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In recent decades, in the face of rapid changes in the business environment,
technological fields have increasingly moved towards opening borders and
using external resources. However, recognizing the body of the ecosystem,
analyzing the interactions, balancing the exploitation of external knowledge
and breaking down boundaries is a necessity that have not been addressed or
addressed in a scattered manner. Therefore, understanding the components or
roots of the open R&D ecosystem in Nano-technology was a necessity in the
present study. The present study was descriptive in terms of purpose, applied
in terms of use and a survey in terms of data collection; the research was of
mixed nature using purposeful-judgmental sampling method. By reviewing the
research literature and aggregating the opinions of experts and policymakers
in the field of R&D and nanotechnology using the Fuzzy Delphi questionnaire, 6
main components and 17 sub-factors were identified. Then, the causal model of
direct and indirect relationships between the components and their intensity
was designed through UCINET software. The results showed that the structure
of an open R&D ecosystem consists of the flow of activities, the formation of
links, the selection of positions, boundary restrictions, actors and time, each of
which has its own sub-factors. Next, the causal model of direct and indirect
relationships was analyzed using the Fuzzy Cognitive Map, and then the
influence intensity of each node in ecosystems was analyzed. The results of the
analysis of the causal model using fuzzy cognitive mapping showed that
profitability as a sub-factor of activity flow had the greatest effect and time to
enter the market as a time sub-factor had the least effect on R&D ecosystems.
This research was theoretically a framework with minimum requirements for
understanding the components of an open R&D ecosystem in Iran’s
nanotechnology and in practice, indicated that it is affected by the policies and
attitudes of policymakers in this field.
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EXTENDED ABSTRACT

Introduction

In recent decades, technology-based companies have increasingly relied on resources
outside of organizational boundaries to increase the profitability of R&D activities. Because
the use of external resources can reduce some of the challenges facing companies and create
interaction between actors. These interactions create value at the level of an ecosystem and
an open approach with multiple relationships. Some researchers believe that the conceptual
dimensions of an ecosystem are meaning, model and metaphor. Metaphor is a conceptual
process that makes it possible to understand and experience an object or a component in
the form of another; in fact, an ecosystem represents one or more concepts or values. Adner
(2017) argues that the term "ecosystems" has evolved spontaneously into different
meanings and can be constructed or refined based on the distinction (as a boundary)
between two general perspectives. The first perspective is the view of ecosystems as a
dependency, which is defined as the socialization of actors within networks with
dependence on a platform; and the second perspective is the view of ecosystems as a
structure, which is defined as the configuration of activities by a value hypothesis. Tsujimoto
et al. (2018) believe that the importance of an ecosystem lies in five dimensions. They
believe that the five dimensions can provide a basis for understanding and studying of
ecosystem issues. Therefore, in this research, the combination of Tsujimoto dimensions with
value creation was used in order to deepen understanding. This research provided insights
to identify and study root factors that can be easily understandable and evaluated by
different actors.

Purpose

This research sought to provide an overview of the structure of ecosystems with
activities based on a value. Therefore, the research pursued two goals: the first goal was to
identify the components of the open R&D ecosystem in the field of nanotechnology in Iran
and the second goal was to analyze the causal components to gain a deep knowledge of how
they interact and affect the ecosystem.

Methodology

The present study was descriptive in terms of purpose; in terms of application, the
research is applied and in terms of data collection type, the research was a survey. Data type
was mixed. The sampling method in this study was purposeful - judgmental. The population
of the expert group consisted of 18 managers and experts of nanotechnology companies
(licensed by the Nanotechnology Headquarters), professors and policymakers in the field of
research and development and nanotechnology. After studying pervious research, a semi-
structured questionnaire was designed in four dimensions and twelve sub-factors and at the
end of questionnaire, participants were asked to indicate if they had any recommendations.
Then, the questionnaires were distributed by e-mail to an expert panel; 10 questionnaires
were completed. At the end of the first round of questionnaires, the experts recommended
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that time be added to the sub-dimensions of time to market and product life cycle, as well as
the product / service and organization differentiation boundary.

Table 1. Average opinions of experts - Defuzzification in 1st round.

Situations Players Links Activities Time Boundaries
S1 Sz Sz Sn S1o Si Si2
S1 0.00 0.75 0.88 0.79 0.88 0.88
Sz 0.97 0.00 0.88 0.75 0.96 0.96
Sn
Su 0.96 0.75 096 0.75 0.96 0.00 0.88
S12 0.79 0.96 079 079 0.88 0.96 0.00

Therefore, in the second round, a new questionnaire was designed and provided to an
expert panel with previous comments. Since no comments were added in the comments
section in the second round and all scores were above 0.7, a third-round was held to decide
whether to stop or continue the Delphi rounds. Examination of defuzzification values
showed that all values were higher than 0.7 and the questionnaire factors were reliable.
After reaching an agreement among the members of the expert panel on the ecosystem
components, the causal relationships and the intensity of the relationships between the
factors were determined through the fuzzy cognitive mapping method by UCINET software
in the next stage.

. . Evaluating Degree of similarity Data fuzzy Data
Final matrix causal between concepts and (threshold values collection
drawing [€] T L \cep [ N
relationships evaluation of and membership
cimilarities dearee)
v v v v v
FCM | Final matrix < Relationshi_p power | g Fuzzy matrix ¢ Primgry
matrix matrix
Figure 1. Fuzzy cognitive mapping; Execution steps.
Results

The findings based on the agreement of the expert panel showed that the player
component had four sub-dimensions that consisted of financial, human, governance and
socio-economic ecosystems; the time component had two sub-dimensions of life cycle and
time to market; the boundaries component had two sub-dimensions of product/service and
organization borders; the activity component had three sub-dimensions of profitability,
performance and value creation; the position component had two sub-dimensions of status
and monopoly power; and finally, the link component had three sub-dimensions of industry,
university and government. It is noteworthy, that once the relational power matrix is
formed, some of the data in the matrix can be misleading because not all relationships in the
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matrix are always related and do not have a causal relationship. To form the final matrix, the
relationship matrix was examined by five experts and based on their opinions the
meaningless relationship between the factors was eliminated.

Table 2. The Matrix of the Power of Relationships in open R&D ecosystems - Research Findings.

Situations Players Time Boundaries
Situation glonorol LT ] Sn  Organizational Produ_cts/
power Ecosystem Ecosystem services
Situation 0.00 0.889 0.746 0.776 0.526 0.663
Monopoly 011 0.00 0.792 0.749 0.636 0.730
power
S'l
Organizational 0.36 0.40 0.45 0.47 0.00 0.23
Products/ 0.663 0.730 0.696 0.647 0.772 0.00
services

The graphical representation of the final matrix led to the creation of a fuzzy cognitive
map of the ecosystem in the field of nanotechnology. The drawing of the ecosystem network
through a valuable two-dimensional matrix using UCNET software is presented in the
following diagram.

Figure 2. Fuzzy cognitive mapping.
The findings demonstrated that profitability in terms of activity, monopoly power in
terms of position and industry in terms of interconnectedness are the top nodes in the

ecologists of open research and development in the field of nanotechnology.
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Conclusion

The study's initial phase results demonstrate that there are various activities, active
participants, and specific timeframes and interconnections in an open R&D ecosystem in the
field of nanotechnology. The position and circumstances of firms and research units are also
crucial components of this ecosystem, as well as distinct boundaries.

Table 3. Centrality criterion - rank centrality- Research Findings.

Level Node Code In-degree Out-degree In-ranking Out-ranking
Situation profitability 11 78222 78402 12.524 12.524
Situation = Monopoly power 2 76.939 77.996 12.310 12.479

Link Industry 9 77.516 77.58 12.403 12.413

Sl’l
Boundary  Organizational 16 63.923 57.461 10.228 9.194
Time Time to market 15 54.826 54.826 0.8.772 8.722

As presented in Table 3, profitability in terms of activity, monopoly power in terms of
position and industry in terms of connectivity were the top nodes in the open R&D
ecosystem in the field of nanotechnology. One of the important points of the table above is
that the overall dimensions of time and boundary are at the lowest level of ranking, while
the results of many studies have shown that the time to market and life cycle within an
ecosystem are necessary to produce new products/services or processes and leads to the
commercialization of research activities and the dissemination of knowledge in ecosystems.
Effective knowledge dissemination involves exchanging information with the ecosystem
and learning from interactions with other components in R&D and collaborative networks
and misunderstandings of boundaries in ecosystems can also make open R&D ecosystems
highly inefficient. This issue indicates the weakness of policy in this ecosystem because it is
contrary to the goals in the strategic document of Iran. Although in previous studies R&D
units have often been studied without considering the origin of ecosystem formation or the
independent and simultaneous impact of each component on ecosystems. However; in this
research, we presented not only explicit knowledge of the structure but also the reasons for
adopting policies and their impact on the existing structure. The use of a spiral process that
includes industry, university and government can strengthen this field and bring a deeper
understanding of the open ecosystem. What sets apart this study is its unique approach of
simultaneously using the perspectives of policymakers and stakeholders, combined with an
analysis of the current situation in the study area.

In previous studies, R&D units have often been studied without considering the origin of
ecosystem formation or the independent and simultaneous impact of each component on
ecosystems. What distinguishes this study from other studies is the simultaneous use of the
views of policymakers and stakeholders and its analysis of the current situation in the study
area. In this research, in addition to explicit knowledge of the structure, the reasons for
adopting policies and its impact on the existing structure were also presented.
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