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ABSTRACT 
 

A descriptive type of research was conducted to identify and ranking variables affecting on 
entrepreneurship development in nanotechnology. The total population was all agricultural researchers in Iran. 
Proportionate stratified random sampling method was used to select 210 researchers. A questionnaire was 
developed by the researcher and used to collect data. Respondents were asked to indicate their responses on a 
five-point likert type scale. The statements were validated and the reliability estimate calculated and found to be 
85.6% averagely. Descriptive statistics were used to describe data and CV was used to ranking variables 
affecting on entrepreneurship development in nanotechnology. Results showed that there is a great gap between 
the amount of consideration to variables in the current situation and their importance. 
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Introduction 
 

Nanotechnology will be an increasing part of the 
everyday lives of most people in the world. 
Significant investments by industry, academia and 
government are being made with the hope that 
advances in nanotechnology will have a profound 
and positive impact on a number of aspects of our 
lives [12,9,15]. Nanotechnology promises to be one 
of the defining technologies of the 21st century. 
Based on the ability to measure, manipulate and 
organize material on the nanoscale – it is set to have 
significant implications [13].  

The potential role of nanotechnology covers 
from new materials useful for the textile, packaging, 
food or transportation industries; nano devices and 
nano materials for sophisticated medical procedures 
and treatments or for cutting edge telecommunication 
and information technologies; all the way to more 
effective security and military innovations [1,3]. 
There is no reason to assume that nanotechnology 
will be different from other industrial innovations 
when it comes to having the potential to present both 
benefits and risks to human and environmental health 
[4,7]. 

Modern technology such as nanotechnology has 
the potential to revolutionize agriculture and food 
systems. Agricultural and food systems security, 
disease treatment delivery system, new tools for 
molecular and cellular biology, new material for 
pathogen detection, protection of environment, and 
education of the public and future workforce are 
examples of the important links of nanotechnology to 
the science and engineering of agriculture and food 
systems [14]. 

There are great opportunities in applying 
nanotechnology to agriculture systems, namely, 
foods, produces, farm animals and the entire subset 
of agro-ecological constituents. There are, however, 
potential risks in the deployment of agro-
nanotechnology as well [6,10,4].  

Several authors report that applications of 
nanotechnology could, for instance, impact global 
demand or open new markets for commodities. Such 
developments could have potentially far reaching 
socio-economic and other impacts in developed and 
developing countries [4]. So, the potential for this 
industry is huge. By one estimate, the worldwide 
market for nanotechnology-based products will reach 
$25.2 billion in 2011 and over $1 trillion by 2015. 
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The United States is expected to account for at least 
25 percent of the market. China, Russia, and Saudi 
Arabia are trying for the leading role in this nascent 
industry and are investing billions in nanotechnology 
[8]. It is important to analyze the perception of 
agricultural researchers about entrepreneurial 
activities in nanoscience and technology.  

 
Materials and Methods 

 
The methodology used in this study involved a 

combination of descriptive and quantitative research 
and included the use of questionnaire to collect data. 
The total population for this study was 1226 
researchers in 25 research institutes of the Ministry 
of Agriculture that were involved in the 
nanotechnology research and development. Stratified 
random sampling procedure was used to select 
researchers. Based on the standard deviation a total 
of 210 researchers were selected through Cochran 
formula.  

From review of literature, a questionnaire was 
designed to collect data. The face and Content 
validity of questionnaire were established by a panel 
of experts who were familiar with nanotechnology.  

Based on the literature review, factors were 
categorized in six factors namely educational, 
infrastructural, human resources, economical, 
commercial, and policy making. A pilot study was 
conducted using the instrument by 30 researchers 
who were not part of the study. The data collected 
from the pilot study were entered into Statistical 
Package for Social Science (SPSS) data file for 
computer analysis to generate Alpha. The computed 
Cronbach’s Alpha coefficients were 83.7% and this 
shows that the questionnaire was highly reliable.  

 
Results: 

 
The mean age of respondents in this study was 

39.8 years old. Researchers were asked to indicate 
their working experience and means of working 
experience was found to be 12.4 years. Researchers 
were asked to report their educational experience and 
slightly more than 46 percent had post graduate 
degree; 31.7 percent were assistant professor; 14.4 
percent associate professor and 7.8 percent professor.  

The respondents were asked about their 
familiarity with applications of nanotechnology in 
agriculture and more than half of them indicated that 
they were highly familiar with the application of 
nanotechnology. Slightly less than two third of 
respondents had positive attitude about 
entrepreneurial potential of nanotechnology in 
agriculture sector and only 2 percent had negative 
attitudes about its potential.  

The respondents were asked to indicate their 
perceptions regarding the importance of educational 
factors towards entrepreneurship development in 
nanotechnology. Table 1 shows the results of 
respondents’ perception about educational factors 

which influence the entrepreneurship development in 
nanotechnology. The highest mean number refers to 
training master and doctoral students in the field of 
nanotechnology, using domestic and foreign 
professors (mean=4.35) and the lowest mean number 
was for offering educational programs to enhance 
public knowledge and understanding of social and 
ethical issues regarding the application of 
nanotechnology (mean=3.79).   

Table 2 displays the respondents’ means about 
the five statements regarding infrastructural factors 
towards entrepreneurship development in 
nanotechnology. As can be seen the highest mean 
number refers to access to the tools, equipment and 
advanced laboratories for technological development 
of nanotechnology in agriculture (mean= 4.39) and 
lowest mean number to identify ideas and inventions 
into business opportunities in the field of 
nanotechnology in agriculture (mean=4.08).   

The respondents’ perception about the role of 
human resources factors in entrepreneurship 
development in nanotechnology was displayed in 
Table 3. As can be seen the highest mean number 
refers to capable nanotechnology researchers and 
experts in agriculture sector to find good ideas and 
transferring ideas to market (mean= 4.26) and lowest 
mean number to  belief of planners and policy 
makers about risk of investment in the field of 
nanotechnology in agriculture (mean=4.16).   

Table 4 displays the respondents’ means about 
the five statements regarding economic factors 
towards entrepreneurship development in 
nanotechnology. As can be seen the highest mean 
number refers to access to banks, investment funds 
and other major financial resources to fund 
nanotechnology R&D activities in agriculture 
(mean= 4.15) and lowest mean number to develop 
appropriate funding mechanisms to support 
innovative projects and develop SMEs active in the 
field of nanotechnology in agriculture (mean=4.02).   

The respondents’ perception about the role of 
commercial factors in entrepreneurship development 
in nanotechnology was displayed in Table 5. As can 
be seen the highest mean number refers to 
identification of business needs and potential 
domestic and foreign markets in the field of 
nanotechnology in agriculture (mean= 3.96) and 
lowest mean number to encourage SME participation 
in designing and implementation nanotechnology 
programs in agriculture sector (mean=3.70).   

The results of table 6 show that the highest mean 
number for policy making refers to moral and 
material support of development of new ideas in the 
field of nanotechnology in agriculture (mean=4.08) 
and the lowest mean number refers to facilitate the 
evaluation process of research projects in the public 
sector to support SMEs active in the field of 
nanotechnology (mean=3.86). 
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Table 1: Means of respondents’ views about educational factors which influence the entrepreneurship development in nanotechnology 
(1=the least important; 5=the most important). 

Perception Statements 
Importance 
Mean SD 

Training master and doctoral students in the field of nanotechnology, using domestic and foreign professors  4.35 0.88 
Training entrepreneurship skills and business start-up approaches to nanotechnology researchers and experts 
in agriculture sector 

3.99 0.94 

Holding training courses to familiarize agricultural experts with nanotechnology equipment and tools  3.90 0.98 
Offering educational programs to enhance public knowledge and understanding of social and ethical issues 
regarding the application of nanotechnology 

3.79 0.96 

Training agricultural entrepreneurs about potential applications and commercial fields of nanotechnology in 
agriculture sector  

3.92 1.02 

 
Table 2: Means of respondents’ views about infrastructural factors which influence the entrepreneurship development in nanotechnology 

(1=the least important; 5=the most important). 

Statements 
Importance 
Mean SD 

Access to the tools, equipment and advanced laboratories for technological development of nanotechnology 
in agriculture 

4.39 0.70 

Develop cooperation mechanisms between universities and research centers with agricultural sector to 
commercialize nanotechnology 

4.18 0.76 

Develop necessary infrastructure and legal frameworks in the field of nanotechnology, especially in 
protecting intellectual property rights 

4.23 0.81 

Identify ideas and inventions into business opportunities in the field of nanotechnology in agriculture 4.08 0.79 
Development of advanced R&D systems in order to create new innovations in the field of nanotechnology 
in agriculture  

4.09 0.80 

 
Table 3: Means of respondents’ views about human resources factors which influence the entrepreneurship development in nanotechnology 

(1=the least important; 5=the most important). 

Statements 
Importance 
Mean SD 

Capable nanotechnology researchers and experts in agriculture sector to find good ideas and transferring ideas 
to market 

4.26 0.79 

Experts, trained researchers and specialist consultants in the field of nanotechnology in agriculture 4.30 0.82 
Nanotechnology experts and researchers working in the agricultural sector with team working ability 4.18 0.80 
Experienced research managers in the agricultural sector to develop R&D activities in the field of 
nanotechnology 

4.16 0.84 

Analyst planners and policy makers believe in risky investment in the field of nanotechnology in agriculture  4.16 0.86 
 
Table 4: Means of respondents’ views about economic factors which influence the entrepreneurship development in nanotechnology (1=the 

least important; 5=the most important). 

Statements 
Importance 
Mean SD 

Develop appropriate funding mechanisms to support innovative projects and develop SMEs active in the 
field of nanotechnology in agriculture 

4.02 0.87 

Encouraging venture investment and private sector to participate in financing nano-start-up firms in 
agriculture  

4.04 0.88 

Access to banks, investment funds and other major financial resources to fund nanotechnology R&D 
activities in agriculture 

4.15 0.91 

Develop and apply the necessary measures to enhance security of investment in new projects of 
nanotechnology in agriculture 

4.11 0.94 

Creating economic opportunities for profitable long-term investment in nanotechnology projects in 
agriculture 

3.87 0.94 

 
Table 5: Means of respondents’ views about commercial factors which influence the entrepreneurship development in nanotechnology 

(1=the least important; 5=the most important). 

Statements 
Importance 
Mean SD 

To setup and development of SMEs in the field of nanotechnology to reduce costs and risks of R&D activities  3.82 0.86 
To create and Setup business networks between SMEs active in the field of nanotechnology 3.78 0.88 
To Develop and expands the channels for communicating SMEs with customers of nanotechnology products 
in agriculture sector  

3.70 0.90 

To encourage SME participation in designing and implementation nanotechnology programs in agriculture 
sector  

3.70 0.94 

To identify the business needs and potential domestic and foreign markets in the field of nanotechnology in 
agriculture 

3.96 1.06 
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Table 6: Means of respondents’ views about policy making factors which influence the entrepreneurship development in nanotechnology 
(1=the least important; 5=the most important). 

Statements 
Importance 
Mean SD 

Moral and material support of development of new ideas in the field of nanotechnology in agriculture  4.08 0.83 
Providing arrangements for absorption and fast application of nanotechnology inventions and innovations in 
agriculture sector 

4.04 0.87 

Coordination and cooperation between governmental organizations working in the field of nanotechnology to 
achieve a unified state approach 

4.02 0.88 

Facilitate the evaluation process of research projects in the public sector to support SMEs active in the field of 
nanotechnology  

3.86 0.92 

Governmental funding and provide the necessary conditions to facilitate investment in nanotechnology R&D 
activities in agriculture 

3.98 0.94 

 

Discussion and Conclusion:  
 
Based on the finding of this study, the following 

conclusions were drawn. The study started by 
presenting data on respondents’ familiarity with 
applications of nanotechnology in agriculture. 
Clearly, most of the respondents were familiar with 
nanotechnology applications in agriculture at 
moderate level and above. Results related to attitudes 
of agricultural researchers towards entrepreneurship 
potential of nanotechnology revealed that more than 
80% of respondents indicated their agreement or 
strongly agreement with most of statements about 
entrepreneurship potential of nanotechnology. 
However, this finding has been confirmed by some 
studies such as Hosseini and Rezaei [5] and Besley et 
al. [2].  

In assessment of factors affecting on 
entrepreneurship development in nanotechnology, 
the results shows the training master and doctoral 
students in the field of nanotechnology is the most 
important variable among educational variables. 
Based on these results, that the statement “Access to 
the tools, equipment and advanced laboratories for 
technological development of nanotechnology” 
among infrastructural variables, “Capable 
nanotechnology researchers and experts in 
agriculture sector” among human resources 
variables, “Develop appropriate funding mechanisms 
to support innovative projects and develop nano-
based SMEs” among economical variables, “Setup 
and development of SMEs in the field of 
nanotechnology” among commercial variables, 
“Moral and material support of development of new 
ideas in the field of nanotechnology in agriculture” 
among policy making variables came as most 
important variables in entrepreneurship development 
in nanotechnology. 
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