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ABSTRACT
Commercialization of high-technology entrepreneurial ideas plays
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an important role in the success of high-technology companies
and economic development. However, most of commercialization
processes fail due to poor recognition of enabling and constrain-
ing factors at each stage of the process. Thus, this article aimed
to identify the factors through the meta-synthesis method of
Sandelowski and Barroso. A systematic review of 30 articles
selected on the basis of inclusion criteria was carried out. The
findings revealed that the key internal enabling factors were com-
petitive capabilities of the high-tech company, qualified human
resources, satisfying market needs, content marketing, application
of high technology, innovative high-technology product, and suf-
ficient financial resources; as well, the key external enabling fac-
tors were elite research universities, quadruple helix, intellectual
property rights, and government support policies. Moreover, the
findings showed that the key internal constraining factors were
limited financial resources, uncertainty of high technology, trad-
itional marketing, market uncertainty, limited companies’ capabil-
ities, unqualified human resources, and uncertainty of product,
while the key external constraining factors were shortage of gov-
ernment support, absence of quadruple helix, lack of intellectual
property rights, and weak research universities. Consequently,
identifying the factors help high-technology firms to effectively
commercialize high-technology entrepreneurial ideas.

RESUME

La commercialisation des idées entrepreneuriales en matiere de
haute technologie joue un role important dans le succes des
entreprises de haute technologie et le développement
économique. Cependant, la plupart des processus de commercial-
isation échouent en raison d'une faible reconnaissance des fac-
teurs habilitants et contraignants a chacune de leurs étapes.
Aussi, cet article visait-il a identifier ces facteurs par la méthode
de méta-synthese de Sandelowski et Barroso. Un examen
systématique de 30 articles sélectionnés sur la base des criteres
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d’inclusion a été réalisé. Les résultats révelent que les principaux
facteurs internes d’habilitation étaient les capacités concurren-
tielles de la firme de haute technologie, les ressources humaines
qualifiées, la satisfaction des besoins du marché, le marketing de
contenu, l'application de la haute technologie, un produit de
haute technologie innovant et des ressources financieres suffi-
santes ; de méme, les principaux facteurs externes d’habilitation
étaient les universités de recherche de grand renom, le modele
de la quadruple hélice, les droits de propriété intellectuelle et les
politiques gouvernementales de soutien. En outre, les résultats
montrent que les principaux facteurs internes contraignants
étaient les ressources financieres limitées, l'incertitude de la haute
technologie, le marketing traditionnel, l'incertitude du marché, les
capacités limitées des entreprises, les ressources humaines non-
qualifiées et lincertitude du produit, tandis que les facteurs
externes contraignants étaient un faible soutien gouvernemental,
I'absence de la quadruple hélice, 'absence de droits a la propriété
intellectuelle et la faiblesse des universités de recherche. Par con-
séquent, l'identification de ces facteurs aide les entreprises de
haute technologie a commercialiser efficacement les idées entre-
preneuriales de haute technologie.

1. Introduction

In the technology-based century, high-technologies (high-tech) play an important role
in the economic development of societies (Al Natsheh et al. 2015; Grilli 2013; Wang
and Chen 2018; Daneshfaraz and Khamseh 2015). High-tech industries generate dir-
ect revenue for countries by exporting; they also contribute, indirectly, to the eco-
nomic growth of countries by impacting the low and medium-sized industries (Wang
and Chen 2018; Lovely and Huang 2018). High-tech new ventures are established
when entrepreneurs recognize an opportunity and create a high-tech idea, but new
ventures will succeed when the entrepreneurs commercialize high-tech entrepreneur-
ial ideas (Hashai and Zander 2018; Guo 2019). The commercialization of high-tech
entrepreneurial ideas is a multi-stage process that involves research and development,
producing a new high-tech product, and deployment of the high-tech product. The
components of the first stage consist of assessing customers’ demands, recognizing an
opportunity, creating an idea, choosing the primary market, confirmation and proof
of the idea, feasibility of the idea, selecting a high-tech, evaluating the high-tech, and
preparing a business model. The components of the second phase include producing
a prototype, evaluating the high-tech for the second time, development of high-tech,
evaluating market entry conditions, assessing the final features of high-tech products,
and patenting. Finally, the components of the third step involve preparing a market-
ing plan, content marketing, high-tech product sales and distribution, value creation
for customers, and evaluating periodic high-tech product performance (Gbadegeshin
2017; Khamseh and Daneshjoovash 2018; Nambisan and Sawhney 2007; Nerkar and
Shane 2003). Therefore, the first significant component of the commercialization pro-
cess is an entrepreneurial idea that influences the three phases of the process
(Schaufeld 2015). Effective commercialization is deeply dependent on selecting the
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entrepreneurial idea (Gbadegeshin 2017; Abdul Razak, Murray, and Roberts 2014)
that results in valuable outcomes (Aslani et al. 2015) including the improvement in
competitive advantage of the company and the economic growth of the country
(Wang and Chen 2018; Hain and Jurowetzki 2018).

Despite the above benefits, numerous studies showed that entrepreneurs face many
challenges during the process of commercialization (Hashai and Zander 2018) and
fail to transform their entrepreneurial ideas into innovative high-tech products
(Presbitero, Roxas, and Chadee 2017; Aslani et al. 2015; Kim et al. 2017; Li et al.
2017; Madzik 2019). According to Guo (2019), high-tech new firms have more chal-
lenges in the commercialization of entrepreneurial ideas compared to low and
medium-tech firms. One of the high-tech new firms’ challenges is producing a mar-
ket-based product. The other challenges are a lack of relation between university
researches and industry, a clear contribution of Science and Technology Parks, finan-
cial resources, accessing high-skilled staff, and forming effective networks (Henriques,
Sobreiro, and Kimura 2018). To address these challenges, identifying enablers and
barriers to the commercialization of high-technology entrepreneurial ideas is very
important. Some studies have examined factors influencing commercialization (Sheth,
Acharya, and Sareen 2019; Hameed, Von Staden, and Kwon 2018; Van Norman and
Eisenkot 2017; Zhao, Xiang, and Yi 2017; Flammini et al. 2017), but the enabling and
constraining factors at each stage of the commercialization are not specified.
Moreover, effective commercialization of high-tech entrepreneurial ideas differs from
commercialization of low or medium-tech ideas due to specific features of high-tech
companies such as shortage of internal resources, complicated process of opportunity
recognition, indefinite nature of competition, and limited management skill and
knowledge (Hashai and Zander 2018; Al-Kwifi, Ahmed, and Yammout 2014; Al-Kwifi
2016). Thus, we know relatively little about the effective commercialization of high-
tech entrepreneurial ideas (Madzik 2019; Cui, Kumar, and Gongalves 2019; Kunte,
Promsiri, and Kampanthong 2018) and we need more attention to identify enabling
and constraining factors affecting the process. To fill the gap, this article focuses on
identifying the enabling and constraining factors at each stage of the commercializa-
tion process through a meta-synthesis approach.

This article is organized as follows: Section 2 discusses the theoretical background
of high-tech and commercialization of high-tech entrepreneurial ideas, while Section
3 describes the methodology employed through a meta-synthesis process. Then,
Section 4 provides findings and analyzes their relation to previous works. Finally,
Section 5 presents a conclusion of the research, contribution, recommendation, and
limitations.

2. Literature review
2.1. High technology

High technology is one type of technology that is markedly different from the low or
medium-tech. The difference is due to the need to apply high-qualified staff, a high
rate of research and development, and complicated processes that result in specific
high-tech products. Nevertheless, high-tech products have a short life-cycle as well as



4 S. K. DANESHJOOVASH ET AL.

require excellent specialists, high R&D costs, and being innovative (Khamseh and
Daneshjoovash 2018; Hashai and Zander 2018; Al-Kwifi 2016). Moreover, the pur-
chase of high-tech products makes a high level of uncertainty for customers during
the decision-making process (Hashai and Zander 2018; Al-Kwifi, Ahmed, and
Yammout 2014; Al-Kwifi 2016). Uncertainty of customers during the decision-making
process creates difficulties in the marketing of high-tech products and makes uncer-
tainty for the high-tech company (Mansour and Barandas 2017). The high-technology
companies are established by entrepreneurs who believe they have recognized dis-
tinctive business opportunities by their tacit technological knowledge (Kaplan and
Tripsas 2008; Hashai and Zander 2018). Thus, high-tech companies are formed on
the basis of knowledge-seeking and knowledge-creating capabilities of the entrepre-
neurs (Hallam, Dorantes Dosamantes, and Zanella 2018). Therefore, companies’ per-
formance is intimately related to the social capital of the entrepreneurs (Stam,
Arzlanian, and Elfring 2014; Ahearne, Lam, and Kraus 2014).

Accordingly, high-tech companies face more challenges in the commercialization
of entrepreneurial ideas than the low or medium-tech companies due to high-tech
companies’ lack of internal resources, complicated process of opportunity recognition,
the nature of competition, and limited management skill and knowledge (Guo 2019;
Park and Tzabbar 2016; Siepel, Cowling, and Coad 2015). However, the companies
generate high-tech ideas and commercialize them under high uncertainty and lack of
an established market by employing high-qualified human capital and innovative
marketing strategies (Mansour and Barandas 2017). Therefore, the high-tech industry
produces high-tech products that satisfy the market needs (Motaharrad, Arasteh, and
Jafari 2014; Al Natsheh et al. 2015; Hui, Li, and Li 2018) and facilitate the economic
development of countries (Hallam, Dorantes Dosamantes, and Zanella 2018; Corsi
and Prencipe 2017).

2.2. Commercialization of high-technology entrepreneurial ideas

The new solutions applied by the entrepreneurs of high-tech firms are called “high-
tech entrepreneurial ideas.” Entrepreneurs use these ideas to introduce innovative
high-tech products and, consequently, grow their business (Lukes and Stephan 2017;
Brorstrom 2015; Sandoval et al. 2018; Madzik 2019). Innovative high-tech products
will result in the success of the company if they are commercialized (Al-Kwifi 2016;
Aslani et al. 2015). Commercialization is the process of transforming entrepreneurial
and innovative ideas into products and creating value for customers (Namdarian and
Naimi-Sadigh 2018; Sheth, Acharya, and Sareen 2019; Hameed, Von Staden, and
Kwon 2018; Sharp, Iyer, and Brush 2017). Previous literature has multiple perspec-
tives on the concept of commercialization. Some scholars such as Nambisan and
Sawhney (2007) and Nerkar and Shane (2003) believed that commercialization is a
chain process from the creation of an idea to sell a product to customers. The second
group assumed that commercialization is the transfer of knowledge or technology
from research centers to industries, designating it “technology commercialization”
(Yahyaei and Hassanzadeh 2018; Sheth, Acharya, and Sareen 2019; Liu et al. 2009).
According to Vohora, Wright, and Lockett (2004) and Paul, Thangaraj, and Ma
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(2015), the commercialization process of a university spin-off consists of four stages
of research, opportunity recognition, pre-organization, and re-orientation. The most
important components of these stages are opportunity recognition, proof of ideas,
entrepreneurial commitment, credibility, and sustainability. They believed managing
these stages, attracting investors, providing a business plan, budget availability, and
quality management of research and development activities lead to effective commer-
cialization. Finally, the third group supposed that commercialization is the last stage
of the new product development cycle, dubbing it “product commercialization”;
therefore, they did not consider entrepreneurial ideas as an essential factor in the
commercialization process (Burgelman and Hitt 2007; Bandariyan, Heydari, and
Pourebrahimi 2015). Accordingly, as Aarikka-Stenroos and Lehtimaki (2014) and
Aarikka-Stenroos and Sandberg (2012) stated, commercialization is a dynamic process
that consists of moving forward and backward between three key areas of strategic
marketing decision-making, creation of market, and sales development.

Therefore, high-tech entrepreneurial ideas are commercialized through the chain
process of research and development, producing a new high-tech product, and
deployment of the high-tech product (Gbadegeshin 2017; Khamseh and
Daneshjoovash 2018; Nambisan and Sawhney 2007; Nerkar and Shane 2003).

3. Research methodology

The meta-synthesis approach based on the guidelines of Sandelowski and Barroso
(2002, 2003, 2007) was applied in this study. This approach is a systematic review of
qualitative research findings to create a new interpretation through a logical and con-
sistent seven-step process. The meta-synthesis process includes defining the research
questions and goals, organized reviewing of the literature, searching and choosing
related studies, extracting textual information, analyzing and synthesizing qualitative
findings, controlling the quality, and, finally, providing the findings. Therefore, this
study has explored the following research question:

RQ. What are the internal and external enabling and constraining factors at each stage
of the commercialization process of high-technology entrepreneurial ideas?

3.1. Data collection and sample

A systematic review of qualitative research findings was performed by employing the
keywords including commercialization, commercialization of entrepreneurial ideas,
entrepreneurial ideas, commercialization of high technology, and high technology in
titles, abstracts, and keywords of published articles. The inclusion criteria consist of
qualitative research articles related to the research question, published via Emerald,
Elsevier, IEEE, Sage Publications, Taylor and Francis, Wiley, Springer, or found via
Google Scholar, and indexed by Scopus, ISI-Listed, or ISI-WOS during 2010-2019.
The process of inclusion and exclusion resulted in the exclusion of 288 articles and
the inclusion of 30 bibliographic samples shown in Figure 1.
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Starting keywords searching
in databases

Inclusion of 318 primary
documents & examining
their titles

Exclusion of 130 unrelated
documents from assessment
> with reasons:

-non related title
-not indexed by Scopus or ISI

Inclusion of 188 remaining
documents & examining
their abstracts

Exclusion of 85 unrelated

documents from assessment
with reasons:
-non related purpose

-quantitative method

Inclusion of 103 remaining
documents & examining
their full article

Is the abstract
related?

@ Exclusion of 61 unrelated
documents from assessment
with reasons:
-non related purpose

-quantitative method

Inclusion of 42 remaining
documents & consulting
for consensus

Is full document
related?

Exclusion of 12 unrelated
documents from assessment
with reasons:

-non related purpose
-quantitative method

Is there full
consensus?

v

Exclusion of 288
unrelated documents from
bibliographic sample

Inclusion of 30
bibliographic sample

Figure 1. Process of selecting the bibliographic samples.
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3.2. Validity and reliability

The validity of the study resting on the guidelines of Sandelowski and Barroso (2007)
was approved during the research via applying various mechanisms. At first, the
researchers used the inclusion criteria to set the boundaries for the systematic review,
held monthly sessions to offer the report of searching articles, and used Endnote soft-
ware to save and assess articles to improve the descriptive validity. Second, they held
monthly sessions and appraised the team statement to increase the interpretative val-
idity. Third, the researchers used a specialized person to improve theoretical validity.
Finally, they assessed the entire route to accomplish theoretical consensus by all the
researchers and the expert to enrich practical validity. The reliability of the study was
also assessed by the comparative appraisal method via the parameters such as the
article’s title, purpose, methodology, analysis, findings, year of publication, the first
author’s organizational affiliation, and the journal’s index (Sandelowski and Barroso
2007). Accordingly, Critical Appraisal Skills Programme (2018) was applied to assess
the quality, accuracy, validity, relevance, and importance of the final articles through
10 questions focusing on the following criteria: (1) clarity of the research objectives,
(2) methodology logic (qualitative), (3) adaptability of the research design to achieve
goals, (4) adaptability of the sampling method to achieve goals, (5) consistency of
data collection with the research subject, (6) the quality of the relationship between
the researcher and the participants, (7) the quality of ethical considerations, (8) the
accuracy of data analysis, (9) the clear expression of the findings, and (10) the value
of the research. Due to the large volume of the final articles, only two of them were
listed in Table 1 to provide an example of how the scoring of papers was applied.

According to Critical Appraisal Skills Programme (2018), the frequency of final
articles with an excellent score was 81.25% and the very good score was 12.50%,
which indicated the quality of the sample.

4, Analyzing and synthesizing qualitative findings

In line with the guidelines of Sandelowski and Barroso (2007), the final qualitative
research findings were analyzed and synthesized by conducting the taxonomic ana-
lysis consists of inductive analysis through open, axial, and selective coding. Table 2
shows the main themes that were identified via open coding and were classified into
internal and external enabling and constraining factors via axial coding. Moreover,
Table 2 reveals the effect of each theme on the different phases of the commercializa-
tion process as well as the references and frequencies of the themes.

Based on Table 2, 102 themes were identified. The themes were analyzed, synthe-
sized, and classified into internal and external enabling and constraining factors at
each stage of the commercialization process of high-technology entrepreneurial ideas.
The internal and external enabling factors positively affect the process, while the
internal and external constraining factors negatively influence it. Internal enabling
and constraining factors were classified as those that acted under company’s control
such as companies’ capabilities, high-tech product, marketing, human resources,
financial resources, high technology, and market; as well, external enabling and con-
straining factors were classified as those that did not act under company’s control or
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the company had little control over them such as government policies, intellectual
property rights, quadruple helix, and research universities.

According to the findings, of internal enabling factors, the competitive capabilities
of the high-tech company have the highest rank based on 21 themes cited in 18 refer-
ences; thus, they have the most positive effect on the effective commercialization pro-
cess. On the opposite, sufficient financial resources have the lowest rank based on
three themes cited in 13 references; therefore, they have the least positive effect on
the effective commercialization process. As a result, competitive capabilities of the
high-tech company, qualified human resources, satisfying market needs, content mar-
keting, application of high technology, innovative high-technology products, and suf-
ficient financial resources are the most important internal enabling factors in the
effective commercialization of high-technology entrepreneurial ideas in the order
of importance.

The findings showed that competitive capabilities of high-tech company such as
flexible organizational structures and the rich business model have a positive effect
on the first phase of the commercialization process, brand and distribution resources
have a positive effect on the third step; last but not least, strategic leadership, making
strategic decisions, creating a vision of the future, coordinating key competencies and
capabilities, supporting effective organizational culture, social capital, entrepreneurial
culture, responsiveness to changes, networking, open innovation, make trust with
innovation actors, a knowledge-sharing attitude, both tangible and intangible opti-
mum resources, organizational context, nature of applied knowledge, managers’ atti-
tudes and behaviors toward entrepreneurship, and complementary assets have a
positive effect on all three stages of the commercialization process. The second
internal enabling factor is qualified human resources. As the findings revealed and
Nassiri-Koopaei et al. (2014) indicated, human resources act in the company as
research and development specialists, producer, marketer, and distributor of high-
tech products; they, therefore, positively affect the whole process via their high work
ethics, motivation, and creative behavior. The third internal enabling factor is known
as satisfying market needs. As the findings suggest and Aarikka-Stenroos and
Lehtimaki (2014) stated, while the availability of potential market and idea generation
based on market needs have positive influences on the first stage of the commercial-
ization process, the other elements - such as capacities or resources to adapt to mar-
ket demands, customer knowledge, the timing of innovation’s launch on the market,
customer acceptance, customer satisfaction, global scope of the market, and customer
loyalty - positively affect the third stage. Furthermore, content marketing as the
fourth internal enabling factor positively influences the third phase via the type of
message conveyed by advertising and pull marketing. Thus, the findings supported
the research results of Mansour and Barandas (2017). The fifth factor is the applica-
tion of high technology that positively affects the first phase when it is selected based
on its suitability for customers, and positively influences the second phase when it is
developed. The findings confirm the research results of Paul, Thangaraj, and Ma
(2015) and Wonglimpiyarat (2010). Besides, the innovative high-tech product is the
sixth factor. As the findings reveal and Al-Kwifi (2016) and Al-Kwifi, Ahmed, and
Yammout (2014) indicated, a configuration of the whole high-tech product and its
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high-tech features based on customers’ needs positively affect the second phase. Also,
frugality of high-tech product and customer’s acceptance positively influence the third
step. Finally, sufficient financial resources as the last internal enabling factor posi-
tively influence the whole process. When the high-tech company has available finan-
cial resources for R&D, this factor has a positive effect on the first step, but when the
company has available financial resources for prototype development, the factor posi-
tively affects the second phase. Also, if the company has available financial resources
for international investment and attracting investors, the factor positively has an
effect on the third stage. Therefore, the competitive capabilities of the company as
the findings revealed and Simmons, Palmer, and Truong (2013), Datta, Mukherjee,
and Jessup (2015), and Golicic and Sebastiao (2011) stated, are the main internal ena-
bling factors that differentiate the company’s commercialization process from the
competitors’ and make a competitive advantage for the company. Thus, the competi-
tive advantage of the companies’ capabilities, qualified human resources, satisfying
the market needs, content marketing strategies, application of high technology, and
innovativeness of high-tech products are more important than sufficient financial
resources. As Tobiassen and Pettersen (2018), Al-Kwifi (2016), and Hashai and
Zander (2018) asserted, high-tech companies have limited financial resources, but
they can achieve sufficient financial resources by open innovation. Based on the find-
ings, open innovation is one of the high-tech companies’ capabilities; therefore, suffi-
cient financial resources are dependent on the companies’ capabilities.

Moreover, according to the findings, despite the lowest positive effect of sufficient
financial resources among internal enabling factors, limited financial resources have
the most negative effect and highest rank with six themes cited in 13 references
among internal constraining factors on the effective commercialization process.
Therefore, as mentioned earlier, high-tech companies can attract investors to elimin-
ate the negative effect and increase the positive effect of financial resources. On the
opposite, uncertainty of high-tech products has the lowest rank with one theme cited
in six references. Thus, as Al-Kwifi, Ahmed, and Yammout (2014) and Al-Kwifi
(2016) stated, producing an innovative high-tech product based on customers’ needs
results in decreasing the uncertainty of customers. Besides, the findings showed if the
company has limited financial resources, if it does not receive support from innova-
tion’s network or it has unreliable networks, and if there is lack of skilled, motivated,
knowledgeable, and experienced human resource, the three phases of commercializa-
tion process will be negatively affected. As well, if the company faces the uncertainty
of high-tech products from the customer’s acceptance and conducts traditional mar-
keting strategies, the third stage will be negatively influenced. Finally, if the company
does not eliminate the uncertainty of high technology, the first and second steps will
be negatively affected. Accordingly, limited financial resources, the uncertainty of
high technology, traditional marketing, the uncertainty of the market, limited compa-
nies’ capabilities, unqualified human resources, and uncertainty of product are the
most internal constraining factors in the commercialization process in the order
of importance.

The findings also revealed that elite research universities among external enabling
factors have the highest rank with 15 themes cited in 12 references; therefore, they
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Competitive Qualified Satisfying Content Sufficient Application Innovative
capabilities human market marketing financial of high-tech high-tech
of company resources needs strategies resources product

Internal enabling factors
\ Effective commercialization of
/ high-tech entrepreneurial ideas
External enabling factors

Elite Relationship Intellectual Government
research of quadruple property support
universities helix rights policies

Figure 2. Effective commercialization of high-technology entrepreneurial ideas.

have the most positive effect on the effective commercialization process. On the
opposite, intellectual property rights have the lowest rank with two themes cited in
nine references; thus, they have the least positive effect on the process. Accordingly,
elite research universities, quadruple helix, intellectual property rights, and govern-
ment support policies are the most important external enabling factors in the effective
commercialization of high-technology entrepreneurial ideas in the order
of importance.

According to the findings, elite research universities positively affect the first stage
of the commercialization process by supplying developed knowledge and high tech-
nology, providing incubators as well as qualitative, industry-based, and cost-effective
research projects, facilitating knowledge transfer, awarding research projects, and
funding the research project. They also influence the whole process positively by the
cultivation of entrepreneurship, team-working, and research culture, and by providing
services for training, counseling, and mentoring. Thus, the findings confirm the
research results of Gbadegeshin (2017), Leisyte (2011), and Mesny, Pinget, and
Mailhot (2016). The relationship of the quadruple helix as the second external ena-
bling factor has a positive effect on the first phase by communicating with the private
sector and industry to contribute high-tech firms to access the developed knowledge
of universities. They also have a positive effect on the second step by accelerating
entry into the market. Finally, they influence all three phases of the commercializa-
tion process by making collaboration between companies and investors, linking elite
universities with students, building an innovation ecosystem, and developing scientific
competence relevant to the market. Therefore, the findings supported the research
results of Henttonen and Lehtimaki (2017) and McAdam, Miller, and McAdam
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(2018). Besides, intellectual property rights and regulations positively affect the second
phase as Stenard, Thursby, and Fuller (2016) and Sheth, Acharya, and Sareen (2019)
mentioned. Finally, government support policies are the fourth factor that can enable
the whole process by the cultivation of entrepreneurship culture and providing infra-
structure through technology clusters of Science Parks. So, the findings confirm the
research results of Sheth, Acharya, and Sareen (2019), Wonglimpiyarat (2014), and
Suvinen, Konttinen, and Nieminen (2010).

Moreover, according to the findings, government support policies have the highest
rank in external constraining factors with eight themes cited in 10 references; thus,
they have the most negative effect on the commercialization process. On the opposite,
research universities have the lowest rank with one theme cited in 12 references;
thus, they have the least negative effect on the commercialization process.
Accordingly, shortage of government support, absence of quadruple helix, lack of
intellectual property rights, and weak research universities are the most external con-
straining factors in the commercialization process in the order of importance.

The findings showed if governments do not support spin-offs or do not provide
required infrastructure as high-speed information and communication technology,
transport, standards, and intellectual property rights, as well as if the quadruple helix
does not communicate, all the three phases of commercialization will be negatively
affected. Also, lack of suitable intellectual property rights and regulation, the difficulty
of obtaining intellectual property, or infringement of intellectual property rights nega-
tively influence the first stage. Finally, if research universities do not facilitate the pro-
cess of knowledge transfer, the first stage will be negatively affected. Therefore, the
findings confirm the research results of Henttonen and Lehtimaki (2017),
Gbadegeshin (2017), Mesny, Pinget, and Mailhot (2016), and Leisyte (2011).

Thus, identifying the internal and external enabling and constraining factors at
each stage of the commercialization process, as well as making a balance between
them by improving the positive effect of the enabling factors and reducing the nega-
tive effect of constraining factors, will result in the effective commercialization of
high-tech entrepreneurial ideas. The effective commercialization of high-technology
entrepreneurial ideas resting on the positive influence of enabling factors and elimi-
nating the negative effect of constraining factors is depicted in Figure 2.

5. Conclusion

The effective commercialization of high-technology entrepreneurial ideas plays a sig-
nificant role in the success of high-tech companies and the economic growth of coun-
tries in the competitive economies (Sheth, Acharya, and Sareen 2019; Khamseh and
Daneshjoovash 2018; Hameed, Von Staden, and Kwon 2018). Nevertheless, some
high-tech companies face many challenges during the stages of the commercialization
process (Hashai and Zander 2018) and, consequently, do not succeed in transforming
the entrepreneurial ideas into innovative high-tech products. The failure is due to
poor recognition of the enabling and constraining factors at each stage of commer-
cialization process (Presbitero, Roxas, and Chadee 2017; Aslani et al. 2015; Kim et al.
2017; Li et al. 2017; Madzik 2019; Chiesa and Frattini 2011; Aarikka-Stenroos and
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Lehtiméaki 2014; Aarikka-Stenroos and Sandberg 2012). Thus, the purpose of the
study was to identify the factors at each stage of the commercialization process of
high-tech entrepreneurial ideas.

According to Table 2, effective commercialization of high-tech entrepreneurial
ideas is achieved through applying seven internal enabling factors, namely, competi-
tive capabilities of the high-tech company, qualified human resources, satisfying mar-
ket needs, content marketing strategies, sufficient financial resources, application of
high technology, and innovative high-tech product as well as the existence of four
external enabling factors, namely, elite research universities, the quadruple helix,
intellectual property rights, and government support policies. According to the find-
ings, competitive capabilities of the high-tech company has the most positive effect
among internal enabling factors; also, elite research universities have the most positive
influence among external enabling factors on the effective commercialization of high-
tech entrepreneurial ideas.

As Figure 2 indicates, eliminating the effect of constraining factors and improving
the positive influence of enabling factors result in the effective commercialization of
high-tech entrepreneurial ideas. As a consequence, effective commercialization of
high-tech entrepreneurial ideas means the process of idea generation based on market
demands, producing an innovative high-tech product resting on the application of
high technology and its suitability for customers, patenting, and presenting the
innovative high-tech product in the market via content marketing strategies. The pro-
cess will be improved by applying the competitive capabilities of the high-tech com-
pany, qualified human resources, and sufficient financial resources as well as the
support of the government, elite research universities, and quadruple helix. Thus, as
the results showed and Hashai and Zander (2018), Al-Kwifi (2016), and Al-Kwifi,
Ahmed, and Yammout (2014) stated, effective commercialization of high-tech entre-
preneurial ideas differs from the low or medium-tech ideas.

As a result, identifying the internal and external enabling and constraining factors
at each stage of the commercialization process will help high-tech firms to reduce the
commercialization challenges and improve the successful transforming entrepreneurial
ideas into innovative high-tech products. Thus, high-tech firms should identify the
factors and manage them by eliminating the effect of constraining factors and
improving the effect of enabling factors at each stage of the commercialization pro-
cess. Modeling effective commercialization of high-technology entrepreneurial ideas
could help high-tech firms effectively commercialize high-technology entrepreneur-
ial ideas.

Given the points made above, at first, it is suggested that high-tech firms (1) create
open innovation to improve their core capabilities, recognize market demands, iden-
tify the value of technology, conduct content marketing, and reduce the company’s
financial constraints, (2) employ qualified and motivated human resources with team-
work behavior and high work ethics to achieve sustainable competitive advantage,
and (3) prepare a professional business plan emphasizing their core capabilities to
attract investors. Second, it is recommended that elite research universities communi-
cate strongly with high-tech firms to provide market-based research projects and
transfer developed knowledge. Third, it is proposed that governments allocate
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resources to high-tech firms to improve the enabling factors, reduce constraints such
as favoritism and lack of intellectual property rights, and prepare the required infra-
structure for the commercialization process. Fourth, due to the significance of entre-
preneurship education in gaining competitive capabilities (Leisyte 2011;
Wonglimpiyarat 2014; Daneshjoovash and Hosseini 2019), it is suggested that policy-
makers offer entrepreneurship education programs for high-tech entrepreneurs to
learn and develop capacity for writing a rich business plan, recognizing markets’
demands, and conducting content marketing. Fifth, since most of the final articles
have been written by management or technology researchers in developed countries,
it is advised that both management and technology researchers concentrate more on
examining the prioritization of enabling and constraining factors in developing coun-
tries. Sixth, as Sheth, Acharya, and Sareen (2019) and Li et al. (2017) stated, each
high-tech entrepreneurial idea needs a particular route to be commercialized, it is
suggested that researchers examine enabling and constraining factors at each stage of
commercialization process for each specific type of high technology such as informa-
tion and communication technology, nanotechnology, aerospace technology, renew-
able energy, and so forth. Finally, due to the fact that the study analyzed and
synthesized only the published articles by Elsevier, Emerald, IEEE, Sage Publications,
Taylor and Francis, Wiley, and Springer or the articles found via Google Scholar (i.e.
journals indexed in Scopus, ISI-Listed or ISI-WOS), it is suggested that examining
other articles published by other publishers may yield more valuable results.
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