by implementing and applying a new negotiation-style 
recommender (NSR) system (related to the stability of the DBE) based on created 
model (ID D22). One of the cases (11 %) was conducted in the context of BDA project 
(in Europe) contributing to the research by testing PDA tools (as an alternative 
technology) with the Ford Motor Company (ID D14) (the further promotion of these 
tools was done in the solution proposal ID D30).  

The rest of the cases were conducted in the context of academia (55.6 %) (see Table 
13). Two of these cases are influenced by the DBE project and they contribute to the 
research by testing a framework for the exploration of an enterprise as a part of digital 
business ecosystem (in Europe) (ID D34), and by the identification of the problem and 
challenge in the strategic partnerships with research spin-offs (in Europe) (ID D38). In 
the three other cases the other digital business ecosystems are considered (but especially 
Alibaba as a base for SMEs) and they contribute to the research by presenting new 
process models (in Europe, in Asia) (ID D15, ID D20), and by extending a diffusion 
model of Bass (in Europe) (ID D24).  

As shown in Table 10, the valuation research was used in 17.9 % of all the papers. From 
the valuation researches (see Table 13), 57.1 % were conducted in the context of the 
DBE project. These researches used modeling and simulations in the analysis of 
topology of rapidly changing complex networks (ID D11), in the analysis of the 
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performance of the simulation environment (ID D19), for the emulation of the way 
reputation propagates and shapes the stages of DBE (ID D12), and for the confirmation 
of the extended Chli-DeWilde stability (ID D23). They contributed to the research by 
presenting models, methodologies, tools and algorithms.  

As shown in Table 13, the rest valuation researches (42.9 %) were conducted either in 
the context of academia (14.3  %) or in the industry academia partnership (28.6 %). One 
of them was utilizing the proposed solution (ID D25) when using simulation for the 
comparison to other model and evaluation of different scenarios contributing to the 
research with a new model (ID D37). The two of validation researches produced a 
prototype. The other of them used it for the validation of an encryption solution (ID 
D31). The other used prototype for the validation of the model and techniques for 
supporting cognition-driven decision processes (ID D33).  

As shown in Table 11, the solution proposals were produced in the context of academia 
(81,8), the IMAGINE (Innovative end-to-end Management of Dynamic Manufacturing 
Networks) project or the PDE project. As the connections of produced solution 
proposals to the projects (ID D30) and the empirical research (ID D25) are already 
brought front, the focus is on the rest of them. Ontology engineering methodology (ID 
D8) and methodologies for risk reduction (ID D5, ID D6, ID D7) were suggested in 
relation to the provision of digital business ecosystem. Other solutions were proposed to 
be utilized in relation to digital business ecosystems. These were for the prediction of 
temporal exceptions in workflows (ID D13), for the extension of CNP-protocol (ID 
D17), for the creation of federative interoperability framework (ID D28), for the 
measurement of dynamic and stabilizing forces at present in the development of 
knowledge organization systems (ID D29), and for the enhancement of Unified Context 
Model (ID D36). 

These findings reveal the need for the clarification of the concept digital business 
ecosystem used in relation to both distributed and centralized digital business 
ecosystems. In addition, they reveal the need for empirical research to recognize and 
analyze different stages of development of these ecosystems as well as e.g. influence of 
Internet-based technology, role of alliances, role of regulation, and role of knowledge 
organization systems in the development of these ecosystems. As the cases of Digital 
business ecosystem –project and Alibaba.com show the identification and analyze of 
different stages of development of these ecosystems can reveal the affecting factors for 
the results and give information about the restricting factors for the further 
developments. 
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5. Discussion 

The purpose of this study was to find out the progress in the research of technology 
ecosystems and digital business ecosystems and to combine that information for 
business and research purposes by the utilization of information about business 
ecosystems. A method of mapping study was selected to structure the research areas for 
getting a broad overview over the two streams of research, and ascertain if empirical 
research exists.  

The main question presented was: How are technology ecosystems and digital business 
ecosystems for business perceived and approached in the literature? For getting the 
answer to this main question, the following three subquestions were set regarding both 
technology ecosystems for business and digital business ecosystems for business. RQ1: 
Which journals include papers on these ecosystems? RQ2: What are the most 
investigated topics and how have these changed over time? RQ3: What are the most 
frequently applied research approaches and methods, and in what study context? The 
purpose of these subquestions was to help in the identification of discussion forums, 
possible trends, and research clusters or gaps. 

In the next three chapters, the results of the systematic mapping studies of technology 
ecosystems and digital business ecosystems are considered in the light of prior 
literature. Based on revelations and information gained from the literature it is answered 
to the main research question. In the fourth chapter, the findings concerning digital 
business ecosystems are considered in the light of the related mapping study of software 
ecosystems. Finally, considerations of the use of systematic mapping study are brought 
forth.  

5.1 Technology ecosystem research for business 

In this chapter, it is answered to the other part of the main question. How are technology 
ecosystems for business approached in the literature? The answering is done through the 
answers to the subquestions and comparison the findings with the prior literature (taking 
into account only the articles published on publications evaluated in the Publication 
Forum to the levels between 1 to 3) as follows.  

For the identification of the forums for discussion, it was presented the subquestion  

RQ1: Which journals include papers on technology ecosystems? 

The studied slight literature on technology ecosystems was published in 11 papers on 10 
publications (as shown in Chapter 4.1.1 in Figure 6), on which 80 % were journals and 
20 % conference proceedings. From the publications, 60 % were basic level channels 
and 40 % were leading channels (according to classification of the expert panels of the 
Publication Forum, http://www.julkaisufoorumi.fi/en/evaluations at the time of this 
study). From the papers 36.4 % were published on the leading channels (Information 
Technology and Management, Decision Support Systems, Organization Science, and 
Technological Forecasting and Social Change). The most active channel was the 
Electronic Commerce Research and Applications where were also the latest published 
items. This journal focuses on electronic commerce. For the future research, the leading 

http://www.julkaisufoorumi.fi/en/evaluations
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channels and the most active channel are flagging the importance of e-commerce and e-
business related topics for technological forecasting and decision-making.   

When comparing the findings with the prior literature of technology ecosystems and 
technology ecosystems based business ecosystems it appears, that the prior literature 
(focused according to the Publication Forum classification at the time of this study) was 
published in four papers on three publications on which 100 % were journals. 66.4 % of 
the publications were basic level channels (Harvard Business Review, Canadian Journal 
of Administrative Sciences), and 33.3 % leading channels (Technovation). All these are 
pointing to the management.  

These findings support the notions, that the journals are the most important forum for 
the discussion. It is notable, that the top-level articles are still missing. The discussion is 
focused on business and technology management and it orientates itself towards e-
business, service orientation in decision-making and technological forecasting.  

For the identification of possible trends, it was presented the subquestion  

RQ2: What are the most investigated technology ecosystems topics and how 
have these changed over time? 

The topics discussed in the studied papers divide in a following manner (see Table 14).  

Table 14. Change of technology ecosystem topics over time (including the prior literature for 
comparison purposes). 

Topic ID / Author(s) Continent 

Launch of collaboration for creation of technology ecosystem T1 North 
America 

Identification of the health of technology ecosystem based 
business ecosystem and enterprises position in that ecosystem 
for strategy formulation 

Iansiti and 
Levien,  2004b  

North 
America 

Identification of technology ecosystem and both supply and 
demand side forces in its evolution 

 

T2, T4 

 

T9, T10 

North 
America 

Asia 

Health of technology ecosystem based business ecosystem T3 North 
America 

Governance of business ecosystem through architectural control 
of technology ecosystem 

Iyer and 
Davenport, 
2008  

North 
America 

Influence of developments in Internet-related technologies in 
transformation of technology ecosystem based business 
ecosystem 

 

T5 

 

Isckia, 2009 

Li, 2009 

North 
America 

Europe 

Asia 

Effects of service oriented thinking on information technology 
ecosystems, especially on decision support systems  

T6 North 
America 

Influence of  cultural factors to technology ecosystems T7 North 
America 

Governance of technology ecosystem  T8 Europe 

Technology-based market cooperation strategies for enterprise 
positioning in the business ecosystem 

T11 Europe 
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In the Table 14, the results are set in ascending order by time. To this Table 14, the prior 
literature included for comparison purposes without adding it to the figures of found 
literature. The prior literature is indicated by the use of author names as the literature 
studied has IDs. As the two groups of papers were considered as wholeness in this 
study, they are combined in this Table 14. 

As Table 14 shows, in the studied papers a common discussion about technology 
ecosystems (platforms in the core) based business ecosystems emerged in North 
America. Interest for the analysis of technology evolution in technology ecosystems (as 
the systems of interrelated technologies that influence each other’s evolution and 
development) emerged in North America (ID T2, ID T4), but moved into Asia (ID T9, 
ID T10) and Europe (ID T11) (45.5 % of the papers).  

In the studied papers, the most discussed topic (see Table 14) was the identification and 
analysis of the effects of both supply side forces and demand side forces (ID T2, IDT4, 
ID T9, ID T10) in the technology ecosystem evolution. In this discussion technology 
ecosystem was perceived to be a system of interrelated technologies that influence each 
other’s evolution and development. At the core of this system is a technology in the 
interest of the researcher. The former published papers emphasized the need to find out 
the patterns of technological evolution for forecasting and strategic purposes. The latter 
published papers fulfilled the picture by identifying the effects of stakeholder actions 
with the identified patterns and so the effects on the evolution of a technology 
ecosystem in relation to the transformation of the market. The trend of discussion is 
towards the clarification of dynamics between technology evolution and transformation 
of the market (for which also the second most discussed topic sheds some light).  

The second most discussed topic was the need to take into account Internet-related 
trends (e.g. the deployment of middleware platforms, service oriented thinking) (ID T3, 
ID T5) in the analysis of the wide IT technology ecosystem in the interest of the 
analysts. In this discussion, the technology ecosystem was perceived to be large and 
drive the delivery of IT products and services in the country. In the critical role in this 
ecosystem have seemed to be platforms, their emergence and their development due 
development of technologies. The technology ecosystem was considered as a business 
ecosystem and analyzed from the viewpoints of value creation, health (as an indicator 
for its possibilities to create innovations cf. Iansiti & Levien, 2004a), and 
transformation. In connection with this topic it is also indicated the need to develop 
decision support systems according to the trend of service-oriented thinking (ID T6).  

As Table 14 shows, taking into account the prior literature from the viewpoint of the 
most discussed topics the following topics emerge that support the other findings. 
Developments in Internet-related technologies influencing the transformation (Isckia, 
2009, ID T5; Li, 2009) and the governance (Iyer & Davenport, 2008, ID T8) of 
technology ecosystems. In the prior literature papers from North America, Europe and 
Asia, the focus is on the platform based business ecosystem. For the discussion (Isckia, 
2009; Iyer & Davenport, 2008; Li, 2009) proceedings both from the technology (e.g. 
middleware, open standards) and from the business perspective (e.g. some distinctions 
between business ecosystems and business networks, the development stages of the 
ecosystem, characteristics of the business ecosystem) are brought forth. As they reveal 
some effects of the development of Internet-related technologies to different ecosystems 
and to some extent to their co-operation with other ecosystems, they support the 
findings about the need to take service-orientation in the decision-making into account 
on the development of decision support systems (ID T6) for these ecosystems.   
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For the identification of the emphasized research approaches which could lead to the 
identification of possible clusters or gaps it was presented the subquestion  

RQ3: What are the most frequently applied research approaches and methods, 
and in what study context? 

The applied research approaches used in 11 papers studied divided in a following 
manner (see Table 15). To this Table 15 it is included also a prior literature for 
comparison purposes without adding it to the figures of found literature. The prior 
literature is indicated by using author names as the literature studied has IDs. 

Table 15. Types of research from the technology ecosystem literature (including prior literature 
for comparison purposes). 

Category Amount % Paper ID / Author(s) Amount 
of prior 
literature 

Evaluation research  1 9.1 T8,                                          Li, 2009 1 

Validation research 3 27.3 T9, T10, T11  

Solution proposal 2 18.2 T2, T4  

Philosophical papers 2 18.2 T3, T6          Iansiti and Levien, 
2004b 

1 

Opinion papers 2 18.2 T5, T7         Iyer and Davenport, 2008 1 

Experience papers 1 9.0 T1,                                    Isckia, 2009 1 

Total 11 100.0  4 

 

As Table 15 shows, the most frequently applied research approach among the papers 
studied was validation research (27.3 % of the papers). Only one paper (9.1 %) presents 
the other empirical research approach, the evaluation research. The rest of the papers 
were either presenting solutions (a model and a process with tools) (18.2 %), 
frameworks (18.2 %), opinions (18.2 %), or experiences (9 %). In the prior literature, 
there is only one empirical research to take into account for comparison (no valuation 
research or solution proposals to be considered in the further exploration).  

In the following, the focus is on the empirical research papers (36.4 % of the studied 
papers) (in which the method used was included in evaluation criterion), and solution 
proposals which can identify the direction to becoming empirical research (see Table 
16). To Table 16 it is included also the only empirical research (Li, 2009) from the prior 
literature (for comparison purposes without adding it to the figures of found literature). 
The prior literature is pointed out by author names as the literature studied has IDs. 

As shown in the following Table 16, all the empirical research papers were presented by 
academia. From the most used research approach, two valuation researches (50 % of the 
empirical research papers) were using modelling and one (25 %) was using multi-case 
study. The only evaluation research (25 %) was using case study. The evaluation 
research presented by academia from the prior literature is using case study. 
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Table 16. Empirical research from technology ecosystem literature (with a finding from the 
prior literature). 

Category Method  Context Contribution Amount % Paper ID 

ER  - a case study, 
text mining 

- academia 

Cisco 
ecosystem 

 

 - use of mergers 
and acquisitions (as 
a tool) in the 
development of 
platform and 
generation of 
business ecosystem  
for growth 
opportunities 

  Li, 2009 

ER    1 9.1 T8 

 - a case study, 
theoretical 
sampling 

- academia  

ERP 
ecosystem 

 

- identification of 
conditions for 
paradoxical 
tensions in relation 
to governance 
mechanisms 

  T8 

VR    3 27.3 T9, T10, 
T11 

 - modelling - academia 

high 
frequency 
trading 
ecosystem 

- an extended model   T9 

 - modelling - academia 

mobile 
payments 
technology 
ecosystem 

- an extended model   T10 

 - a case study-
related pattern-
matching  

- academia 

mobile 
payments 
ecosystem 

- a framework   T11 

Total    4 36.4 of all the 

papers 

 

The first two of the validation researches (ID T9, ID T10) (see Table 16) from Asia 
utilized the presented solution proposals (ID T2, ID T4) form North America (see Table 
15) in a new extended model. This new model contributed to research by including in a 
stakeholder analysis for the identification of possible patterns involved in the 
technology evolution and transformation of the market. The validation of this new 
model was performed by modelling of high frequency trading and mobile payments 
technology ecosystems. The third validation research (ID T11) (see Table 16) from 
Europe contributed to research with a framework for the inspection of technology-based 
market co-operation strategies and for bringing up the dynamics of the certain 
ecosystem in general. The validation of this new framework was conducted by using a 
case study-related pattern-matching technique based on three existing case studies from 
the mobile payments ecosystem for the validation of the new framework. 

As shown in Table 16, the only evaluation research (ID T8) from Europe was using a 
case study of ERP ecosystem (which software core is open source). This evaluation 
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research was using theoretical sampling in identifying conditions for paradoxical 
tensions in the governance of the technology ecosystem. It contributed to research by 
increasing understanding about the dynamics, which affect the governance of 
technology ecosystems. Together with the evaluation research from Asia from the prior 
literature (see Table 16), it contributed to the understanding about the platform 
strategies and use of governance mechanisms. The latter (Li, 2009) was using text 
mining for the analysis of the Cisco ecosystem. It identified tree characteristic of a 
business ecosystem (symbiosis, platform and co-evolution), that can be used in analysis 
of growth opportunities. It brought forth the use of mergers and acquisitions as a tool for 
the development of the platform core and regeneration of the business ecosystem for the 
enhancement of growth opportunities.  

Altogether, the findings from the studied literature reveal that there are three different 
views to the technology ecosystems in the discussion (ID T4, ID T3, ID T8), for which 
the main forum is journals. The overall discussion is focused on business and 
technology management and it orientates itself towards e-business, service orientation 
in decision making and technological forecasting. It is notable, that the top-level articles 
are still missing.  

There are three strands of discussion, among which the trend is towards the clarification 
of dynamics between the technology evolution and transformation of the market. The 
one strand (with none empirical research) is focused on examining an industry-wide 
technology ecosystem as a business ecosystem from the viewpoint of its health (as an 
indicator for possibilities to create innovations) and transformation (as a result of 
Internet-related trends) (ID T3, ID T5). The second strand is focused on the governance 
issues of platforms (as technology ecosystems), the most critical part of larger 
technology ecosystems. From the empirical (ID D8, Li, 2009) and the non-empirical 
(Isckia, 2009; Iyer & Davenport, 2008) research of this strand, the influence of Internet-
related trends can be traced to both technology (e.g. middleware, open standards) and 
business (e.g. some distinctions between business ecosystems and business networks, 
the development stages of the ecosystem, characteristics of the business ecosystem) 
perspectives. The third one (with three valuation researches) is focused on finding out 
the patterns of evolution of technology ecosystem (as a system of interrelated 
technologies in the interest of analyst, which in these cases are related to financial 
services) and the transformation of related markets for forecasting and strategic 
purposes (ID T2, ID T4, ID T9, ID T10). As they reveal some effects of the 
development of Internet-related technologies, they support the findings about the need 
to take into account service-orientation in decision-making (e.g. on the development of 
decision support systems, ID T6) and orientation towards forecasting.    

From the strands of the studied literature, the two latest are in direct relation to found 
scarce empirical research (on which the other one utilizes the found solution proposals) 
conducted in Asia and in Europe. The only evaluation research (ID T8) uses theoretical 
sampling in the case study of ERP ecosystem in the context of academia and contributes 
to the research with the identification of conditions for paradoxical tensions in relation 
to governance mechanisms. This view is enhanced with the only evaluation research 
from prior literature on which the platform is perceived as a business ecosystem. This 
evaluation research (Li, 2009) uses text-mining in the case study of Cisco in the context 
of academia and contributes to the research with the use of mergers and acquisitions as 
a tool for the development of the platform core and regeneration of the business 
ecosystem for the enhancement of growth opportunities. Together these researches 
contribute to the understanding about the platform strategies and use of governance 
mechanisms both to technology and to business.  
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Two of valuation researches (ID T9, ID T10) start the visualization approach and use 
modeling in the context of academia and they contribute to the research with the 
validated extended technology ecosystem paths of influence model. The third validation 
(ID T11) research continues to open a new view to analyze ecosystems on three 
different levels by combining a technology ecosystem view (used in other validation 
researches) with business ecosystem view (used in the visualization of these 
ecosystems). This research uses a case study-related pattern-matching and contributes to 
the research with a validated mobile payment market co-operation framework.  

Based on the leading channels and latest published items there is a need for more 
discussion, which takes into account developments in e-commerce, e-business, decision-
making and technological forecasting. As an influence of Internet-related trends there is 
a need for the discussion and development of business analytics for the support of 
decision making processes in the era of service orientation. Based on the existing 
empirical research there is a clear need for more empirical research from two 
viewpoints. On the one hand, there is a need from the viewpoint of platform strategies 
(including the role of open source) and governance mechanisms. On the other hand, 
there is a need from the viewpoint of identification of dynamics of technology evolution 
and transformation of the market. It is important to find out how these complex systems 
evolve due to the technological development and stakeholders actions and how they can 
be analyzed both from the technology and business perspectives. For that, the use of 
new presented tools can be utilized, and so further evaluated.  

5.2 Digital business ecosystem research for business 

In this chapter, it is answered to the other part of the main question. How are digital 
business ecosystems approached in the literature? As for comparison purposes no 
additional papers from the prior research (presented in levels 1 to 3 in the Publication 
Forum) exist, the answering is done through the answers to the subquestions based on 
the findings of the mapping study as follows.  

For the identification of the forums for discussion, it was presented the subquestion  

RQ1: Which journals include papers on digital business ecosystems? 

The literature on digital business ecosystems was published in 39 papers on 26 
publications (as shown in Chapter 4.2.1 in Figure 8), on which 42.3 % were journals 
and 57.7 % conference proceedings. At the time of the study (according to the 
classification of the expert panels of the Publication Forum) 73.1 % of the publications 
were basic level channels, 19.2 % were leading channels and 7.7 % were top channels. 
20.5 % on papers were published on the leading channels (Data and Knowledge 
Engineering, Communications of the ACM, IEEE Transactions on Systems, Man, and 
Cybernetics Part A: Systems and Humans, International Conference on Information 
Systems, Computers in Industry) and 10.3 % on the top channels (Journal of 
Information Technology, IEEE Transactions on Industrial Electronics).  

The most active channel from the conferences with six papers of the studied literature 
was in the IS literature Proceedings of the International Conference on Management of 
computational and collective IntElligence in Digital EcoSystems (MEDES, previously 
named the International Conference on Management of Emergent Digital EcoSystems). 
Together with leading and top IS channels MEDES flags of the importance of digital 
viewpoints for the future research. From the other channels in the business literature, the 
Journal of Economic Issues, Entrepreneurship and regional development as well as in 
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social and behavioural literature, the Procedia flag for the importance of larger 
economic and social viewpoints for the future research.  

The findings present that the conferences are the most important forum for the 
discussion. Albeit most of the discussion is on the basic level channels, some top-level 
articles already exist. The discussion is focused on management and orientates itself 
besides digital viewpoints towards social and economic viewpoints 

For the identification of possible trends, it was presented the subquestion  

RQ2: What are the most investigated digital business ecosystems topics and 
how have these changed over time? 

As shown in Chapter 4.2.2 in Tables 8 and 9, because of the roots of digital business 
ecosystems, the discussion about them has been in focus mainly in Europe (71.8 % of 
the papers) and especially in the Digital Business Ecosystem project (33.3 % of the 
papers). Interest for digital business ecosystems has emerged concurrently with DBE 
project in Australia (total amount of papers 12.8) and Asia (total amount of papers 7.7 
%), and after the closing of the DBE project also in Africa (5.1 % of the papers) and 
North America (2.6 % of the papers).  

The most discussed topics have emerged concurrently with discussions in relation to the 
formation and provision of the digital business ecosystem of the DBE project in Europe. 
In Europe in relation to the DBE project the topics have started with discussions about 
the governance and sustainability of the new distributed open source based 
technological infrastructure (in the formation phase) (ID D2, ID D3, ID D4, ID D10) 
(10.3 % of the papers). They have moved on to the discussions about the simulation, 
analysis and design (ID D9, ID D11, ID D12, ID D19) (10.3 % of the papers), to the 
stability of this new software environment (ID D22, ID D23) (5.1 %). Moreover they 
have covered the need to help the progress of the modelling of business (ID 1) (2.6 %), 
the progress of regulation in EU (ID 18) (2.5 %) and the progress of cross-disciplinary 
collaboration in the research emphasizing the digital business ecosystem as technology 
aiming to extend the existing SOA concept (ID D21) (2.5 %). The trend of discussion is 
towards simulation, analysis and further development of these ecosystems.   

In Australia, the most discussed topics have been in relation to the reduction of risk in 
the interactions (including transactions in the formation phase) in digital business 
ecosystems (ID D5, ID D6, ID D7, ID D17) (10.3 % of the papers). In Europe (outside 
the DBE project) and in Asia, they have been in relation to alternative technologies and 
methodologies for a provision of a digital business ecosystem (ID D8, ID D14, ID D16, 
ID D13, ID D30) (12.8 % of the papers). The rest of the papers (43.6 %) have covered 
several different topics bringing forth e.g. the process model for for-profit digital 
business ecosystems based on the analysis of the already developed digital business 
ecosystem for SMEs (Alibaba.com with its experiences to use an open-source platform, 
ID D15). 

These findings indicate that the experiences and discoveries for further developments 
are shared with the academic world for the enhancements of cross-disciplinary co-
operation. The example of the DBE project has inspired (e.g. based on the development 
of Internet related technologies) to parallel suggestions for provision and provision 
phases. It is used as a model for more developed versions for developing markets.  
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For the identification of the emphasized research approaches which could lead to the 
identification of possible clusters or gaps, it was presented the subquestion  

RQ3: What are the most frequently applied research approaches and methods, 
and in what study context? 

As shown in Chapter 4.2.3 in Table 10, the applied research approaches used in the 
studied 39 papers divided in the following manner. The most frequently applied 
research approaches were evaluation research (23.1 % of the papers), validation 
research (17.9 % of the papers), and solution proposals (28.2 % of the papers). The rest 
of the papers were philosophical papers (12.8 %), opinion papers (7.7 %) and 
experience papers (10.3 %).   

As shown in Chapter 4.2.3 in Tables 11, 12 and 13, altogether 33.3 % (13 papers) of the 
papers were in relation to the DBE project, 10.3 % (4 papers) to the other projects, 48.7 
% (19 papers) to the academia, 5.1 % (2 papers) to the academia-industry co-operation, 
and 2.6 % (1 paper) to the organization.  

In the following, the focus is on the empirical research papers (41.0 % of the studied 
papers) (in which the method used was included in evaluation criterion), and solution 
proposals (28.2 %) which together can identify the direction to becoming empirical 
research.  

As shown in Chapter 4.2.3 in Table 12, all the evaluation researchers were case studies 
in relation to which multiple methods were used. From the case studies 33.3 % were 
conducted in the context of the DBE project (in Europe). These cases contributed to the 
research by identifying a new challenge in the engagement process (related to the 
governance of the DBE) (ID D3), by testing a new taxonomy for further regulation 
purposes (ID D18), and by implementing and applying a new negotiation-style 
recommender (NSR) system based on the created model (related to the stability of the 
DBE)  (ID D22).  

In relation to the other contexts, one evaluation research (11 %) was conducted in the 
context of BDA project (in Europe). It contributed to the research by testing PDA tools 
(as an alternative technology) with the Ford Motor Company (ID D14). The use of these 
tools was promoted later in the solution proposal (ID D30). The rest of the cases (55.6 
%) were conducted in the context of academia (either in Europe ID D15, ID D24, ID 
D34, ID D38 or in Asia ID D20). They contributed to research by testing a framework 
for the exploration of an enterprise as a part of digital business ecosystem (ID D34), and 
by the identification of challenge in the strategic partnerships with spin-offs (ID D38) 
either by utilizing the concept or the model of the DBE project. The rest contributed to 
the research by presenting new process models (ID D15 the case of Alibaba, ID 20 the 
case of Sony Ericsson), and by extending a diffusion model of Bass (ID D24 the case of 
co-creation community). These cases seemed to be in relation to centralized digital 
business ecosystems, which are utilizing open source in the transformation of the 
business ecosystem.  

As shown in Chapter 4.2.3 in Table 13, 57.1 % of the valuation researches were 
conducted in the context of the DBE project. These researches were using modelling 
and simulations in the analysis of typology of rapidly changing complex networks (ID 
D11), in the analysis of the performance of the simulation environment (ID D19), for 
the emulation of the way reputation propagates and shapes the stages of digital business 
ecosystem (ID D12), and for the confirmation of the extended Chli-DeWilde stability 
(ID D23). They contributed to the research by presenting models, methodologies, tools 
and algorithms.  
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The rest valuation researches (42.9 %) were conducted either in the context of academia 
or in the industry academia partnership. One of them (ID D37) contributed to the 
research with a new model. It utilized the proposed solution (ID D25) in the simulation 
conducted for the comparison of proposed model and other already existing model in 
the evaluation of different scenarios. Two of validation researches contributed to the 
research with a prototype. The one was used for the validation of an encryption solution 
(ID D31) and another was used for the validation of the model and techniques for 
supporting cognition-driven decision processes (ID D33).  

The rest of solution proposals (not in relation to found empirical research) were 
produced in the contexts of academia or the IMAGINE project. They were suggesting 
ontology-engineering methodology (ID D8), and methodologies for risk reduction (ID 
D5, ID 6, ID D7) in relation to the provision of digital business ecosystems. They were 
also proposing solutions to following purposes: for the prediction of temporal 
exceptions in workflows (ID D13), for the extension of the CNP-protocol (ID D17), for 
the measurement of dynamic and stabilizing forces in the development of knowledge 
organization systems (ID D29), for the creation of a federative interoperability 
framework for the European aerospace community (ID D28), and for the enhancement 
of the Unified Context Model (ID D36). 

Altogether, the findings from the studied literature reveal that depending mainly on the 
context there are different perceptions to digital business ecosystems. The main forum 
for sharing these perceptions are conferences. The discussion is focused on management 
of emerging ecosystems and it orientates itself besides digital viewpoints towards social 
and economic viewpoints. It is notable that some top-level articles already exist.  

The most discussed topics are in relation to the digital business ecosystem of the DBE –
project (e.g. ID D2, ID D3, ID D4, ID D10, ID D9, ID D11, ID D12, ID D19, ID D22, 
ID D23). The experiences and discoveries for further developments are shared with the 
academic world. The example of the DBE –project has inspired to parallel suggestions 
for the formation and provision of digital business ecosystems. Outside the DBE –
project the most discussed topics are in relation to the reduction of risk in interactions 
(ID D5, ID D6, ID D7, ID D17) or to alternative technologies and methodologies (ID 
D8, ID D14, ID D16, ID D13). The comparison of the use of alternative solutions and 
the experiences of the DBE project would support further provision and deployment 
work of these kinds of ecosystems.  

From empirical research 43.7 % is conducted in relation to the DBE –project (ID D3, ID 
D11, ID D12, ID D18, ID D19, ID D22, ID D23), and 56.3 % in relation to several 
contexts (ID D14, ID D15, ID D20, ID D24, ID D31, ID D33, ID D34, ID D37, ID 
D38). The plurality of empirical research reveals together with the previous findings the 
need for further clarification of the concept digital business ecosystem used in relation 
to both decentralized and centralized digital business ecosystems.  

All the solutions (ID D5, ID D6, ID D7, ID D8, ID D13, ID D17, ID D25, ID D28, ID 
D29, ID D30, ID D36) are proposed outside of the DBE –project. Even though the 
middleware infrastructure was meant to mobilize knowledge “production”, maximise 
the reuse of models, and reduce the costs of ICT adoption (Corallo & Cisternino, 2007; 
Nachira et al., 2007), the only paper regarding these topics is in relation to the main 
characteristics of the computation independent business modelling language framework 
for the DBE -project (ID D1). There is a need for the empirical research of these topics, 
which is shown also in a solution proposal from the year 2012 (ID D28)  

Altogether, the findings reveal the need for empirical research for identification and 
analysis of different stages of development of digital business ecosystems (e.g. in 



61 

 

different cultural contexts cf. ID D37). In relation to the development topics like an 
influence of Internet-related and based technology (e.g. for modelling, interoperability, 
trust, security), a role of alliances, a role of open source and communities, a role of 
regulation, and a role of knowledge organization systems could be in focus. As the cases 
of DBE –project and Alibaba.com show the identification and analyze of different 
stages of development of these ecosystems can reveal the affecting factors for the 
results and give information about the restricting factors for the further developments. 

5.3 Technology ecosystems and digital business ecosystems for 
business 

From the basis of the studied literature and the prior literature it is answered to the main 
question  

How are technology ecosystems and digital business ecosystems for business 
perceived in the literature?  

At first, it has to be acknowledged that Iansiti and Levien themselves do not use the 
concept technology ecosystem, but they (2004b, p. 70-71) clarify the concept of a 
business ecosystem in a following manner: 

 “Your own business ecosystem includes companies to which you outsource 
business functions, institutions that provide you with financing, firms that 
provide the technology needed to carry on your business, and makers of 
complementary products that are used in conjunction with your own. It even 
includes competitors and customers, when their actions and feedback affect 
the development of your own products or processes. The ecosystem also 
comprises entities like regulatory agencies and media outlets that can have a 
less immediate, but just as powerful, effect on your business. Drawing the 
precise boundaries of an ecosystem is an impossible and, in any case, 
academic exercise. Rather you should try to systematically identify the 
organizations with which your future is most closely inertwiened and 
determine the dependencies that are most critical your business.”   

Based on these roots most of the literature studies a technology ecosystem as a business 
ecosystem coordinated by an important hub (node that is highly connected to other node 
organizations). This literature concentrates itself on the so-called keystone organizations 
and their main technological decisions, which influence the business relationships and 
transformation of the business ecosystem. To the side of this literature it is literature 
where the starting point is the technology in the focus of the analyst. In the following, 
the viewpoints to the technology ecosystems are clarified.  

In the literature used in this study, technology ecosystems are perceived from three 
viewpoints (see Figure 10). As emphasized in the following Figure 10, at first 
technology ecosystems (in this case IT ecosystem) are perceived as a large network of 
organizations driving the delivery of IT products and services (ID T3) and influencing 
their value in an economic region. Software platforms perform a particularly critical 
role as they provide the tools and building blocks that enable other organizations to 
build useful functionality more efficiently, and effectively connect different 
technologies, products, and services to each other (ID T5). The emergence of 
middleware platforms and developments in open source software implies that these 
ecosystems are increasingly open and competitive as a growing number of application 
providers are supporting multiple platforms (ID T3). The important Internet-related 
trends (Internet-centric application, platforms, and business models) have to be taken 
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into account in relation to the transformation of the business ecosystem when 
positioning a company in it (ID T5).  

Business ecosystem    

- large: constitutes from 
enterprises and other 
stakeholders having an 
interest to shared techno-
logy platform(s) for value 
creation and growth  

- platform providers 
perform a critical role as 
they as keystones take care 
of healthiness of the 
business ecosystem  

- focus in critical part: the 
development of the 
platform and hence re-
generation of the business 
ecosystem through 
systematic co-operation 
and co-evolution is 
orchestrated by the owner 
of the platform core(s)  

 

 

 

 

 

- transformation of the 
business ecosystem which 
creates mutual value for its 
members is emergent 
result of co-opetition and 
so it is influenced by the 
strategic decisions of all  
the members of  the 
business ecosystem  

- business and technology 
strategies are inseparable 

  

- outside the Europe the 
business ecosystems are 
seen to be large value 
networks of suppliers 
where at centre are pre-
dominant number of large 
enterprises (keystones), 
the other enterprises are 
dependent of the health of 
those large ones 

- in the Europe the business 
ecosystems are seen to be 
comprised mainly from 
SMEs, its transformation 
is result of co-evolution of 
local business ecosystems 
and their common 
technological base 

 

Technology ecosystem 

- large: constitutes from 
enterprises that drive the 
delivery of technology 
products and services, and 
influence the value of 
them  

- open and competitive 
because of middlewares 
and growing number of 
application providers who 
are supporting multiple 
platforms 

- focus in  critical part: 
platform should perform 
an important function 
within a “system of use” 
or solve an important 
technical problem within 
an industry  

- should be easy to connect 
to or build on the core 
solution in order to expand 
the system of use and 
allow new and even 
unanticipated end uses 

- as a system of interrelated 
technologies that influence 
each other’s evolution and 
development 

Digital ecosystem 

- developments in Internet-
related technologies create 
opportunities both compe-
tetion and collaboration 
among ecosystems 

- set of technologies related 
to one another through 
some functionality or 
services, incorporating 
various stakeholders such 
as customers, financial 
firms, or regulators 

- infrastructure technologies 
work in concert with 
services role technologies 
to increase the value 
available to investors and 
other stakeholders in the 
overall services platform 

- is based on digital 
technologies and have 
strong connection to 
mobile technologies 

- A co-opetitive technology 
environment in which 
symbiotic relationships 
(inter-firm linkages) are 
formed to create mutual 
value for its members”   

Digital business ecosystem 

- outside the Europe as 
centralized for-profit 
middleware  platforms for 
business, from which the 
other enterprises are 
dependent on 

- these platforms include a 
single point of failure or 
control 

- in the Europe as non-
proprietary, open source 
based, distributed, public 
middleware platform for 
the use of SMEs  

- distributed adaptive open 
socio-technical systems, 
with properties of self-
organization, scalability, 
and sustainability, inspired 
by natural ecosystems) for 
conducting business that 
enable network-based 
economies, leveling the 
playing field for medium-
sized enterprises (SMEs) 

 

 

   
 

Figure 10. How the business ecosystems, technology ecosystems (and as a part of them digital 
ecosystems) and digital business ecosystems are perceived in the literature. 
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Secondly (see Figure 10), technology ecosystem is perceived as a platform (the most 
critical part of a larger ecosystem), which core components are made by the platform 
owner and complementary components are made by autonomous companies on the 
periphery (ID T8). The core is owned by a highly interconnected keystone of a business 
ecosystem (Iansiti & Levien, 2004b), which orchestrates the development of the 
platform core and regeneration of the business ecosystem (Li, 2009).  

In the literature two empirical research (ID T8) (Li, 2009) are found to contribute to the 
understanding about platform strategies and to the use of governance mechanisms. In 
the studied literature (ID T8) the two characteristics of a platform are emphasized. The 
first one is that it should perform an important function within a “system of use” or 
solve an important technical problem within an industry. The second is that it should be 
easy to connect to or build on the core solution in order to expand the system of use and 
allow new and even unanticipated end uses. From the business point of view, the 
product of the core firm has important, but limited value when used alone, when used 
with complementary components the value increases substantially. This is in line with 
the prior literature where (Iansiti & Levien, 2004a) highlight that the problem-solving 
focus should be the primary initial function of a platform that forms a basis of a 
keystone strategy, and should remain a guiding principle in platform design and 
evolution.  

The found evaluation research (ID T8) contributes to the literature by the identification 
of conditions for paradoxical tensions in relation to used platform governance 
mechanisms. The other evaluation research (Li, 2009) found in the prior literature fulfils 
the picture. It identifies and emphasizes the tree characteristics of a business ecosystem 
(symbiosis, platform and co-evolution), that can be used in analysis of growth 
opportunities and tools used for the development of the platform core to support other 
members in their efforts to enhance their performances and to support the regeneration 
of the business ecosystem. It highlights that a business ecosystem transfers the business 
strategies from a single co-work to synergic and systematic cooperation (this symbiosis 
is the first characteristic), from product competition to platform competition (the second 
characteristic), and from single growth to growing together along the technological 
roadmap (this co-evolution is the third characteristic). However, it has to be 
acknowledged that the prior literature reveals some collaboration between different 
ecosystems, due to the core capabilities of the Internet-centric platforms (e.g. new 
operating system, new web services) (Isckia, 2009; Iyer & Davenport, 2008).  

The third viewpoint (see Figure 10) changes the focus from organizations to 
technologies. It perceives a technology ecosystem as a system of interrelated 
technologies that influence each other’s evolution and development (ID T4). This 
perspective is developed based on the need to recognize the organic nature of 
technological development and to develop new analytical methods for forecasting 
purposes. A dynamic interconnection of different technology systems is taken into 
account and it is proposed that the evolution of interrelated technologies in interest can 
be analyzed by utilizing the technology ecosystem model of technology evolution (ID 
T4).  

In the literature three valuation research are found in connection with the third 
viewpoint. Two valuation researches (ID T9, ID T10) further develop the definition of a 
technology ecosystem to be a set of technologies related to one another through some 
functionality or services, incorporating various stakeholders such as customers, 
financial firms, or regulators. Identification of technology ecosystem and modelling of 
its evolution with stakeholders actions is done by using the extended technology 
ecosystem path of influence model that includes in stakeholder analysis. In this 
extended model, technology has three updated roles as components, technology-based 



64 

 

services, and business infrastructure. It is brought forth that business infrastructure 
technologies work in concert with services role technologies to increase the value 
available to investors and other stakeholders in the overall services platform. This 
perception of a technology ecosystem includes possible patterns both from the supply 
side (introduction, development, diffusion of new technologies) and form the demand 
side (direction, speed, outcomes of technology innovations) that are at present in the 
evolution of the technology in focus and transformation of the market. 

The proceedings in the visualization of technological evolution and proceedings in the 
visualization of interfirm relations (of nearly 7000 global companies as business 
ecosystem, Basole 2009 cf. ID D33) and the activity in shaping one of them (ID D20) 
are taken into account in the third valuation research (ID T11). It perceives digital 
(technology) ecosystem as an ecosystem in which business and technology strategies 
are inseparable. The four features of these ecosystems are emphasized. First, an 
ecosystem is characterized by so-called co-opetition (simultaneous competition and 
cooperation). Second, a key success factor for a prosperous ecosystem is the 
relationships among the stakeholders in the ecosystem (e.g. stakeholders in the 
ecosystem that control important resources can exercise power over other stakeholders). 
Third, ecosystems have observable differences (as e.g. certain stakeholders can have 
closer relations than other stakeholders). The fourth typical characteristic of ecosystems 
is that they are not stable, but are constantly evolving. Given the co-opetitive nature of 
the relationships among ecosystem stakeholders, the changes respond to the need to 
capture business value in a way that nurtures the value appropriation capabilities of 
other stakeholders in the ecosystem. As business and technology strategies are seen 
inseparable, this enables inspection of affecting technology-based market co-operation 
strategies in the evolution of an ecosystem by using the provided multi-level 
framework.   

In the literature of digital business ecosystems (which appears concurrently with the 
literature of technology ecosystems) the fusion-relation of digital technology and 
business ecosystems is a starting point for development work in Europe. For this 
development (that is implemented mainly in the Digital business ecosystem project), it 
is recognized that in the North America at the centre of large value networks of 
suppliers are a predominant number of large enterprises which Iansiti and Levien 
(2004a) call hubs (keystones) and the other enterprises are dependent of the health of 
those large enterprises. As the economic structure in Europe is different, composing 
mainly of SMEs, it is adopted the business ecosystem model from Moore and added 
digital in front of it. Moore (1996, p. 26) defined a business ecosystem to be  

“An economic community supported by a foundation of interacting 
organizations and individuals—the organisms of the business world. The 
economic community produces goods and services of value to customers, who 
are themselves members of the ecosystem. The member organisms also 
include suppliers, producers, competitors, and other stakeholders. Over time, 
they co-evolve their capabilities and roles.”  

In the literature, as shown in Figure 10, for the Digital business ecosystem (DBE) 
project a digital business ecosystem is perceived as a distributed, non-proprietary, 
public middleware (for which the Internet acts as a platform) for the use of SMEs 
(Darking et al., 2006, ID D11). This distributed middleware transforms itself in a co-
evolution with participating local clusters of SMEs (business ecosystems). The key 
difference between with this new distributed digital business ecosystem and the other 
digital business ecosystems (e.g. Microsoft and SAP) is that this middleware is public. 
Either it is not dependent upon any single actor, is not dominated by any of the 
participating enterprises, does not include any single point of failure or control, is 
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scalable, is robust, and is freely available. It acts as a public road, lowers the barriers to 
ICT adaption, mobilizes knowledge “production” and maximises the reuse of models, 
and by doing this reduces the costs of ICT adoption. (Darking et al., 2006; Nachira et 
al., 2007.)  

Based on participation in the DBE project or projects in connection with it, the original 
view to the DBE is shared by Whitley and Darking (2006),Tsatsou, Elaluf-Calderwood 
and Liebenau (2010), De La Rosa et al. (2011), Wang, De Wilde and Wang (2009), 
Petrou and Giannoutakis (2009), Lurgi and Estanyol (2010), as well as De Wilde and 
Briscoe (2011). The original view is included in the found seven empirical research (ID 
D3, ID D18, ID D22, ID D11, ID D12, ID D19, ID D23). In three evaluation researches, 
the Digital business ecosystem project is perceived as an environment and opportunity 
to evaluate engagement practices (ID D3), regulative issues (ID D18), or negotiation 
styles (ID D22) for further developments. These evaluation researches contribute for 
research e.g. by the identification of a paradox which needs to be balanced by 
information system researchers to facilitate engagement (ID D3), by a producing a 
taxonomy to be a dynamic knowledge base of regulatory issues for e-business in digital 
business ecosystems (ID D18), and by producing a model and a recommender scheme 
(ID D22).   

The found four validation researches (ID D11, ID D12, ID D19, ID D23) make an effort 
to clarify the definition of the digital business ecosystem in relation to the simulations. 
In these validation researches, the digital business ecosystem is perceived in a following 
manner: 

“The enabling technology for the business ecosystem … a type of business 
middleware designed and built to be distributed across the Internet rather than 
to reside on any one computer. It provides an open-source distributed 
environment for small and medium enterprises (SMEs), producing entirely 
new behavior in software. Moreover, with the Internet acting as the platform, 
applications can work together to perform complex interactions whether they 
are centrally provided or peer-to-peer applications.” (ID D11, p. 9548.) This 
perception is in relation to a new model.  

“One type of complex system where interacting agents have to coexist by 
reaching a point of equilibrium” (ID D12, p. 1044). This perception is in 
relation to a new methodology. 

“A specific type of digital ecosystems used to implement and simulate 
business environments. … In digital business ecosystems companies interact 
with each other in order to create new joint ventures.” (ID D19, p. 213.)  This 
perception is in relation to a new tool. 

“Digital ecosystems (distributed adaptive open socio-technical systems, with 
properties of self-organization, scalability, and sustainability, inspired by 
natural ecosystems) for conducting business that enable network-based 
economies, leveling the playing field for medium-sized enterprises (SMEs).” 
(ID D23, p. 1149.) This perception is in relation to an extended definition of 
stability. 

It has to be acknowledged that the last definition (ID D23) is made and presented 
previously to cover a digital business ecosystem that is applied from a digital ecosystem 
(Briscoe, 2010, p. 44) for the enhancement of the further cross-disciplinary research and 
set now to cover all digital ecosystems. The definition is promoted as it differs from 
previous definitions done also by Briscoe himself. It seems although, that this effort has 
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not yet reached popularity for example among the studies investigated in this study, and 
the larger view presented by Nachira in the year 2002 is on the use among the 
researchers. 

In the studied literature, in the discussion outside the DBE project, Korpela, 
Kuusiholma, Taipale, and Hallikas (2013), Isherwood and Coetzee (2014), as well as 
Benghozi and Salvador  (2014) have adopted the DBE concept from the project (ID 
D34, ID D37, ID D38), and Raza et al. (2009) the DBE architecture (ID D14). Three 
evaluation researches (ID D34, ID D38, ID 14) and one valuation research (which uses 
the perception of their previous work ID D25) (ID D37) perceive digital business 
ecosystem in a following manner: 

“Digital business ecosystem provides an interactive, self-organized software 
environment that is distributive in nature but presents a unified view of all the 
business entities. Some of the anticipated benefits include the cost effective-
ness of services and value-creating activities, which are advantageous to 
SMEs, employees and consumers.” (ID D34, p. 3840.) 
 
“Digital business ecosystem is a decentralized environment where very small 
enterprises (VSEs) and small to medium sized enterprises (SMEs) inter-
operate by establishing collaborations with each other” (ID D25, p.1). 
 
“Digital business ecosystem represents business-to-business interactivity 
supported by a software platform, which should have the desirable properties 
of a natural ecosystem and display marked network effects. Armed with this 
infrastructure, the ecosystem could achieve evolution, self-organization and a 
self-optimizing environment.” (ID D38, pp. 67-68.) 
 
“Integration of the design data holds problems that be seen in previous 
attempts at integrating legacy systems in wider service enabled enterprise 
computing models…A solution to this would be the adoption of collaborative 
service between enterprises to aid integration around the digital business 
ecosystem model. Here services present in the ecosystem to aid the sharing of 
data around common processes such as supply chain management.” (ID D14, 
p. 438.) 

 
Among empirical research outside the Digital business ecosystem -project Mäkinen, 
Kanniainen, and Peltola (2011) perceive Google, Microsoft and Mozilla (ID D24) (cf. 
Darking et al., 2006) as digital business ecosystems. Strücker and Kerschbaum (2012) 
as well as Lu, Niu and Zhang (2013) perceive some other developments and 
implementations as enhancement of digital business ecosystems in smart grids or 
logistics (ID D31, ID D33).  

In the rest of empirical research outside the Digital business ecosystem –project the 
descriptions of business ecosystems made by Iansiti and Levien (2004b) and Moore 
(1996) or e.g. Basole (2009 cf. ID T11) and Moore (1993) are utilized in the perceptions 
of ecosystems for the research purposes as follows: 

“A specific type of business ecosystem; an IT-enabled business network of 
entities with differing interests bound together in a collective whole” where 
“co-evolving,  symbiotic, self-reinforcing system of strategic contributions”  
gives rise to a symbiotic ecosystem” (Tan et al., 2009, pp. 2, 14). This 
perception is in relation to the case of Alibaba.com that is established and 
developed based on the use of SMEs (ID D15).  
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“A co-opetitive technology environment in which symbiotic relationships are 
formed to create mutual value for its members. … An ecosystem is 
characterized by co-opetition, i.e., simultaneous competition and cooperation. 
... We refer to such relationships as inter-firm linkages initiated, built, 
maintained, and terminated in an ecosystem to build business value” 
(Selander et al., 2010, p. 2). This perception is in relation to the case of Sony 
Ericsson for examination of the process of transformation of ecosystem 
relationships (ID D20 cf. ID T11). 

 
Based on these perceptions some parallel developments can be traced in the perceptions 
of technology ecosystems and digital business ecosystems. Until the year the 2007, 
when the developments in the Internet-related technologies were re-evaluated also in 
Europe (cf. Iansiti & Richards, 2006; Iansiti & Richards, 2008; Nachira et al., 2007), the 
technology ecosystems and digital business ecosystems were seen to differ from each 
other based on the background history of the business environments of these 
ecosystems. At that time, a notion that digital business ecosystem created in Europe 
differs from other digital business ecosystems (former technology ecosystems e.g. 
Microsoft and SAP) by being public, freely available, scalable, robust, mobilizer of 
knowledge creation and maximizer of reuse of models, without being dominated by any 
of the participating enterprises or including any single point of failure or control. 
(Darking et al., 2006; Nachira et al., 2007.) In relation to these ecosystems, the role of 
open source (cf. Iansiti & Richards, 2006; Kennedy, 2007) and modeling business and 
e-business according to the main standardizations (cf. Corallo & Cisternino, 2007; 
Figay, Ghodous, Khalfallah, & Barhamgi, 2012) started to rise up.  

As seen in the literature of digital business ecosystem the first attempts to perceive and 
describe so called hub organizations actions in digital business ecosystems of a new 
kind is delivered in the year 2009 (ID D15). Despite the fact that this case study is not 
leaning on the definitions made in the EU project (e.g. Briscoe, 2010), it is offering a 
process model view with the description of some of the dynamics for the development 
of an environment (utilizing an open source platform cf. ID D11) designed and 
implemented especially for the use of SMEs. This case should be re-evaluated from the 
viewpoint of digital ecosystems (cf. ID D23) for further development of the concepts of 
digital ecosystem and digital business ecosystem. In relation to this it should be re-
considered, if there still is a need for the distinction of a methodology for economic and 
technological innovation and a software infrastructure for supporting large numbers of 
interacting business users and services (cf. Briscoe, 2010). In addition to this case (ID 
D15), some of the articles (e.g. ID D20, ID D24) can be considered being in relation to 
the other digital business ecosystems (as referred by Nachira et al., 2007) which are due 
to the development of Internet-related technologies more developed versions of existing 
technology ecosystems.  

In the literature of digital business ecosystems, the need for simulations for perception 
purposes of the digital business ecosystem under the development has been indubitable 
and at the start the work of Iansiti and Levien (2004b) is perceived as a very promising 
way to model business networks as ecosystems (see ID D11). The similar development 
can be traced in the resent literature of technology ecosystems (ID T11) where the 
results of the made efforts in the visualizations of technology ecosystem and business 
ecosystem are utilized in relation to the development of a new mobile payment market 
co-operation framework. In relation to this work it has to be acknowledged that in the 
literature of technology ecosystems (on the levels of 1 to 3 on Publication Forum) the 
rise or use of new concepts, like digital ecosystem or digital business ecosystem, are not 
present until the article from the year 2015 (ID T11). In that article, the concept of a 
digital ecosystem is build on the idea of a business ecosystem and set to emphasize the 
relationship between technology and strategy. For further developments, this use of a 
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digital ecosystem has to be considered in relation to the definition of a digital ecosystem 
in the literature of digital business ecosystem (ID D23). There digital ecosystems are 
seen as (distributed adaptive open socio-technical systems, with the properties of self-
organization, scalability, and sustainability, inspired by natural ecosystems) in relation 
to business, they are used for conducting business that enables network-based 
economies, levelling the playing field for medium-sized enterprises (SMEs).  

5.4 Related mapping study 

In the following, the state of the art of the concept of digital ecosystem or from it 
applied digital business ecosystem are considered in relation to the systematic mapping 
study of software ecosystems conducted by Barbosa and Alves (2011) that includes 
term digital (business) ecosystem to the terms related to the field of the software 
ecosystems. The study is based on 44 papers on which seven papers (15.6 %) are in 
relation to digital ecosystems or digital business ecosystems. These papers are published 
during the years 2006-2010. They include four papers, which are considering network 
dynamics, emergence of an ecosystem, business process execution, and business 
ecosystem construction in relation to digital ecosystems. In addition, they include two 
articles from Briscoe and De Wilde (from the years 2006 and 2009), and one article 
from Briscoe with Stanley (from the year 2010). This latest paper is written in the same 
year (2010) when Briscoe does his reformation to the concept of digital business 
ecosystem. According to Briscoe (2010), the definition made in this referenced article 
(from year 2010) of the mapping study is more on line with the new (reformed) 
definition of digital business ecosystems than the earlier versions.  

In the following comparison, the literature of technology ecosystems is considered only 
in relation to the overall notions of ecosystem research. This is because it has utilized a 
vague concept of digital ecosystem only in one empirical study that (in relation to the 
concept) refers the works of Basole and Carla (2011), and Selander, Henfridsson and 
Svan (2013) published after the year 2010. Instead, the focus is in the literature of 
digital business ecosystems, and especially in the definitions made by Briscoe, or De 
Wilde and Briscoe who have made efforts to clarify the vague concepts of digital 
ecosystem and digital business ecosystem in general (cf. other efforts in Chapter 5.3). 

In the reformed definition (which is done for the enhancement of becoming cross-
disciplinary collaboration in research), Briscoe (2010, p. 44) define digital business 
ecosystem to be “any distributed adaptive open socio-technical system for business, 
with properties of self-organization, scalability and sustainability, inspired by biological 
ecosystems”. In relation to this definition, he reminds that on the one hand, DBE is a 
proposed methodology for economic and technological innovation and on the other 
hand, it is a software infrastructure for supporting large numbers of interacting business 
users and services. This reformed definition is slightly reformulated by De Wilde and 
Briscoe for their empirical research considering the stability of evolving multi-agent 
systems. In that study (2011, p. 1149) digital business ecosystems are defined as “digital 
ecosystems (distributed adaptive open socio-technical systems, with properties of self-
organization, scalability, and sustainability, inspired by natural ecosystems) for 
conducting business that enable network-based economies, levelling the playing field 
for small and medium-sized enterprises (SMEs)”. 

In comparison of the results of the systematic mapping study of software ecosystems to 
this study, the following was detected. According to Barbosa and Alves (2011, p. 23), 
the outcomes of their study “indicate that software ecosystem research has been mainly 
inspired by studies from business and natural ecosystems (Iansiti & Levien, 2004b; 
Moore, 1993) as well as traditional software engineering research on software product 
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lines, software evolution and open source software". The previous perception is similar 
to the perceptions regarding the ecosystems of this study. From the latter perception, the 
role of open source is at present in relation to this study (e.g. in the first developed 
infrastructure and in the definition which emphasizes openness of these socio-technical 
systems). 

As results to their research questions Barbosa and Alves present the main 
characteristics, the benefits, the challenges and limitations of software ecosystems. The 
main characteristics of software ecosystems are summarized as follows (see Table 17) 
(set here in a descending order of the frequencies of perceptions). 

Table 17. Characteristics of software ecosystem (modified from Barbosa and Alves (2011, p. 
19)). 

Characteristics  Amount of 
perceptions 

Is linked to business perspective 7 

Is linked to open source development model 6 

Inherit characteristics of natural ecosystems  3 

Is related to innovation processes 3 

Have their characteristics inspired by concepts like Software Supply 
Networks 

3 

Is linked to architectural concepts like interface stability, evolution 
management, security, reliability. 

2 

Is linked to software product lines development model 2 

Have impact on small and medium sized enterprises (SMEs) 2 

Can be used to negotiate requirements for aligning needs with solutions, 
components, and portfolios 

1 

Collaborative development in government can be seen as a type of 
digital ecosystem 

1 

 

According to the classification made by Barbosa and Alves (2011), only 61.4 % from all 
the papers included some characteristic, and only three were mentioning two different 
characteristics. From the papers related to digital (business) ecosystems one was linked 
to collaborative development in government, and two papers to business perspective 
(see Table 17). When considering the reformatted concepts, they can be linked (see 
Table 17) to natural ecosystems, to business perspective, to open source development 
model, and to impact on SMEs. In addition these, software environments of the new 
kind have other characteristics emphasized in definitions and the related additional 
information which bring forth discussion about complex adaptive digital ecosystems 
(see Briscoe, 2010).   

The found benefits of software ecosystems are summarized by Barbosa and Alves as 
follows (see Table 18) (set here in a descending order of the frequencies of perceptions). 
According to the classification made by Barbosa and Alves (2011), mainly the general 
benefits of software ecosystems were discussed on 38.6 % of the papers (only two of the 
papers were mentioning two different benefits, none were mentioning three or more 
benefits). From the papers related to digital (business) ecosystems one was linked (see 
the following Table 18) to cooperation and sharing of knowledge.  
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Table 18. Benefits of software ecosystem (modified from Barbosa and Alves (2011, p. 20)). 

Benefits Amount of 
perceptions 

Fosters the success of software, the co-evolution and innovation inside 
the organization, increase attractiveness for new players 

7 

Helps analyzing and understanding the software architecture in order to 
decide which platform to use 

3 

Decreases costs involved in software development and distribution 2 

Supports the cooperation and knowledge sharing among multiple and 
independent entities 

2 

Comes as alternative to overcome the challenges during design and 
maintenance of distributed applications 

2 

Enables analysis of requirements communication among stakeholders 1 

Provides help to the tasks of business identification, product architecture 
design, risk identification 

1 

Provides information for the product line manager regarding software 
dependencies 

1 

 

When considering the reformatted concepts, they can be linked to those (cf. Table 18) 
describing multi-agent software systems, which enable network-based economies when 
levelling the playing field for SMEs. In these systems, a modular reusable paradigm 
(such as service-oriented architectures) to software development ensures, that developer 
produced software agents (which present in the software environment existing, 
autonomous, available services for the requests of solutions for the common problems) 
can be used as building blocks in a genetic-algorithm-based process of automatic 
combination of available and applicable services (see Briscoe, 2010).  

The challenges and limitations of software ecosystems are summarized as follows (see 
Table 19) (set here in a descending order of the frequencies of perceptions).  

Table 19. Challenges and limitations of software ecosystems (modified from Barbosa and 
Alves (2011, pp. 20-21)). 

Challenges and Limitation Amount of 

perceptions 

Several key architectural challenges such as: platform interface stability, evolution 
management, security, reliability, how to support the business strategy, suitable 
architectures to support open source style development; how open and flexible an 
architectural is. 

6 

Infrastructure and tools for fostering social interaction, decision-making and 
development across organizations involved in both open source and proprietary 
ecosystems. 

4 

Heterogeneity of software licenses and systems evolution in an ecosystem. 
Organizations must manage these issues in order to decrease risks of dependence. 

3 

Establishing relationships between ecosystem actors and proposing an adequate 
representation of people and their knowledge in the ecosystem modelling. 

2 

Companies have difficulty at establishing a set of resources in order to differentiate 
from competitors. It is necessary a correct engagement of the keystone organization 
in the social dimension. 

2 

Technical and socio-organizational barriers for coordination and communication of 
requirements in geographic distributed projects. 

2 
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According to the classification made by Barbosa and Alves (2011), the key challenges 
and limitations of software ecosystems were discussed in 36.4 % of the papers (only 
three of the papers were mentioning two different challenges/limitations). It has to be 
acknowledged that none of the papers related to digital (business) ecosystems were 
linked to the mentioned challenges and limitations (see Table 19). As brought forth by 
Barbosa and Alves, from these challenges and limitations it can be recognized the 
influence of traditional software engineering research on software product lines, 
software evolution and open source software.  

Some perspective to these findings offers the recalling of the reality, that the change 
(recognized after the resolving of antitrust dispute of Microsoft and Department of 
Justice) based on new Internet-related technology solutions gave new possibilities (due 
to new Internet-centric applications, platforms and business models) for ecosystems to 
emerge (see Iansiti & Richards, 2006). Emergence of this change can be traced also 
from the list of the studied literature by Barbosa and Alves (2011, pp. 24-26). As that 
list shows, the first two international workshops on software ecosystems took place 
during the years 2009 and 2010, and the first research agenda for software ecosystems 
from the community perspective was presented in the year 2009. 19 of the papers (43.2 
%) were published before the year 2009. When taking a look of the titles of these early 
papers (years 2003-2008), one can identify considerations e.g. around platforms, arising 
service orientation and open source development, and after them considerations for 
instance about architectural management, production management, and business 
relationship management.  

According to Briscoe (2010), digital ecosystems aim to extend the service-oriented 
architectures (SOA) concept with the automatic combining of available and applicable 
services in a scalable architecture, to meet business user requests for applications that 
facilitate business processes. Based on the thoughts of Briscoe, identified progress from 
the literature, and identification of two communities MEDES and IWSECO 
(International Workshop on Software Ecosystems) being investigating the topic digital 
ecosystem (made by Barbosa & Alves, 2011), there is a need to further comparisons of 
digital ecosystems, digital business ecosystems and software ecosystems perspectives in 
the future.  

5.5 The use of mapping study  

In this mapping study the instructions from Petersen et al. (2008), Kitcheham and 
Charters (2007), and Bailey et al. (2007) were followed. As this mapping study was 
conducted by only one researcher this sets the threat to the reliability of the study due to 
the possibility of misinterpretation. The validity threats of this study are discussed 
concurrently with experiences gained from conducting the study.  

The main goal of the systematic mapping is to provide an overview of a research area, 
and identify the quantity and type of the evidence (Petersen et al., 2008)  (including 
research evidence) (Kitchenham & Charters, 2007) with less effort than a systematic 
literature review. For the purpose the method is a good one if there is available some 
existing classification for the classification of the topics, otherwise the method is time 
consuming. 

The process of systematic mapping is well described and partially clearly guidelined. In 
this study, the information available in the Scopus and other databases was taken into 
account in building a categorization and classification schemes based on set questions. 
An effort to lower the threat of validity was made by redesigning the spreadsheets 
imported from Scopus database to support the recording of data. While the study they 
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were utilized as tools where the needed data was recorded for the comparison and 
extraction to get the answers to the set research questions.  

There were not existing classifications available for the topic specific classification. The 
creation of new classifications emerging from the papers studied based on the fact, that 
either the (e.g. engineering controlled or uncontrolled) classifications of databases were 
absent or evolving due to emerging research (this notion was done based on setting the 
available classifications to ascending order by publication time). As the researcher had 
no access to the background information of these classifications, their wider utilization 
in other context remains open. 

This action to seek and clarify the existing classifications from databases (and set the 
found classification in the ascending order) is still recommended for application in the 
becoming systematic mapping studies as it supports to recognize the development of the 
subject in focus of research. For the other classifications, the clues form the guidelines 
were taken into account. For the becoming systematic mapping studies there could be 
clear instructions for the most used classifications (e.g. for  context). In this study (due 
to the background of the concept digital business ecosystem), the possible project 
emerged to be the more important starting point than the background organizations of 
the researchers.  

In this study, the three first steps of the process (Definition of research question, 
Conducting of search, Screening of papers) till the step of Keywording using abstracts 
were relatively easy to follow. Even the results from different databases Scopus, 
ProQuest databases, ACM, IEEE Xplore, EBSCO, Emerald and Elsevier (Science 
Direct) were quite easy to compress as the Scopus database was utilized uploading the 
information to the spreadsheets in ascending order. This considerably helped the work 
of adding and comparing information from other databases as well as removal of 
duplicates. For assessment of peer-reviewed quality of publications, the Publication 
Forum was utilized. Based on the experience gained from the use of Scopus, setting the 
results in ascending order for the comparisons, as well as from the use of the Publication 
Forum these steps can be recommended to be followed by the other researchers too.  

The difficulties in use of this method arouse in the step Keywording in the use of 
abstracts. As there is no direct description of keywording , in this study it is perceived to 
be similar to open coding. In this step, it is noticed that classification by research type 
according to evaluation criterion is difficult based on abstracts, because of inaccuracy or 
lack of information needed (about the project, method etc). Based on the screening of 
the other parts of the papers, it was noticed that sometimes abstracts are also misleading 
(e.g. because of the use of terms).  

Furthermore, while doing the screening it was noticed that some of the papers did not 
include (e.g. term digital business ecosystem) in any other parts than in keywords, index 
terms, author terms or abstract. Despite this, all the papers were screened for having an 
overall picture how these papers are in relation to the development of the concepts in 
focus. It is noticed that some of the papers could have been classified in different classes 
by the research approach. This leads easily to different classifications by different 
researchers. For this study, it was decided to classify each paper to the highest suitable 
class according to evaluation criteria. 

The use of other parts of the papers utilizes the collection of other important data 
needed. In this study, it has steered the iterative process of data collection for the 
classification of the topic (that based on emerging information) as well as concurrent 
recording of the contexts, continents and definitions of concepts, which have been 
important for the clarification of perceptions. During the data collection, especially the 
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notions in relation to the topics were written in a form of a short story to support 
grouping of topics, which was done based on merging and renaming of categories. The 
collection of concept definitions as well as writing a short story can be recommended to 
other researchers to support perceptions, especially in cases where there is no existing 
classification for the topic available.  

As both of the concepts studied are broad, and understanding about the terminology 
used especially in the digital business ecosystem papers increased gradually, there is 
possibility for the misinterpretations of the researcher in recording and extracting the 
data. For lower the validity threat, which arouses from the classification by research 
type and leads to twisted extraction by research type, short descriptions of empirical 
research found are included in this study. This offers other researchers a possibility to 
recognize the perceptions of the studied ecosystems e.g. via clarification of the concepts 
used in the research and clarification the background (as detected by the researcher for 
the classification by research type). For this purposes the information about research 
type, method, context, contribution and paper identification (by ID or authors) is offered 
in the tables presenting the results of research approaches. This is hoped to help the use 
of information gained in this study.  
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6. Conclusions 

This thesis presents systematic the mapping studies of technology ecosystems for 
business and digital business ecosystems. For this thesis, the method of systematic 
mapping was selected to structure the selected research areas for getting a broad 
overview over the two streams of research as well as identify the possible research 
evidence. The mapping studies were conducted during January 2015-December 2015 by 
following the guidelines given by Petersen, Feldt, Mujtaba and Mattsson (2008), 
Kitchenham and Charters (2007), and Bailey, Budgen, Truner, Kitchenham, Brereton 
and Linkman (2007), and utilizing existing criteria for the evaluation of research 
approaches given by Wieringa, Maiden, and Roland (2006). Based on the search 
strategy 701 technology ecosystem and 307 digital business ecosystem publications 
published or waiting for publishing between 2000-2014 were identified, from these 11 
technology ecosystem papers and 39 digital business ecosystem papers for business 
were included for mapping.  

The main question to be answered in this thesis was how are technology ecosystems and 
digital business ecosystems for business perceived and approached in the literature. To 
answer the main question the following subquestions were set for the both mapping 
studies: RQ1 Which journals include papers on technology ecosystems / digital business 
ecosystems for business? RQ2 What are the most investigated topics of technology 
ecosystems / digital business ecosystems and how have these changed over time? RQ3 
What are the most frequently applied research approaches and methods, and in what 
study context? 

All the papers were classified and analyzed according to set classification scheme. 
Based on structuring the selected research areas according to the set subquestions, broad 
overviews were established presenting findings. Based on the identification and 
evaluation of publication channels the forums for discussion were exposed. Based on 
the identification of topics and their evolution the trends of discussion were exposed. 
Based on the identification of research types the non-empirical and the empirical 
research were exposed. Found research evidence and found solution proposals (form 
non-empirical research) were discussed and the need for further research was 
considered. 

The main contribution of this mapping study was the identification of different 
perceptions of two vague concepts, technology ecosystem and digital business 
ecosystem, and notion of their convergence and interlace over time (especially in 
relation to the exposed scarce research evidence) (see Chaper 5.3).  

From the theoretical point of view, the results of this study could help researchers and 
other interested parties (e.g. business and technology managers) by providing them 
insights and information about the different perceptions, forums and trends of 
discussion, existing empirical research, and possible demand of further research.  

From the methodological point of view, the described experiences could help 
researchers by providing them insights into the benefits from the utilization of 
characteristics of databases (e.g. in setting results in order by time, in use of their 
classifications as a starting point) and the Publication Forum (e.g. in indication and 
selection of quality of forums for discussion). Furthermore, they could inspire others for 
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writing a short story to support the evolution of perceptions (e.g. based on collected 
definitions and other descriptions) during the mapping process. 

The results and conclusions drawn in this thesis should not be overstated and they have 
to be considered in respect of the limitations of the research. The first limitation of the 
research was that it is limited to analyse only papers that are accessible via used 
databases or Bielefeld Academic Search Engine and are classified to the classes 1-3 on 
the Publication Forum. The second limitation of the research is that it is conducted only 
one researcher. This sets the threat to the reliability of the study as well as to the validity 
due to the possibility of misinterpretation. To reduce possible biases during the mapping 
study processes the following actions were taken. As the digital databases provide 
different options for searches and search engine work differently, the query for each 
digital database was conducted by adapting the search engine options as similarly as 
possible. For minimizing of search bias, the searches and data recording for the 
mapping studies were done after preliminary searches for technology ecosystem papers. 
While designing the classification scheme the researcher used spreadsheets (that already 
included information from the papers) as a starting point and used them during 
keywording and the extraction process to help to minimize review process bias. As 
accuracy of the visualization of the results depends on interpretations, the challenge was 
confronted by opening the sub-result visualizations of topic evolution and empirical 
research evolution with the descriptions of the perceptions of the researcher.  

For the future research, the following suggestions are presented based on some notions 
discussed in Section 5.  In this thesis, it was not included a systematic mapping study on  
digital ecosystems literature. Instead it was utilized the systematic mapping study of 
software ecosystems conducted by Barbosa and Alves  (2011) that includes term digital 
(business) ecosystem to terms related to the field of software ecosystems. In relation to 
that mapping study the state of the art of the concepts digital ecosystem and digital 
business ecosystem found in this study (see Chapter 5.3 Briscoe, 2010; De Wilde & 
Briscoe, 2011) were considered, and some perspectives to the findings were offered. 
Based on the findings, and identification (made by Barbosa & Alves, 2011) of two 
communities (MEDES and IWSECO) being investigating the topic digital (business) 
ecosystem, there is an apparent need for the comparison of digital ecosystem, digital 
business ecosystem and software ecosystem perspectives in the future for further 
clarification of the concepts of these ecosystems. As a starting point for this could be a 
systematic mapping study of digital ecosystem literature.  

As the empirical research in research areas of technology ecosystems and digital 
business ecosystems appeared to be scarce, there is a need for further empirical 
research, based on found empirical research and solution proposals. This research 
should present its results in leading and top-level channels for the enhancement of 
understanding about these ecosystems.  

The research of technology ecosystems should take into account developments in e-
commerce, e-business, decision-making and technological forecasting. The new 
empirical studies made from the viewpoint of platform strategies (including the role of 
open source) and governance mechanisms (cf. Li, 2009; Wareham et al., 2014) could 
shed light on both to the development of platforms and regeneration of business 
ecosystems orchestrated by the platform owners, and by doing so support also 
symbiosis and further co-evolvement. On the other hand new empirical studies which 
utilizes new presented tools (c.f. Hedman & Henningsson, 2015; Kauffman et al., 2015; 
Liu et al., 2015) in identifying the dynamics between the technology evolution and 
transformation of the market, would help both further proceedings and support further 
developments among the stakeholders of studied ecosystems. As the concept of digital 
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ecosystem has appeared in discussion during the years 2014-2015, further clarification 
of the concepts would support this research strand too. 

The research of digital business ecosystems should take into account digital, social, and 
economic viewpoints. It should also acknowledge that 56.3 % of the empirical research 
found was in relation to several other contexts than DBE –project (or projects related to 
it). This plurality of contexts supports the perception of the need for further clarification 
of the concept digital business ecosystem. The DBE –project and projects related to it 
have inspired parallel suggestions for the formation, and provision of digital business 
ecosystems. New empirical research focused on these would support further 
developments (see Figay et al., 2012; Isherwood & Coetzee, 2011; Jaanus & Ley, 2012; 
Leong, Si, Fong, & Biuk-Aghai, 2009; NarayanaRao, 2012; Novakovic, Huemer, & 
Pichler, 2013; M. Raza, Hussain, Hussain, & Chang, 2010; Spyns & Meersman, 2007). 
As would future empirical research which is focused in identifying and analyzing 
different stages of the development, and to the development affecting factors (cf. De La 
Rosa et al., 2011; De Wilde & Briscoe, 2011; Isherwood & Coetzee, 2014; Lurgi & 
Estanyol, 2010; Petrou & Giannoutakis, 2009; Tan et al., 2009; Tsatsou et al., 2010; 
Wang et al., 2009; Whitley & Darking, 2006).  

The presented findings and suggestions are hoped to support further research 
endeavours among these ecosystems.  
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