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Abstract. In this paper, the focus is on the R&D ecosystems. The defi nition provided 
fi rst by Moore helps identify different viewpoints and R&D ecosystems specifi cs. 
Replicating the living and evolving ecosystems, and the involved stakeholders 
model, and ecosystems evolving model, explaining the two-dimensional value 
creation are discussed in short. A practical approach to frame the success factors 
based on the three fundamental properties of evolving systems is introduced. The 
R&D ecosystem participants, partners, and all the involved stakeholders can be 
treated as evolving organisms in a living ecosystem, and respectively try to support 
their ability of reproduction, variation, and competition. The proposed factors can 
be balanced, prevailing at some point the ability to reproduce, in order to ensure the 
ability to support new players. 
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1 Introduction 

The ecosystem concept has been developed by different structures starting from 
companies, and universities to research and development (R&D) institutes and 
local governments. The major problems to be solved include limitations from 
formal communications, barriers in knowledge sharing, and collaboration that 
result in low levels of innovation and development. Ecosystems are relatively 
new as concept trying to imitate the living biological ones into the business 
world. They are like centers of research and development, which act as catalysts 
and help to develop ideas and transform them into successful solutions to the 
market. 

Although the ecosystem concept shares some similarities with older con-
cepts of strategic alliances [1], and business partnerships, joint ventures etc. it 
still differs in many and signifi cant aspects. First, an ecosystem is not a company 
or organization that formally works with others in developing new products or 
services. Any collaboration between the different stakeholders is rather like a 
long-term relationship, and not like a frame, or agreement. Furthermore, ecosys-
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tems main aim is to create innovation-facilitating networks with an, as diversifi ed 
as possible, range of players in terms of industries, focuses and sizes, where the 
added value is in the network itself. Successful ecosystem management includes 
cultivating the diversity of the stakeholders, supporting its density and autonomy 
and keeping those stakeholders in central position. No ecosystem can develop 
unless there is intensive mobility of knowledge. 

The factors that can help in the success of building and managing ecosystems 
will be investigated. The focus will be on the generation of opportunities and 
the used technology and the way to become big in very short time. The innova-
tion agenda must be strategically aligned with the expected outcomes, and have 
as highest priority the commercialization [2] of the innovation ideas within the 
shortest possible time. The management structure should defi ne clear priorities 
right from the beginning. Ecosystems fi rst priority should be building the com-
mercialization competencies, rather than the technology aspect. The success fac-
tors identifi ed for the ecosystems include the idea of always maintain a healthy 
and close relationship with the university as the core organization, but try to build 
an extended, diverse and balanced range of competencies [3] diversifi ed to cover 
ecosystem’s needs depending on the concrete case. 

2 Ecosystems 

Let us fi rst provide a defi nition of the term ecosystem referring to the business. 
James F. Moore was the fi rst to use this term by applying biological concepts to 
the world of business in 1993 [4]. His idea was to apply the principles of evolving 
living systems in business ecosystems. 

According to the defi nition for a business ecosystem provided by Moore it is, 
an economic community supported by a foundation of interacting organizations 
and individuals, the organisms of the business world. This economic community 
produces goods and services of value to customers, who are also members of the 
ecosystem. 

As was recently proved for once again under the COVID-19 pandemic, the 
faster and most effectively evolving businesses, making decisions based on evi-
dence [5], especially regarding medical matters are the ones that succeed. How-
ever, no evolution in living systems occurs in vacuum, and this is true for the 
innovative business evolution. All necessary building blocks must be available. 
Meaning, all required resources must be attracted, including capital, the R&D 
community, partners, suppliers, and customers, technology and platforms, and 
the regulatory bodies.  

In practice, what we realized was that the pandemic did not initiate, but ac-
celerated the migration of the consumers to digital environment. Consumers from 
all ages, and all backgrounds went online for a wide range of services and prod-
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ucts. What we have seen was communication platforms, and offering channels 
proved to be reliable for decades went down for less than months. 

COVID-19 increased also an existing trend where traditional industries and 
their representatives tried to create their own, or enter in other digital ecosystems. 
Tech companies supported by their platforms, launched most of those ecosystems 
that are constructed to offer integrated services. They control customer interfaces 
and control points such as search, advertising, and messaging. 

The market understands this power. Most of the companies with the world’s 
highest market capitalizations are tech companies that generate much of their 
revenue from the digital ecosystems they created [6].

We need to describe the interrelationships among different stakeholders and 
ingredients [7, 13, 14] for the development of an R&D information technology 
(IT) ecosystem, in order to try to identify its success factors.

To group the different stakeholders and ingredients we can use the following 
structure (Fig. 1): 

• funds, fi nancial instruments, and capitals, 
• researchers, scientists, and academics, together with their institutions, and 

other talents and key HR, and the business, as large and small companies, 
• providers of technology platforms, data and other infrastructures, 
• regulatory and legal environments, and 
• users and applications, IT customers as private consumers, business cli-

ents, and the governmental sector, to defi ne the different levels from basic 
research, through applied research, and advanced concept, up to product 
development, 

All these views at the end should be combined in a way that will allow the 
development IT products and services that contribute for the economic wealth 
of the respective city, region, and country, create jobs, and serve the society as a 
whole. However, the successful combination of those views depends on factors, 
which all the stakeholders should be familiar. 
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Fig. 1. R&D ecosystem stakeholders, and ingredients.

Once the necessary building blocks are available, we need to consider the 
process of evolution, like in living systems. In living ecosystems, there are three 
basic principles, which are common to evolving systems [8]. The three funda-
mental properties of evolving systems are the ability of reproduction, variation, 
and competition (Fig. 2). 

First, having the ability to replicate or reproduce each species, or different 
kind that will appear for the fi rst time will be able to continue his kind’s life after 
the concrete individuals degrade. Those kinds of organisms will survive and be 
represented in the ecosystem - even after the lifetime of each concrete representa-
tive, which after all can be shorter. Therefore, it is not important the concrete 
individual representative to survive. Important is the species and different kinds 
to replicate or reproduce and thus to survive, no matter how short the individual’s 
lifetime is. 

Second is the property of variation, to ensure that the system reproduced un-
dergoes changes. This property ensures that evolution can occur. Otherwise, if the 
ecosystem replicates always the same next generation as the current generation, 
and its parent generation, there will be no evolution.  

Last is the ability of the ecosystem organisms to compete. The reproduced 
organisms in the ecosystem compete with one another for gaining the available 
resources. It is a property that allows the occurrence of the evolution by natu-
ral selection. The process starts with the property of variation, which will allow 
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the production of different populations. Out of those different populations, there 
will be, even by chance, variant offspring better suited (than their parents) will 
for survival and reproduction under the prevailing concrete conditions. This is 
the prevailing conditions selective pressure, which gives advantage to different 
populations. Therefore, those populations, which are best able to survive and to 
reproduce themselves, will increase in relative concentration. Thus, we have new 
players, which are better and by gaining, more of the resources are able to repro-
duce, develop, and occupy territory in terms of relative concentration. 

Fig. 2. The three fundamental properties of evolving systems.

3 Ecosystems characteristics and KPIs 

Here we should underline the difference between the many kinds of networks, 
like cooperation networks, strategic partnerships, and alliances, joint ventures, 
or virtual organizations, and ecosystems. The fi rst group of different kinds 
of networks is focused on the corporate terminology and attitude towards 
organizational frameworks and management structures. On the other hand, 
the ecosystem approach, as defi ned above with the parallelism with the living 
biological systems, examines the business development and the innovation 
commercialization as the living processes in evolving systems. As they evolve 
with their characteristics and ethical aspects [9]. 

The logic of corporate strategy is changed by the strategic logic of permanent 
change. Thus, we have a living and evolving system of business communities, 
moving, and changing all the time. It starts from generating intellectual property 
[10] and goes through establishing new businesses to new products commission-
ing, and jobs creation. Those representatives, the players that will have the ability 
to adapt will survive and gain recognition. 

Every business ecosystem develops in four distinct stages: birth, expan-
sion, leadership, and self-renewal—or, if not self-renewal, death [11]. However, 
in practice those stages of the evolution may appear in a more fuzzy way, and 
even overlap. The managerial team should clarify the picture and resolve any 
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problems. Such issues that appear in many different industries are related to the 
process of mixing competitive and cooperative business strategies.

An evolving model, which explains how ecosystems work, is two dimension-
al, which describes the creation of value. At the horizontal dimension, the idea 
is to allow participants to consolidate a range of customers, often across sectors. 
The vertical dimension refers to how ecosystem players cover different aspects 
of the customer needs at various levels (fi g. 3). The business models cover both 
B2C and B2B, but they should avoid concentrate in one point everything they 
need and try to build everything in-house. It is rather the management team again 
that should set up incentive schemas that will attract more players and expand the 
frame of the ecosystem to include many more industries and players. It is namely 
such moves that help the ecosystem expand and play its real role in creating value 
for all the participants, and cover a wider and wider range of participants.  

Fig. 3. Ecosystem evolving model, explaining the two-dimensional value creation.

Successful participation in ecosystem means to change the attitude towards 
the client. Extension of the offering, expansion of the sectors, and avoidance of 
any such limitations is a key approach for traditional fi rms, and organizations. 

The benefi t comes when the offering goes above the traditional range and 
includes products and services that could not be created by individual fi rms, but 
rather as a co-product or combined service of the ecosystem. These relationships 
along the ecosystem’s value chain [12] create a client or customer-centric busi-
ness model, based on a unifi ed value proposition where the end-user enjoys the 
end-to-end experience of a wide range, combined products and services. 

Big technology vendors and regulatory bodies also participate with a key role 
in the schema. Tech vendors support the growth by strategic decisions in the di-
rection of offering the necessary platforms to the ecosystems and their players. 
Bright examples could come from the provision of different technologies and tools 
to manage wide range of databases and use advanced AI, as instruments for exam-
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ple to help better understand consumer’s needs, and respectively align and improve 
ecosystems’ offering. The regulatory bodies can also support the ecosystems devel-
opment, with their institutional role, and promote more economy benefi ts. 

Closing this section, we will try to identify the most appropriate key perfor-
mance indicators (KPIs). Based on the provided defi nition of ecosystem, we can 
now defi ne some KPIs for a healthy R&D ecosystem (Fig. 4). The KPIs should 
include the:

• generated intellectual property, both in terms of quality and quantity, 
• established businesses, in terms of economic value, 
• products which came on the market, commissioned end products, in terms 

goods and services diversifi cation, and 
• created jobs, both in terms of quality and quantity. 
Below the KPIs, which are directly related with the work product of the eco-

system, there should also be used some KPIs to evaluate its overall performance. 
Such KPIs are wider in terms of geography, sectors, and timeframe, and cover 
more strategic characteristics of the ecosystem:  

• adaptability, in terms of mechanisms and procedures to respond to chang-
ing conditions, and 

• recognition, in terms of the level to collaborate with and compete against 
other ecosystems (local, national, regional, global).

Fig. 4. Ecosystems KPIs.

Attention should be paid and make sure that the number of KPIs is kept as 
small as possible. A short and to the point schema of KPIs help the team to con-
centrate on the job to be done, and not on the complicated reporting mechanism.  

4 R&D ecosystem success factors  

In this section, the empirical fi ndings related to discussions, interviews, and 
projects experience will be presented. No strict boundaries between the R&D 
ecosystem stakeholders presented in section 2 (Fig. 1) and the proposed success 
factors were identifi ed. We also could not determine any grouping criteria for the 
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success factors and neither the ecosystems evolving model, explaining the two-
dimensional value creation (Fig. 3), nor the ecosystems KPIs (Fig. 4). Thus, we 
framed the success factors for three fundamental properties of evolving systems 
(Fig. 2).  

Thinking of the ecosystem participants, partners, and all the involved stake-
holders as evolving organisms in a living ecosystem we need to support those 
three fundamental properties of evolving systems, namely the ability of reproduc-
tion, variation, and competition. We tried to balance, prevailing at some point the 
ability to reproduce. This will ensure the ability to replicate the necessary species, 
and different kinds. We make sure that partners that will appear for the fi rst time 
will be able to continue their kind’s life after they degrade, as concrete individu-
als representing their kind. Following are presented the success factors grouped 
per supporting fundamental property of evolving systems. 

4.1 Success factors supporting reproduction 

First, we need permanent infl ow of new participants, partners, ideas, knowledge 
etc. Therefore, we need to remove any limits and barriers for new player’s 
entrance, and participation, and help to increase the number of participants 
in projects and initiatives. It is important to put the focus on the coordination 
activities for the participants and partners, and be prepared and fl exible to exploit 
any unexpected opportunities.

The longer the participants stay in the ecosystem, the more the effect in-
creases. It is thus important to promote active partnership, and participation in 
the long-term, as only longer interactions and collaboration in time create mutual 
win-win opportunities. We should further support the participation by using mod-
ern planning tools aligned with any uncertainties, and limitations, and use during 
all project phases’ fl exible coordination tools.

The created benefi t of the ecosystem increases when the participants cooper-
ate and build partnerships. This is why we need to cultivate potential synergies 
development culture, by promoting synergies between diversifi ed participants, 
sectors, and industries, by identifying any new application of existing technol-
ogy or knowledge in other industry than the current core industry, and support-
ing cross-sectorial exploitation and collaboration opportunities. This is why we 
should facilitate even small inventions, as they provide large effect when they 
are effective combined, examine in detail the possibilities of turning technology 
into profi table opportunities, and facilitate always project funding and laying the 
foundations for future collaborations. 

Help all kinds of interaction processes and organize presentations of poten-
tial partners ideas and technologies, and facilitate collaboration, with motivating 
potential partners to participate in collaborative projects and building future op-
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portunities, and facilitating know how and knowledge transfer and creating com-
mon standards and understandings among participants. 

Finally yet importantly for the reproduction priority, is to formalize process-
es for strategic partners selection, and partnerships building cultivate the synergy 
effect among ecosystem participants and facilitate collaboration with new ones, 
and support participants and partners during their efforts to determine their posi-
tion in the innovation value chain.  

4.2 Success factors supporting variation 

In living ecosystems, variation ensures that the system reproduced undergoes 
changes. This property is also important for R&D ecosystems, to ensure that 
evolution can occur. Otherwise, we will always reproduce replicates of the same 
generation as the current one. For the specifi c case of R&D ecosystems, this 
can be translated to develop knowledge, expertise, capacities and ideas within 
the ecosystem, and be open for new technologies. These technologies can make 
us fl exible in fi nding new solutions and applications, support strong knowledge 
of the subject matter that makes easy to understand the required resources and 
competences, and attract the appropriate players to contribute. They can facilitate 
further subject matter knowledge that can also help in estimating the necessary 
communication channels and the fair valuation of any expertise and capacities 
required, and well-described and document knowledge as it can be used for 
further exploitation in terms of basis for both further development, but also 
collaborations initiation. 

However, in order to develop knowledge in R&D ecosystems we need to 
fi rst formulate a clear research agenda. This can be achieved by setting clear and 
achievable goals for technologies, and exploitation focus, supporting potential 
synergies for applications and solutions development both inside the current in-
dustry and outside of it. Furthermore, identifying potential application of existing 
solutions in new industries, stimulating any inspiration for new projects based 
on existing solutions, and promoting the combination of diversifi ed knowledge 
and knowhow from different industries, and companies to maximize cooperation 
effects. 

To accelerate the process of knowledge development it is important to facili-
tate the use of roadmaps, and facilitate the development of technologies clusters 
based on common characteristics like new solutions, market opportunities, and 
develop technology-based paths to new markets. 

The property of variation requires helping develop a diversifi ed range of 
different kinds of participants. This is the reason to stimulate both fi nancial and 
strategic goals, and objectives, and distinguish the fi nancial and strategic goals, 
and objectives to the partners and participants and set clear focus on both. Fur-
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ther to combine market’s goals and objectives with research ones to resolve the 
high uncertainties of the research and development projects. This means a focus 
on additional management efforts in order to fi nd a balance between exploring 
business opportunities and investigating research agendas, and manage the dif-
fi culties in determining the required investment versus the expected profi ts, by 
combining information from participants already in the market and respectively 
align the goals and objectives. 

4.3 Success factors supporting competition 

Last but the same important is the ability of the ecosystem organisms to compete. 
New companies with new offering, new products and services will compete with 
one another for gaining the available resources. This will be further supported by 
the market powers and move ahead allowing the occurrence of the evolution, not 
by natural selection, but by market mechanisms-based selection. To stimulate  the 
competition we need to categorize the different goals for different players, and 
align the overall strategy of the different players, companies, institutes etc. with 
the used technologies, and platforms, unify results interpretation for the different 
partners and participants, and promote our views for the expected pilot results. 

Support this differentiation by setting clear and achievable goals with in-
dicative but expressive milestones, in order to support a process of identifying 
the coming requirements for activities and priorities, identify and present to all 
participants the potential risks the earliest possible, and defi ne and align common 
understandings for risk levels, their perspectives and views with all participants.

All interactions can bring benefi t, which may be not seen now. Thus, it is 
necessary to document all interactions between participants and partners neces-
sary. It also use interactions documentation to focus on common interests, and 
limit any misunderstandings, formalize the process of documenting all interac-
tions that can help avoid any diffi culties in transfer of lessons learned from previ-
ous projects, and facilitate the knowledge management processes that can support 
the future development of valuable ideas captured during such interactions. 

Last but also necessary is to support responsibility, and ownership of the 
different projects, and initiatives, and defi ne early in the project-planning phase 
each partner and participant’s role and identify their strengths and weaknesses, 
and avoid confl icts regarding the initiatives results and their exploitation. 

5 Conclusions 

In this paper, the term of ecosystem as defi ned by Moore was discussed under 
different viewpoints aiming to apply it in the specifi c case of R&D ecosystems. 
Starting with the initial defi nition, which is replicating the living and evolving 
ecosystems, it was further widened to cover the needs of the R&D ecosystems, 
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with the involved stakeholders, and their evolving model, explaining the two-
dimensional value creation. We found to be practical the approach of framing the 
success factors based on the three fundamental properties of evolving systems. 
The R&D ecosystem participants, partners, and all the involved stakeholders can 
be treated as evolving organisms in a living ecosystem, and support the three 
fundamental properties of evolving systems, namely the ability of reproduction, 
variation, and competition. We balance the proposed factors, prevailing at some 
point the ability to reproduce, in order to ensure the ability to replicate different 
players. 
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