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Abstract

Purpose –Technological entrepreneurship has been a very significant topic in recent decades. It has a crucial
role in economic modernization and growth. The need for technological entrepreneurship is because
technology-based industries are expanding rapidly and are replacing traditional industries. Therefore, this
study aimed at identifying the factors affecting the success of technological entrepreneurship in Iranian
nanotechnology businesses.
Design/methodology/approach –The research was conducted through mixed method. The participants in
the qualitative section included 17 university experts and executive managers in the field of nanotechnology in
Iran, and 75 nanotechnology business managers participated in the quantitative section. The interview and
questionnaire were used to collect information. In order to measure and fit the models, the confirmatory factor
analysis method and PLS3 software were used.
Findings – The results indicated that the key factors affecting the success of the technological
entrepreneurship process in nanotechnology were classified into five general categories: organizational,
environmental, institutional, individual and technology factors. Moreover, it was shown that all these
dimensions had a positive and significant effect on technological entrepreneurship. In addition, the
organizational dimension has an essential role.
Originality/value – Companies’ ability to engage technological entrepreneurship is a vital factor in human
resource management and strategic management. However, technological entrepreneurship in Iranian
nanotechnology businesses has not been involved integrally in the context of companies.

Keywords Entrepreneurship, Nanotechnology businesses, Technological entrepreneurship, Iran

Paper type Research paper

Introduction
Several researchers have focused on the concept of “entrepreneurship” to maintain and
improve the sustainability indicators of competitive advantage in organizations and
businesses (Tajeddini, 2010). Entrepreneurship is recognized as an essential factor in the
enhancement of the economic situation by creating new employment and income
opportunities (Chitsaz, Tajpour, Hosseini, Khorram & Zorrieh, 2019; Sabokro, Tajpour &
Hosseini, 2018). Furthermore, entrepreneurs who are aware of their acquired knowledge and
experience can seize business opportunities that often result from extensive knowledge of
specific industries, specific markets, customers and specific competitors, as well as various
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skills (Nikraftar &Hosseini, 2017). Entrepreneurship is also important in industries with high
technological opportunities because it can lead to company success, engagement in
entrepreneurship, and the simultaneous risk-taking of investment in product and technology
development (Schaper, 2016). Technology transfer, commercialization and the development
of a new product (the subject of technological entrepreneurship) can play an important role in
creating a competitive advantage for various technology companies and organizations
(Bridge & O’Neill, 2012). In addition, technological entrepreneurship must be recognized as a
multidimensional attribute (Linton & Xu, 2021). Accordingly, Bailetti (2012) states that the
field of technological entrepreneurship is comparable to different fields such as economics
and management in childhood; the researcher then considered technological
entrepreneurship as an investment in a project that is unique to individuals and collects
and expands complexities related to scientific advances and knowledge management
through its heterogeneous assets to create value in a company (Bailetti, 2012).

In addition, technological entrepreneurship is at the core of crucial negotiations and
discussions around the foundation and growth of companies, the region’s economic
development, the selection of proper stakeholders for the ideas, and training of managers,
engineers and scientists (Zhuo et al., 2018). The primary role of technological
entrepreneurship is to integrate high-quality people and heterogeneous assets. In other
words, it seeks to create and capture value for the company through shared experiences and
discovery (Bailetti, 2012). Technological entrepreneurship refers to the innovative
implementation of science and technical knowledge by an individual or a group of people
while creating and managing a business and taking financial risks to achieve their goals and
prospects (Etzkowitz & Zhou, 2017).

Moreover, today we are witnessing rapid changes in technology and the intensity of the
complexity of the environment (Salamzadeh, Tajpour & Hosseini, 2019). Proper insight into
the existing situationmight enablemanagers to recognizemarket realities and related rules, it
may also help them create new and valuable strategies (Saeeda Ardakani, Tajpour &
Hosseini, 2020).

Technology-based industries are expanding rapidly and are replacing traditional
industries; hence, it is imperative to develop technological entrepreneurship (Groen, Cook
& Van der Sijde, 2015). These changes and knowledge-based activities are sometimes
interpreted as the industrial revolution. According to the Organization for Economic
Cooperation, it is clear that the development of technology plays a significant role in economic
growth and development, while the emergence of technological entrepreneurship has led to
the emergence of small and medium-sized enterprises (Dahlstrand, 2007). Manufacturing can
revive, and technological management can be sought provided that national measures are
integrated with this topic. Hence, it might be manifested in a framework that includes
developed manufacturing leading to the establishment of policies pertinent to the particular
conditions of each country (Daudt & Willcox, 2018).

Since the early 2000s, the Iranian government has opted to encourage the shift toward a
knowledge-oriented economy by implementing different procedures. For this purpose, they
adopted the “Government’s Vision 2025” established in 2005 and involved various policies
regarding technology, revolution, and science (Naghizadeh, Allahy & Ranga, 2020). Iran has
also enacted new laws in 2010 supporting the foundation and improvement of SMEs as a
mediator between business and science. These enterprises can help introduce the new
products into the market and present the outcomes of the research and development (R&D)
departments in technological industries (Kanani & Goodarzi, 2017).

While small and medium enterprises (SMEs) intend to improve the range of activities and
the relatedmarket, their performance has been questioned by the competitive environment in
developing countries (Hosseini, Saeida Ardekani & Sabokro, 2020a). Besides, various factors
such as the lack of interacting and technical skills, incorrect selection of technology,
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insufficient obligation to learn novel technologies, as well as inadequate human capital have
affected the consistency of such enterprises with the progression rate in the technological
business in the world (Salisu & Bakar, 2019). Three factors of “the number of studies,” “the
quality of studies” and “the number of nanotechnology inventions” can determine Iran’s
position in the area of nanotechnology. Accordingly, authors selected the Web of Science
database as the statistical source, and the related studies would be searched, extracted, and
measured based on appropriate keywords. Moreover, the number of nanotechnology
inventions would be determined according to the reliable patent committees in the world,
including United States Patent and Trademark Office (USPTO) and Europe Patent Office
(EPO). Consequently, it was declared that Iran had registered 263 nanotechnology inventions
in these two committees by the end of 2019 (Navabakhsh, Navabakhsh & Shadnoosh, 2019).
In addition, Iran has registered 16 Nano-patents in USPTO, and 24 Nano-inventions have
been delivered to USPTO for further investigations throughout 2019. Accordingly, Iran
ranked 24th among the registered patents in USPTO in 2019 (www.nano.ir).

Despite the growing tendency toward technological entrepreneurship and SMEs have
attracted significant attention among the media and policymakers, there is still a little
research-based knowledge available accordingly. Existing studies have focused on some
concepts, ideas, and solutions; however, it is necessary to conduct further studies in this area,
given that technological entrepreneurship is a relatively new topic of research (Najjari,
Didehkhani, Mostaghimi & Hosseini, 2021). It is believed that lack of consensus on the
concept of technological entrepreneurship is regarded as the central issue because
researchers commonly regard it as the combination of the concepts of entrepreneurship
and technology where there is still no integrated definition for either of them (Babaei Fishani,
Khozain, Ziyae & Ashrafi, 2020). Furthermore, the field of technological entrepreneurship
needs further investigation in Iran due to the lack of political stability and economic
conditions, poor knowledge of managers and the lack of access to financial resources.
Moreover, given that technological businesses and SMEs are highly dependent on human
capital and exist in a competitive environment, it is necessary to conduct supplementary
studies accordingly (Keikhakohan, Akbari & Hejazi, 2020).

As a result, it is imperative to propose a model for the development of technological
entrepreneurship in order to provide integrated plans and policies accordingly (Bolzani,
Munari, Rasmussen&Toschi, 2021). Previous studies indicate that executive managers have
focused on the development and promotion of nanotechnology as an integral part of the
technological foundation in Iran; besides, the development of nano-technological
entrepreneurship requires a reliable and scientific model (Ghasemi, Navabakhsh &
Shadnoosh, 2019). The analysis of related scientific databases revealed that the
identification of crucial factors in technological entrepreneurship had been disregarded in
SMEs (Babaei Fishani et al., 2020). Consequently, the present research can contribute to filling
the existing gap in this field given that data are collected from the corporates involved in the
existing administrative plan supporting SMEs in Iran. The present research employs the
Smart Specialization concept to encourage local improvement as a result of determining local
potential and significant ventures that can help promote its competitive advantage.
Consequently, it is likely to observe the establishment of the nanotechnology industry in
developing areas that might result in entrepreneurship policies and prominent innovation in
the region (Hosseininia, Yaghoubi Farani & Afshar, 2014).

Hence, this study can help expand the literature in the field of technological
entrepreneurship and make a relationship with the innovative nanotechnology industry. It
will also indicate that technology, peripheral knowledge, resources and collaborations can
lead to the enhancement of businesses. This study highlights the potential relationship
between technological entrepreneurship and the concept of business. The authors can also
claim that there is no similar study on the mediating role of contextual elements in this
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relationship. Thus, this study aims to identify the influential factors in the successful
performance of technological entrepreneurship in small and medium enterprises among
Iranian nanotechnology-based corporates.

Literature review
Entrepreneurship and its types
Entrepreneurship refers to the fundamental driving force in economic development through
creating novelty and new combinations ofmaterials (Nikraftar, Hosseini&Moghadam, 2016).
Entrepreneurship is largely focused on respective behaviors and decisions, exploration and
exploitation of opportunities, as well as development and implementation of resources, which
is necessary for the formation of a profitable business (Tajpour&Hosseini, 2021a). Given that
rebuilding strategies and innovation in organizations are based on identification and
exploitation of opportunities requiring resources that are not necessarily available to
entrepreneurs, all the components of entrepreneurship are significant (Bordbar, Monfared,
Sabokro, Dehghani&Hosseini, 2021). Therefore, entrepreneurship can be regarded as a set of
strategic decisions and behaviors (Tajpour, 2021). In general, there are two types of
entrepreneurships as follows: individual entrepreneurship, where the entrepreneur attempts
to conduct entrepreneurship behaviors independently; corporate entrepreneurship, which
can be defined as organizational entrepreneurship or entrepreneurship organization. The
former refers to the process in which the entrepreneur explores and exploits new products,
activities, procedures and technologies with the help of the organization. Consequently,
entrepreneurship measures do not take place in isolation and are affected by institutional and
governmental factors, business environment, as well as macro-economic conditions (Autio &
Rannikko, 2016). Therefore, productive entrepreneurship is the ultimate objective of
entrepreneurship policies in different countries, which can lead to economic development. In
addition, entrepreneurship is considered as a strategy for commercialization of novel ideas
and new technologies (Entezari, 2015).

Previous studies in Iran concludes that technology refers to a strong source of competitive
advantage that can modify optimal conditions in business affairs (Ziyae, Sadeghi, Nejad &
Tajpour, 2021). Technological features are reliant on science including constructive and
multidimensional designs that are associated with values formed by society (Najjari,
Didehkhani, Mostaghimi & Hosseini, 2021). As a primary factor in creating individual and
national wealth, the role of technological entrepreneurship has increased significantly during
the past decades. Technological entrepreneurship measures can play a central role as
technological innovations in developed economies and in the renovation of developing
economies. Concerning the relationship between entrepreneurship and research-based
technology, it can be noted that entrepreneurship can lead to innovation in new products,
meeting social needs, creating jobs, as well as profitability of individuals and companies as a
result of technological development (Najjari, Didehkhani, Mostaghimi & Hosseini, 2021).
Hence, technological entrepreneurship in SMEs can lead to innovative processes, increasing
competitive advantage and sustainable activities in international business environment
(Tajpour & Hosseini, 2021b).

Technological entrepreneurship: theories, elements and consequences
Technological entrepreneurship involves the process of creating, exploiting and developing
new technological opportunities in the marketplace (Machnik-Słomka & Kordel, 2016).
Technological entrepreneurship may define the possibilities of creating new products,
introducing these products to the market and selling them at a price higher than production
costs (Petti & Zhang, 2011). Technological entrepreneurship refers to the potential in
technological opportunities to successfully create successful businesses (Petti & Zhang, 2011).

Technological
entrepreneurship

79



Technological entrepreneurship is not just about discovering pre-existing options by
conscious people and thinking about the future of their process (Tajpour, Hosseini &
Moghaddm, 2018). Instead, it involves creating new options by re-combining and
transforming existing resources. These processes can be manifested in different ways
depending on the initial conditions and future dynamics. Technology entrepreneurship can
focus on humans’ role in shaping new technologies (Garud & Karnøe, 2003).

Technological entrepreneurship is a factor contributing to the success and prosperity of
the individual, the company, the region and the nation (Bailetti, 2012). Technology
entrepreneurship has many interactive dimensions. First, it is not just about discovery and
thinking, it is about creation. Second, these actors affect the inputs, and third, these processes
can vary depending on the type of technology path, and each provides a specific logic (Garud
&Karnøe, 2003). Technological entrepreneurship is the innovative application of science and
technology by an individual or group of people who create and manage a business and take
financial risks to achieve their goals and prospects (Prodan, 2007). It can be argued that the
technological entrepreneurship literature is on the way to development when the relationship
between micro and macro factors between technological opportunities and entrepreneurial
performance is examined. Petti and Zhang (2011) believed that the crucial role of technology
in the growth of entrepreneurship in the first step was to work on the analysis of
commercialization logic. Explaining the underlying mechanisms for understanding the
nature of technological entrepreneurship is secondary. As a result, individuals and
corporates intend to get involved in new businesses with the novel market based on a
variety of strategies, including technological entrepreneurship (Soleimanpour, Hosseini &
Mirdamadi, 2013); it refers to the approaches used to explore and implement technology-
oriented opportunities in the market. Hence, the central objective of these companies is to
thrive in the new business rather thanmerely earningmoney (Keikhakohan, Akbari &Hejazi,
2020). Also, what distinguishes technological entrepreneurship from other types of
entrepreneurship such as social entrepreneurship, small business management and self-
employment are shared experiences and the production of new products, assets and their
features that are complex to advance scientific and technical knowledge and property rights
of the company’s assets (Evers, Cunningham & Hoholm, 2014).

Technological entrepreneurship in emerging markets, with a focus on its challenges in these
specific contexts
It is believed that economic growth can be accelerated by small and medium enterprises,
given that they are capable of creating wealth, increasing wages and creating job
opportunities in different areas (Naghizadeh, Allahy & Ranga, 2020). In addition, innovative
enterprises are more likely to develop and can also have enhanced performance compared to
other companies (Phan, Mian & Lamine, 2016). Given that such companies can diminish the
immigration of talents, help improve the economy and provide technical occupational
opportunities, they can play a significant role in the local innovation system (Kanani &
Goodarzi, 2017). Moreover, SMEs are required to develop entrepreneurial foundations at the
beginning stages that are regarded as a sustainable and competitive local system in
the global market (Fern�andez-Serrano, Mart�ınez-Rom�an & Romero, 2019). Accordingly, the
government should propose appropriately integrated policies, either at the local level or
within the country, to meet SMEs’ demands and help establish new enterprises (European
Commission, 2012). Since many enterprises, including SMEs, do not interact with state
organizations and/or universities regularly, it is highly significant to pursue this objective in
developing countries (Tajpour & Hosseini, 2020).

Development and growth have always been themain focus of the policies and programs of
different countries, and two critical ways to pursue it have been to provide optimal conditions
for entrepreneurship as well as the development of technologies (Isenberg, 2011). Given that
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administrative enterprises can facilitate research and development in science and technology,
it is likely to witness a shift within the legal context of novelty, science and technology; they
can also reinforce the industry-university collaboration (Cota, Aguiar, de Souza Neto &
Benegas, 2020). Moreover, such relationships might be regarded as central while improving
organizations, developing social and economic foundations and transferring knowledge and
innovation (Ribeiro & Nagano, 2018). The research and development (R&D) department is
not well-established in developing countries. Besides, governmental organizations, the public
sector and research universities and associations mainly conduct related activities (Tajpour,
Hosseini & Salamzadeh, 2020a).

Nonetheless, there are infrequent interactions between research activities and teaching
objectives, such as cooperation among industry, government and university (Liefner &
Schiller, 2008). Researchers are used to conducting studies and discuss their findings with
other academicians; however, it is difficult to include the cooperative paradigm into the
conventional role that is imagined for the scholars (Ribeiro & Nagano, 2018). Although the
pursuit of entrepreneurship and technology is important, the combination of the two is
known as technological entrepreneurship and has the most significant impact on
development, competitiveness, welfare, progress, and even justice in different societies
(Siyanbola, Aderemi, Egbetokun & Sanni, 2011). Undoubtedly, the emergence of
technological entrepreneurship depends on the existence of favorable conditions and a
suitable ground that is necessary to identify and explain it according to the specific national
and regional characteristics (Nikraftar & Hosseini, 2016).

Iran, with unique features such as substantial natural resources, young and educated
human capital, and semi-governmental economic structure that seeks to achieve
performance-oriented growth (Safari, 2018), in general, is faced with relative backwardness
in the context of entrepreneurship and technology, and more specifically in the context of
technological entrepreneurship as an essential way to achieve growth and development
(Tajpour, Hosseini & Alizadeh, 2021). Significant problems and weaknesses in this regard
include severe weakness in government policies and operational plans, underdeveloped
commercial and legal infrastructure, and insufficient funding, as well as a weakness in the
innovation index (Monitor, 2016) and technology preparedness (Safari, 2018). In addition,
such shortcomings have been noticed in field studies such as the report of the Iranian
Entrepreneurship Association (2013). Compared to developed countries, these countries are
more vulnerable due to various factors such as more investment risks, significantly lower
capital entries, dependence on tourism and export, as well as fewer systematic markets. As a
result, they may reasonably disregard SEMs, particularly startup businesses in some
countries, including Iran (Salamzadeh & Dana, 2020). Interestingly, small and medium
enterprises are developed although Iran is experiencing severe sanctions and different
limitations that are mainly influential in the entrepreneurship domain (Salamzadeh &Kesim,
2017). Therefore, attention to knowledge-based enterprise in nanotechnology, which can be
important in the development of the country, has been considered by researchers in this
article.

Technological entrepreneurship in nano biotechnology industry: a review of past studies
Nanotechnology can produce new materials, tools, and systems by taking control at the
molecular and atomic levels using properties that appear at those levels (www.nano.ir). For
nanotechnology, applications in medical diagnosis, food, medicine, biotechnology,
environment, energy, chemistry, physics, etc., have been considered, which makes this
technology a transcendental and trans-sectoral field (Acharya & Pal, 2020).

These technologies are central for adapting to local conditions, promoting the effective
exploitation of resources, and helping improve standards of living considering the least
negative influence on the environment (Iqbal, Tehseen, Anwar, Masooma & Bashir, 2020).
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However, stimulus strategies that have been proposed by the government in developing
countries are assumed unsatisfactory during the past three decades. Therefore, private sector
is required to take part in nanotechnology commercialization efforts. However, the role of the
government regarding the direction of technology dissemination has altered, and it is now
adopting policies and procedures to improve the shift of technology to the private sector
(Balachandra, Nathan & Reddy, 2010).

Given that nanotechnology was recognized as a nationally significant technology in 2003,
a particular committee was developed to pursue the enhancement of nanotechnology in Iran.
They aimed to propose a framework for long-term activities in this field in Iran, and the
government developed and declared a ten-year strategic plan for nanotechnology in August
2005. The “Future Strategic Plan” document would consider Iran among the top 15 countries
in nanotechnology in the globe, and it would intend to promote this position to create wealth
and improve the quality of life for the people (www.nano.ir).

Based on the implementation of the “Future Strategic Plan” document within two 3-year
stages, the respective committee decided to make some modifications to improve the plans
and proposed a complementary document to be implemented for another three years from
2010 to 2013 (www.nano.ir). The new document highlighted an integral tendency to
commercialization and industrial development based on nanotechnology (Navabakhsh,
Navabakhsh & Shadnoosh, 2019). The basic eight plans in the complementary document
included: encouraging and promoting the general knowledge about nanotechnology to
enhance the stakeholders’ participation in the development and exploitation of
nanotechnology; developing and supporting necessary infrastructures for a
comprehensive, timely, balanced and stable expansion of nanotechnology (Navabakhsh,
Navabakhsh & Shadnoosh, 2019); promoting international interactions and collaborations;
developing and employing human resource capital regarding nanotechnology as well as
promoting problem-oriented research; implementing purposeful nanotechnology studies to
achieve central technologies; facilitating commercialization through necessary technological
services for technologists and SMEs; improving industries using nanotechnology and
expanding its market (Navabakhsh, Navabakhsh & Shadnoosh, 2019); as well as making
policies and evaluating objectives, strategies, policies, plans, and nanotechnology
institutions. Furthermore, the committee decided to form an executive panel concerning
each plan (Navabakhsh, Navabakhsh & Shadnoosh, 2019).

It can also be said that the basis of technological entrepreneurship is reflected in a system
whose actors are interacting in a series of activities related to technology identification and
development, opportunity identification, product development and business creation (Phan,
Mian & Lamine, 2016). Environmental entrepreneurship capacities are inextricably linked
and influenced by the environment inwhich they are developed. This environment consists of
specific local conditions and a combination of relationship and institutional configurations
that affect the development of technology and entrepreneurship (Evers, Cunningham &
Hoholm, 2014). Perhaps one of the salient features of this research is that researchers seek to
conduct comprehensive research using both qualitative and quantitative approaches to
identifying factors influencing the success of knowledge-based enterprise nanotechnology
to make the results more reliable and generalizable to identify these key factors in
organizations.

Research methods
It was an applied mixed method (qualitative-quantitative) study. Mixed methods research
using a combination of open and closed data and qualitative and quantitative variables.
Moreover, it was sequential mixed research. Qualitative and quantitative research is
performed sequentially in this type of research, and finally, the results are expressed in
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combination. In this type of research plan, qualitative data are given more importance to gain
a real insight regarding the issues and the nature of the topic (Cresswell, 1998). Thismay refer
to some authentic experiences pertinent to the issues under examination that are particularly
helpful while describing hidden and unanticipated subjects. It can also be influential for
specific research (Palalic, 2017). Besides, we decided to apply this method because the core
objective is to choose the individuals who are acquainted with such phenomena.

Consequently, it will be easier to comprehend the topic so that the samples can provide
appropriate answers accordingly (Hosseini, Saeida Ardekani & Sabokro, 2020a, b). It is also
recommended because of the objective of the study and the internal judgment. Unlike
quantitative studies, qualitative research is less likely to provide arranged procedures,
particularly in terms of sampling (Palalic, 2017). In addition, in the data collection sequence,
first qualitative data and then quantitative data are collected. Finally, based on the findings
fromqualitative data, the researcher tried to collect quantitative data tomake generalizability
possible. In this research, the literature was first reviewed. Then, the significant factors for
the success of the enterprise in nanotechnology were identified. Moreover, the quantitative
data were collected through questionnaires.

Qualitative section
In the qualitative part, to identify the success factors of nanotechnology businesses, the
opinion of experts was collected through the interview method. The statistical population
included university experts in nanotechnology and technological entrepreneurship and
executives of knowledge enterprise, and theoretical saturation was used to confirm the
number of samples. Thus, nine university experts were selected from Iranian public
universities who were associate professors and above by snowball method. Besides, 8
managers of nanotechnology businesses with over five years of management experience
provided that respective surveys and research projects have been conducted on technological
entrepreneurship and nanotechnology. Moreover, semi-structured in-depth interviews were
conducted to collect the data. A qualitative coding method was also implemented to analyze
the data. The interview questions focused on entrepreneurial technology in nanotechnology
businesses. The sequence of questions was not the same for all participants and depended on
the interview process. There was not a pre-constructed pattern in the design of the interview
questions. The researchers tried to conduct each interview focused on obtaining qualitative
data independently and exploratory, regardless of past findings, and analyzing the results
without any specific manipulation or mental model. The interviews were conducted in the
form of individual meetings in presence, and the procedure continued until theoretical
saturation was reached (see Figure 1).

In the present study, the questions were mainly formed with the following six wh-question
marks: how, what, why, when, where and who (Hosseini, Saeida Ardekani, Sabokro &
Alhosseini Almodarresi, 2021). There were eight questions in this stage; for instance, “What
are the effective indicators of technological entrepreneurship in nanotechnology businesses?”,
“What are the implications of technological entrepreneurship in nanotechnology businesses?”,
and “What are the factors that facilitate technological entrepreneurship in nanotechnology
businesses?”. Each interviewwould be performed for 35-55 minutes on average; besides, axial
and open coding approaches were used accordingly. Furthermore, the validity of research
instruments was evaluated based on the following steps:

(1) Validation by participants: they were asked to review the secondary coding stage and
provide their opinions accordingly;

(2) Peer review: respective professors were asked to examine the findings and express
their views on the coding process;

Technological
entrepreneurship

83



(3) Participatory research: research samples were invited to offer their opinions on the
interpretation and analysis of the data; and

(4) Pluralism: it refers to the variety of participants (university experts and managers of
nanotechnology), i.e. the samples belonged to different cultures and social levels.

Table 1 indicates that the inter-coders reliability coefficient was measured 74%. In addition,
the reliability of the present research was assessed based on the experts’ opinions and
evaluations using the following formulae:

C:R: ¼ ð2MÞ
ðN1þ N2Þ

where CR refers to the reliability,M refers to the number of codes based on consensus, andN1
and N2 refer to the first and second decisions.

The authors aimed to apply a process theory to provide efficient solutions for the
problems regarding the grounded theory and explain the potential interactions over time.
According to Strauss and Corbin, grounded theory approach requires researchers to continue
the coding process until the selective coding stage. Hence, they are expected to develop

Components
Reliability
coefficient

Weight of each
component

Reliability coefficient:
Weight of each

indicator
Reliability

coefficient average

Technology
dimension

0.75 0.93 0.70 0.74

Environmental
dimension

0.91 0.80 0.73

Individual dimension 0.86 0.72 0.62
Organizational
dimension

0.83 0.94 0.78

Technological
entrepreneurship

0.78 0.87 0.68

Institutional
dimension

0.92 1.02 0.94

Study of the related 
literature 

Extracting the framework 
for the research foundation

Programming and planning 
and defining the process of 

research methodology 

Interviewing and 
Documenting 

Analyzing the interview 
and completing or 

confirming the framework 

Hypothesizing 

Developing the 
questionnaire and 

distributing it among the 
sample 

Analyzing the 
quantitative data 

Conclusion and 
Recommendations 

Table 1.
Reliability coefficient

Figure 1.
Research processes
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a theory throughout the data collection stages (Hosseini, Saeida Ardekani & Sabokro,
2020a, b).

The clarification of model development process for technological
entrepreneurship
Three approaches of design, adaptation and adaptation-design are commonly applied to
develop technological entrepreneurship patterns. Nonetheless, the present study used the
design approach. As a result, respectivemodel development andmodel assessment processes
among Iranian nanotechnology enterprises were performed based on the following stages:

(1) Preliminary planning

This stage includes the determination of values and paradigms, philosophical grounds,
strategies and objectives for technological entrepreneurship, components and the
implementation of the model, and approaches. It also contains participants, extraction
criteria and procedures.

(2) Preparing a preliminary list of technological entrepreneurship using individual
interviews:

This stage refers to the implementation of interviews to determine underlying factors in
technological entrepreneurship. Then, these components will be extracted based on the
analysis of experts’ opinions, and the initial list will be developed accordingly. Theoretical
saturation was reached after performing 17 interviews in this study, and the demographic
characteristics of participants such as age, education and gender, are provided in Table 2.

(3) Comparing the obtained list with the lists and the pattern of technological
entrepreneurship

Open and selected coding processes were used for the analysis of qualitative data. It is also
noteworthy that these two steps are interconnected and may occur together (Tajpour,
Kawamorita, & Demiryurek, 2020b). At first, appropriate titles were assigned to primary
themes, and respective categories were developed accordingly. Eventually, the principal

Interviewees code Age Gender Degree Major

P1 52 Male PhD Entrepreneurship
P2 38 Male PhD Polymer Engineering
P3 43 Male MA Medical
P4 34 Female PhD Physics
P5 61 Female PhD Materials Engineering
P6 58 Male MA Medical
P7 63 Male MA Chemical Engineering
P8 47 Male PhD Environment
P9 52 Male PhD Agricultural Engineering
P10 47 Male MA Management
P11 39 Male PhD Engineering
P12 41 Male PhD Entrepreneurship
P13 46 Female MA Management
P14 50 Female MA Electrical Engineering
P15 37 Female PhD Entrepreneurship
P16 45 Female MA Management
P17 39 Female PhD Materials Engineering

Table 2.
Demographic
characteristics
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category was extracted based on the relationships between the primary categories, which
could lead to the development of a theory to illuminate the issue.

Irrespective of the potential relationships, several codes will be extracted in the open
coding stage (Cresswell, 1998). A line-by-line approach was used to conduct open coding
where the data were collected inside the study setting and analyzed externally. It is also
noteworthy that the data will be assessed meticulously in this approach. At this stage, the
ultimate code was extracted due to integrating open codes with the researcher’s notes. In the
next step, i.e. axial coding, the codes were integrated based on categorization. Then,
relationships between the codes were explained using selective coding (Denzin &
Lincoln, 2005).

Ultimately, the researchers would compare primary codes with the outcomes of previous
studies in order to extract new components. These components were then added to the
original list of technological entrepreneurship. The final list (No. 2) of the extracted codes was
formed after reviewing the content and analyzing the sources.

(4) Providing a definition for technological entrepreneurship concepts:

This step includes researchers’ evaluation of the technological entrepreneurship assigned to
lists No. 1 and 2. After integrating the results of the interviews with other resources, the final
draft for the entrepreneurship index was formed. The categorization of extracted codes was
performed using conceptual correspondence, respectively (see Table 3).

(5) Evaluating and refining the list of technological entrepreneurship

The narrative approach was implemented to collect the data from the individual interviews.
For this purpose, the Delphi method was applied for model development as follows: At first, a
Delphi panel was developed, and samples were identified after providing a comprehensive
explanation of the objectives and problem of the present research. Selected experts would
then receive an invitation along with the central components and practical factors in order to
comment on the need to add to or reduce the proposed components. The second stage
included the development of a questionnaire for technological entrepreneurship components;
this instrument was designed according to the results of previous studies in the literature as
well as in-depth exploratory interviews. The questionnaire was sent to the panel of experts to
receive their constructive feedback. Eventually, the ultimate model of technological
entrepreneurship for Iranian nanotechnology enterprises was developed when the experts

Behavioral evidence Extracted codes

Organizational strategies should be developed according to the
customers’ needs after consulting the members. The objectives and
strategies of each field should be determined and defined. Providing a
proper definition of the objectives at early stages may help achieve the
goals in the future. Thus, there is a need for appropriate strategies in
order to adapt technology to the market

Developing strategies based on the
customers’ needs
Developing strategies consistent
with technology

Proper and timely implementation of activities and processes (e.g.
research and development, developing and modifying strategies,
marketing, as well as developing human and financial resources) are
highly significant among SMEs
We allocate considerable money for the implementation phase, but not
for research in Iran. Nonetheless, research can be regarded as the
executive guarantee for the projects. Therefore, the appropriate
classification, planning and implementation of central and
complementary processes may lead to organizational success

Performing duties accurately
Enhancing human resources
Highlighting research and
development

Table 3.
Behavioral evidence
from the interviews for
the initial coding
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assessed the items. The interviews were stopped after obtaining data saturation and the data
were categorized into different groups. The final model contained 43 selected codes as well as
127 open codes (see Table 4).

Quantitative section
Eleven nanotechnology-oriented companies, including manufacturers of nanotechnology
products, manufacturers of nanotechnology equipment, product development companies,
patent service companies, policymaking institutions, nanotechnology research centers,
nanotechnology laboratories, as well as market development companies, were taken into
account by the authors in the quantitative phase. In the end, 96 companies with high research
ranks were identified by the president scientific department, and the statistical population
included all the 96 managers of the selected companies.

In the quantitative analysis, using the interview results and its coding and after the
validity test, a questionnaire was prepared and sent to 75 experts andmanagers of the Special
Staff for the Development of Nanotechnology and Knowledge Enterprise Nanotechnology.
The required sample size was estimated 75 according to Cochran’s formulae. Consequently,
75 questionnaires were distributed among available managers and experts in SMEs. All the
questionnaires were completed and analyzed accordingly.

Based on the analysis of the quantitative phase, 62% of the respondents were male and
37%were female; besides, 93%hold a Ph.D. degree and 6%hold aMaster’s degree.Moreover,
12% of the participants were single and 87% were married. Finally, 25% of the respondents
had 5 years of experience, 50% had between 5 and 10 years of experience, and 25% had over
10 years of experience.

The questionnaire was completed by 75 participants and the data were analyzed using
PLS3 software. Since the normal distribution is not mandatory, the authors employed this
software where the sample size was lower than two hundred (Tajpour, Hosseini & Alizadeh,
2021). Partial least square method was employed to assess the reliability of the questionnaire.
For this purpose, confidence and composite reliability were measured. Studies showed that
the Cronbach’s alpha coefficient and the composite reliability were more significant than the
acceptable value of 0.7 for the entire constructs. Moreover, the obtained average extracted
variance (AVE) and common reliability was reported higher than the minimum acceptable
values of 0.5 for all the constructs. Therefore, the constructs of the present study converge in
the desired way (Nikraftar &Hosseini, 2017). According to Table 5, because all indicators had
an AVE above 0.5, convergent validity was established in all indicators.

The average variance index was used to measure the divergent validity. Accordingly, the
AVE should be greater than the variance between that construct or variable and other
constructs or variables (Hosseini, Tajpour, & Lashkarbooluki, 2020c). In other words, the
square root of the mean of the absolute extracted variance of the correlation between that
variable and the other variables of that model was larger.

Based on the results of SmartPLS3 software in Tables 5 and 6, the validity (convergent
and divergent) and reliability (combined reliability coefficient and Cronbach’s alpha) of the
measurement model were appropriate. Different criteria were applied to assess the fitness of
the structural model through the least partial square method, which is the first and most
essential criterion of significant coefficients or T-statistical values (Tajpour, Hosseini, &
Salamzadeh, 2020a). The fitness of the structural model using T-coefficient values should be
higher than 1.96 to indicate acceptable fitness for the structural model at 95% confidence
level. Figure 2 indicates the validity and significance of all paths between the variables of
the model.

The R2 coefficient was also used to examine the appropriateness of the structural model
and refers to the latent endogenous variables. The R2 can help evaluate the effect of
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Main dimensions Components Selected codes

Organizational
dimension

The soft and hard
infrastructure of the
organization

Knowledge and information
Research and development
Work team and office space

Organization resources Financial and capital resources
Human resources
Organization technology

Organization strategy Product development strategies
Business strategies
Market strategies

Organizational management Entrepreneurial management
Logical management
Innovative management

Organizational structure Flexible organizational structure
Hierarchical organizational structure
Technology-based organizational structure

Organizational process Institutionalizing the process of researching and
developing a new product
Existence of research and development process

Environmental
dimension

Government Domestic product protection laws
Tax and customs laws
The level of government culture in the field of
nanotechnology

Market and capital Market infrastructure and complementary
technologies
Market demand for products
Competitiveness level
Facilitate the provision of loans and facilities to
nanotechnology manufacturers

Intellectual property support Intellectual property and trademark registration
organization
Intellectual property rights protection organization

Standard organization and
licensing

International organizations licensing
Scientific and technological licensing organizations
for nanotechnology activities

Technological
dimension

Technology factors The proportion of the process of designing and
developing a new product with the type of
technology
Existence of technology transfer and localization
infrastructure
Tools and management needed to turn knowledge
into technology

Individual
dimension

Individual factors Personal experiences and motivations
Individual networks
Individual and personality abilities and skills

Institutional
dimension

Academic institutions Intellectual property support centers in
nanotechnology
Technology transfer centers
Nanotechnology research centers

Consulting institutions Industrial consulting clinics
Scientific and research towns
Entrepreneurship clinics

Financial institutions Researcher support fund
Investment support fund
National Elite foundation

Table 4.
Factors influencing the
success of
technological
entrepreneurship in the
field of nanotechnology
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exogenous variables on an endogenous variable where the values of 0.19, 0.33 and 0.67 are
regarded as weak, moderate, and R2 solid values (Fornell & Larcker, 1981).

These criteria are depicted in the structural model of the research; since there was a latent
endogenous variable in the present model, the value of zero was regarded for the other five
circles. Figure 3 reveals that the R2 criterion was greater than 0.33 (indicating strong values);
thus, the structural model was appropriate from the perspective of this criterion.

AVE Rho-A CR Cronbach’s alpha R2

Technology 0.839 0.940 0.927 0.904 –
Environment 0.666 0.888 0.720 0.867 –
Individual 0.811 0.928 0.915 0.886 –
Organizational 0.703 0.716 0.958 0.712 –
Technological entrepreneurship 0.600 0.856 0.795 0.777 0.574
Institutional 0.782 0.935 0.938 0.907 –

1 2 3 4 5 6

Technology 0.916
Environment 0.723 0.816
Individual 0.773 0.786 0.901
Organizational 0.506 0.476 0.523 0.687
Technological entrepreneurship 0.229 0.366 0.226 0.635 0.775
Institutional 0.829 0.803 0.808 0.561 0.265 0.885

Table 5.
AVE, combined
reliability, and

Cronbach’s alpha

Table 6.
Divergent validity of

latent variables

Figure 2.
T-statistics
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Goodness of fit (GOF)
The general model includes both measurement and structural model sections, and by
confirming its fitness, the fitness is examined in the complete model. Consequently, the
overall fitness of the model is conceivable according to GOF fitness (Fornell & Larcker, 1981).
The overall fitness of the model was very appropriate and approved since the obtained value
of GOF was 0.708. Besides, the three values of 0.01, 0.25, and 0.36 were regarded as the weak,
medium, and strong values for GOF (Fornell & Larcker, 1981). Therefore, the obtained value
of 0.708 indicates a strong fitness of the overall research model. Based on the results, the
fitness of the recommended model was confirmed in two parts, measurement and structure.

Testing hypotheses
T-statistics were employed to investigate the expected relationships between the variables.
Five sub-hypotheses have been used to measure the main hypothesis, and as Table 7 shows,
the T-factor for the five existing relationships has been confirmed that is an affirmation for
the central hypothesis. Standardized factor loadwas used to determine the effect of predictive

No Path t-statistics Effect size Hypothesis test

1 Technological entrepreneurship – Organizational 3.609 0.802 Confirmed
2 Technological entrepreneurship – Environmental 2.524 0.503 Confirmed
3 Technological entrepreneurship – Institutional 2.004 0.289 Confirmed
4 Technological entrepreneurship – Technological 2.282 0.064 Confirmed
5 Technological entrepreneurship – Individual 2.353 0.306 Confirmed

Figure 3.
Model in standard
coefficient load factor

Table 7.
T-Statistics and effect
size coefficients
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variables on dependent variables regarding the pathways of each hypothesis. The obtained
coefficients indicated that changes in dependent variables can be partly explained by
independent variables.

The results showed that theT-statistic for all paths was higher than 1.96, which indicated
the confirmation of the hypotheses; therefore, with 95% confidence, it can be said that the
factors affecting technological entrepreneurship had a positive and significant effect.

Discussion
The primary purpose of the researchwas to identify the key factors influencing the success of
technological entrepreneurship in nanotechnology. The key factors affecting the success of
the technological entrepreneurship process in knowledge enterprise in the field
of nanotechnology were identified and the data were classified into five general categories,
including organizational, environmental, institutional, individual and technological
dimensions. The finding of the present study was incongruent with the study done
by Keikhakohan, Akbari and Hejazi (2020), Kanani and Goodarzi (2017). However, the
findings contradict the results of Naghizadeh, Allahy and Ranga (2020) study. They found
that economic and commercial components have crucial roles in technological
entrepreneurship.

Moreover, the results revealed that environmental and organizational factors have the
most significant impact on technological entrepreneurship. The environment includes both
the industry in which the business operates and the macro environment, including
government and its policies. Based on, the environment in which a business operates affects
the success of its idea. The impact of the environment on business is such that the manager
wants to respond it creatively.

Other factors influencing technology entrepreneurship are organizational factors such as
organizational strategy and management. Studies show that organizational factors such as
organizational structure, strategy and managerial support are essential to boosting
entrepreneurship in business. The present study fills the scientific gap (Maine, 2014), what
influences uncertainty between idea discovery and production in knowledge-based
businesses (Covin & Slevin, 1991). Therefore, the results pointed that taking advantage of
internal capabilities such as workforce and financial power will help nanotechnology SMEs
in Iran succeed. Using targeted training to train professionals who can provide expertise in
this area can be effective. The organization must take steps to achieve its goals by
strengthening collaboration between employees and creating the proper organizational
structure that responds to rapid and sudden changes.

The individual components refer to characteristics and capabilities of the staff. According
to Shane and Venkataraman (2000) as well as Ghasemi, Navabakhsh and Shadnoosh (2019),
these components may include high risk-taking, ambiguity tolerance, self-confidence,
resilience and feeling implacable. Besides, it can be said that enterprises should improve their
staffs’ abilities and skills. Accordingly, Salamzadeh, Tajpour and Hosseini (2020) asserted
that individuals should attempt to promote their skills and capabilities through acquiring
knowledge and experience and to collect, transfer, and select the necessary information and
resources through academic and non-academic courses. They are also suggested to improve
their social relationships in order to identify opportunities that may arise from environmental
changes. This will help nanotechnology enterprises in Iran gain pertinent experience and
resist negative effects of environmental threats.

In addition, unemployment that is one of the most critical problems of the country will be
partially solved by creating institutions that teach technological entrepreneurship skills.
Moreover, by increasing the motivation of individuals and forming group networks to start a
business in this field, an effective step can be taken in the success of these businesses.
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Yan, Li and Zhang (2021) believed that, given that SMEs include innovative and flexible
networks that facilitate marketing and investment, they can lead to future success in the
ground-breaking environment. Moreover, Salamzadeh, Tajpour and Hosseini (2020) believed
that enterprises should take into account the customers’ demands such as establishing a
personal approach and building intelligent, innovative, and reciprocal relationships which
include sympathy. Therefore, SMEs in the field of nanotechnology in Iran are alsomore likely
to attract investment and facilities authorize related projects, and obtain competitive
advantage as a result of establishing such networks, appropriate perception of technological
entrepreneurship, development of necessary grounds for investment, development of intra-
organizational relationships, providing consultations and adaption of market demands with
the novel technologies in the region.

Regarding the institutional component, it can be stated that policymakers must pass
policies in supporting that technological entrepreneurship in SMEs in the field of
nanotechnology. The government must support domestic production, amend tax laws,
insurance laws and enact protectionist laws, optimize technology policies, financial policies,
market policies and increase policies related to international interactions and the level of
culture in nanotechnology to develop technological entrepreneurship in these companies. The
government’s policies should be based on increasing the technology absorption coefficient,
increasing market demand for products in this area, and developing market policies in
nanotechnology. Furthermore, Bahrami, Azizi, Badizadeh and Rezghi Shirsavar (2019)
claimed that systematic implementation of research and development programs can lead to
greater institutional success.Workforce should be trained by universities, and policies should
be based on increasing the professional force needed to create a competitive advantage. As
society’s awareness grows, we should increase the size of the market in terms of product and
service development. Shane and Venkataraman (2000) as well as Reynolds, Camp, Bygrave,
Autio andHay (2002) highlighted the government’s role in supplying infrastructures, offering
financial support, and providing necessary information and instructions. Therefore,
governments should attempt to develop capital through risky investors to improve the
capital, organizations and companies’ condition. Kim, Yang, Lessmann, Ma, Sung and
Johnson (2020) declared that the crucial policy should be to facilitate the provision of loans to
technology producers and increase the number of foreign investment and help the Nano
investment fund in any way possible. Accordingly, it is noteworthy that the government has
taken the following steps to help enhance nanotechnology enterprises in Iran: revising the
laws in order to provide legal and facilitating grounds for these enterprises, developing
proper inter-organizational relationships to gain scientific and technological empowerment,
and reducing or removing bureaucracy.

The enhancement of risky investment requires institutional modifications and
policymakers can play a crucial role in this regard. Hence, it is recommended that
policymakers should attempt to reform the institutions through motivating respective
improvement and creating interactions between the investors and entrepreneurs rather than
having a direct effect on the establishment of financial organizations/institutions or funding
nanotechnology SMEs.

Lundstr€om and Stevenson (2002) asserted that meeting the financial need of
nanotechnology enterprises through the “Equal Rights of Business Owners” plan is
regarded risky; however, unregistered enterprises will receive short-term or pay-back
guaranteed loans. Such support and attention to financial issues of nanotechnology SMEs in
Iran might lead to the quick development of these companies. The government also is
required to pass bills on the Intellectual Property Registration Organization. The Intellectual
Property Rights Protection Organization and the Patent Office play a key role in registering
and protecting intellectual property rights today. Nazarian, Lee, Siegel, Kuo, Acharya and
Schmidt (2021) argued that the government should oversee the work of institutions that issue
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standard licenses and scientific and technological licenses to operate in the field of
nanotechnology to allow the production of products that are eligible for health, safety and are
non-harmful to humans and the environment. In this regard, Motiei, Moradi, Arabiun and
Meigounpoory (2019) concluded that governments’ policymaking can influence strategic
procedures and indicate the orientation of entrepreneurship activities. Proper strategic
procedures might ensure the success of Iranian nanotechnology SMEs in the competitive
international and, particularly, middle eastern environment. Moreover, Weiss (2020) stated
that central objectives of the government should include determining, compiling and
publishing national standards, conducting research to develop standards, improving the
quality of domestic goods, helping improve production methods, increasing the efficiency of
industries for the self-sufficiency of the country and promoting standards, promoting
national standards on monitoring the implementation of compulsory standards, quality
control of exported goods subject to mandatory standards and prevention of the export of
substandard goods in order to provide competition with similar foreign goods and
maintaining international markets, quality control of compulsory import goods to protect
consumers and domestic producers. Creating the proper infrastructure to shape and
strengthen activity in this area can help these businesses succeed.

Therefore, it is imperative for nanotechnology SMEs to design their structural,
infrastructural and scientific measures to meet the needs of the society. It is also
recommended to create industrial clusters to provide faster services and reduce the costs of
businesses in these clusters.

Technological entrepreneurship has been regarded as an integral source of creating
economic value and development. It aims to build a connection between technological
development and the creation of businesses. Therefore, Weiss (2020) believe that transferring
technology is considered a crucial process that requires accurate and comprehensive
exploitation in order to avoid wasting capital and time as well as diminishing technology. It
may also lead to delayed and costly achievement of ultimate product. This is a reciprocal
process and both sides of the relationship should accomplish their aims and benefits while
confirming values of each party. Hence, stakeholders of science and technology sector are
ultimately required to make money through knowledge. Universities may not be able to
accomplish this objective and it is necessary to create and support technological and
knowledge-based infrastructures as well as highlight the dynamic nature of universities to
benefit from the knowledge and develop a knowledge-oriented economy. Advancement in
knowledge can result in the creation of technology and making money; however, it is crucial
to propose appropriate plans and policies and create necessary infrastructures in order to
achieve this objective.

Theoretical, practical (business managers) and policy implications
Entrepreneurship is regarded as the forcing power of economic and social development in
societies that plays a crucial role in the development of nanotechnology applications and
exploitation of its numerous benefits. In other words, strategic entrepreneurship can benefit
from the capacities and capabilities of new technologies to achieve sustainable development.
Technological entrepreneurship can indicate the collaboration between strategic
entrepreneurship and developmental capacities of new technologies. Given the unique
characteristics of nanotechnology such as high growth rate, the close relationship between
research and market, multidisciplinary nature and the need for group activities, the
transitory nature of technology, risky investment, as well as the wide range of impact on
various fields, it is imperative to identify effective factors in technological entrepreneurship
among SMEs. Consequently, specialists believe that nanotechnology should be considered a
priority for all countries because of its wide range of practicality and effectiveness in the
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majority of industries. They have also asserted that nanotechnology will significantly
influence global markets in the near future. In other words, nanotechnology is recognized as
entrepreneurship-oriented technologywith the ability to propose new economic opportunities
that can lead to the creation of novel businesses as well as the provision of more services and
products in the existing competitive environment. As a result, the development of
technological entrepreneurship is considered a major step toward sustainable
enhancement of nanotechnology given the unique nature of nanotechnology regarding
numerous innovations in different economic areas. Nonetheless, it might be impossible to
benefit from various capabilities of nanotechnology without implementing a specific
strategy. Finally, it can lead to transferring technology, commercialization, and product
development through the identification and exploitation of business opportunities in a
dynamic environment.

Limitations and future research
Although the present study had significant contributions, there were some shortcomings as
well. Regarding the study population, a few nanotechnology business managers were
reluctant to take part in this survey because of their partial responses or their conservative
nature. Furthermore, it was impossible to include all the affective factors and different
characteristics of technological entrepreneurship due to various cultures. These limitations
may affect the generalizability of the study outcomes. Consequently, the authors would
recommend other academicians to implement the same model in order to perform parallel
studies in different cultures or different companies. They can also make a comparison
between the conclusions of their research and the results of the present study that leads to the
advancement of the generalizability of the outcomes.

In addition, it is suggested to conduct further comprehensive studies on nanotechnology
subjects because of the significant effects of various factors on the accomplishment of
technological entrepreneurship process, particularly in small and medium enterprises. The
improvement of the performance of these factors may also lead to the evolution of SMEs
involved in the nanotechnology perspective.
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