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ABSTRACT  
 

Taking over of appropriate policies in advanced technologies play effective roles in technological 
progresses in developing countries. Biotechnology as one of the key technologies in twenty-first century is 
involved in a wide range of scientific fields. Growing markets for biotechnology products in the globe causes 
profound economical impacts which may entail extraordinary changes in human daily lives.  Biotechnology 
capabilities give developing countries opportunities to enter competitive markets and narrow their technological 
gap with world-leading countries in science. Technology transfer is a shortcut to access novel and emerging 
technologies. Derived from experts’ opinions, in this study, the processes of transfer of environmental 
biotechnology have been assessed and also the importance of each influential factor involving in such processes 
both at the present and desirable states have been determined. Afterwards, using t-student test the success of 
transfer of environmental biotechnology projects in Iran and their influential preeminent factors at different 
stages have been recognized. Finally, suitable pattern for technology transfer in Iran has been presented . 
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Introduction 

 
The macroeconomic theories, technology is 

considered as a factor that developing countries by 
using it correctly, along with manpower and capital 
required to achieve substantial economic growth. 
Technology is the practical use of knowledge and 
tools to help human effort [8]. In Laroos Dictionary, 
technology is defined as follows: "Technology is 
tools, methods and techniques used in various 
industry domains." Perhaps the easiest and most 
comprehensive definition for technology is applying 
knowledge to solve problems and changing the 
nature of science [1]. According to Gibson theory, 
production of new knowledge forms in interaction 
with systems and actors in a network of bilateral 
reactions. 

By this way, production of knowledge increases 
and the trilateral network between academic 
institutions, government and industry will change. 
Success in science and technology is relevant with 
the institutional arrangement to transfer knowledge 

and innovation to the industry [5]. Technology 
transfer is a shortcut which is very practical way for 
countries to achieve the technology without spending 
too much expenditure. Sameli Kaskun considers the 
technology transfer as a process which includes 
selection process and Technology selection, 
adaptation and localization of technology absorption, 
distribution and technology development. successful 
implementation of this process need to identify 
targets of industry, technology resources, procedure 
of innovation and delivery, methods of transmission, 
factors affecting, absorbing and development method 
and each of them requires its own special expertise-
based knowledge.Without the use of experts in 
technology transfer and technology management 
principles, usually the transferring action does not 
take place or the relevant technology transfer is done 
wrongly [2]. Technology transmission techniques 
can be generally placed in two categories: business 
technology transfer methods which tend dominant 
equipment, processes and proprietary software and 
technology transfer methods in search of social 
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behavior change in organizations and society, and it 
is something that is followed in developing countries; 
and it states a period of one to four years to complete 
the process of learning and technology transfer 
[10].The main share of the benefits of technology 
transfer is for the countries that are the acceptors of 
technology transfer resulted from importing 
technology overflow. 

Positive overflow occurs when technology 
information is distributed in economic in big scales 
and the owner of technology can't extract the 
economic value of this distribution. . Overflow can 
be resulted from imitation, trade, obtaining license, 
foreign joint venture and handling individuals [6]. 

 
1-1-Biotechnology: 

 
Any intelligent human action in creating, 

improving and selling various products by using 
organisms, especially through their manipulation at 
the molecular level in most areas is considered as the 
most  important, pure and economic technology of 
current century . 

The official definition of biotechnology which is 
used in all sectors of the Canadian government is 
"the use of science and engineering in using living 
organism directly or indirectly, a part of the living 
body in their natural form or changed forms 
[15].This technology is considered among the 
industries or superior technologies. Division of 
biotechnology into different branches according to 
the outlook of experts and different scientist is varied 
too. In country division biotechnology includes: 
medical, mine industry, environment, livestock and 
aquatic, agriculture, bioinformatics, defense and 
security and basic sciences. What is clear is that 
biotechnology is now at the primary stage of its life 
cycle. Reason for this claim could also share the top 
companies active in biotechnology research and 
development sector and losses that the industry still 
pays for the expenses of research and development. 

 According to some industry predictions, until 
2015 the industries associated with biotechnology 
will become profitable industries [15]. Different 
aspects affecting the development of biotechnology 
can be summarized in human resources, technical 
expertise, equipment, economic considerations, 
intellectual property, social and environmental 
considerations, political considerations and genetic 
engineering [12]. According to studies the laws of 
registered patents are considered as a factory for 
growth of this technology as well. A patent is a 
contract between a country and the owner of a 
patented invention according to which the owner will 
allow others from making, using, selling, or 
exporting the invention for a limited time (usually 20 
years) and instead the public can be aware of the 
details of the invention . 

The economic aspects of patent are that they 
encourage creativity. This is made through a 

compromise. Instead, the sole market for a time 
specified, the inventor is required to disclose details 
of the invention so that others can make the same 
thing according to the disclosed information [11]. 
Bbiotechnology requires a high level of investment 
for research and development and according to the 
reviews done in this field, almost  a quarter of the 
investment needed will be supplied by the joint 
cooperation that in addition to providing investment 
it could be management guide for the biotechnology 
foundations. Studies show a pattern of deployment of 
biotechnology firms is focused in a number of major 
areas and in urban centers and they are gathered in 
the city centers that there is socio-economic diversity 
in the region . 

The firms are located almost near universities 
and research hospitals. Also these firms are in areas 
that there are big pharmaceutical companies, 
suppliers and entrepreneurial spirit of cooperation. 
(Shen, 2008: 21) in a study conducted in India we 
can conclude that the most key factors in the 
development of biotechnology are: Existence of 
strong governmental structure in the field of 
biotechnology and its importance from the viewpoint 
of politicians, human resources in biotechnology 
research and development with very high power in 
this field and there are strong network of national and 
international cooperation with other countries in the 
field of biotechnology [13].  Generally we can 
consider the main factors affecting total regional 
focus biotechnology research and development 
activities as transparency and agility of policies, 
patent protection, risky capital market, quality of 
human resources, external sources of knowledge, 
content of basic sciences in educational frameworks, 
interaction between universities, research centers and 
industry, public investment in research and 
development, government support of technology 
transfer, financial and tax incentives for private 
sector research and development, public participation 
with the private sector in research and development 
[7]. 

 
1-2-Biological and Environmental Technology: 

 
New approach to the environment in this century 

and considering it as a national capital of countries, 
the need to keep it with clean industries such as 
biotechnology has become the most important human 
concerns is current century. Remove dangerous 
environmental pollutants affecting the environment 
by using microorganisms and use of genetic 
technology stocks are considered as the 
biotechnology applications in the environment. 
Biotechnology applications in the industry also 
causes reduction of costs and energies and the more 
important thing it will have the less damages on the 
environment and it causes this technology be 
considered one of the cleanest technologies. 
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Also biotechnology causes that production of the 
goods that was not possible or was difficult before 
with other methods to be possible [10].  

 Biotechnology can directly and indirectly have 
positive effects on the environment and preserve 
natural resources. For example, using agricultural 
biotechnology causes significant amount of chemical 
toxins to be reduced from going into the 
environment. Traditional agriculture requires the use 
of millions of pounds of pesticide materials, 
insecticides, and soil enrichment material. These 
chemicals which mostly are harmful for the health of 
people, animals, and some beneficial insects remain 
in soil or groundwater. Science of biotechnology 
with natural can increase resistance to strengthen and 
reform the system of plant and produce biological 
insecticides which can help to solve this problem 
through this way to help the health of people and 
environment. 

 Environmental biotechnology in the field of 
environment uses many ways, cognitive methods for 
discovering and understanding the natural variability 
of the metabolic capabilities of microorganisms and 
their work. This branch of biotechnology involves 
the use of microorganisms to improve environmental 
conditions, the discovery of microorganisms with 
metabolic capabilities for industrial applications that 
can be used and using molecular methods to assess 
the natural distribution of microorganisms in the 
environment and their biological actions. Biological 
clearing that uses the metabolic capabilities of 
microorganisms to clean up the environment and 
eliminate pollutants (gasoline, agricultural pesticides, 
wastewater plants, petroleum ...) and other 
environmental problems, is an important branch of 
environmental technology which has been under 
attentions during recent years. This technique is 
based on the result of normal operation in which 
biological degradation of chemicals is destroyed by 
biological agents. Environmental biotechnology 
exists in the environment naturally. One of the 
primary examples is the phenomenon in which the 
fertilizer analyzes bacteria, fungi and other 
organisms and returns them to the soil. 
Environmental technology in the field of 
environment is a combination of traditional 
biotechnology and genetic engineering and it has 
actually three parts: [15]. 

1-Public warning on the damages that due to 
increasing pollutions which enter the environment 
and pollution cleanup efforts 

2-Measurement and assessment of damages to 
the environment due to pollutants 

3- To prevent contaminants from entering the 
environment as possible 

 Biotechnology in the field of environment  by 
putting surfaces affect the capacity of reducing 
global emissions and acid rain through the use of raw 
materials is renewable,  while the other could create 
more practical products such as light-activated 

chemicals, biodegradable polymers, and enzymes 
that are safer cleaner and competitive with traditional 
types.  

Dispelling the belief that biotechnology is 
useless or limited in scale is important. 
Biotechnology-based processes can be developed 
with power and large-scale and enter the industrial 
activities in big scales. 

Acceptance of biotechnology by the industry as 
a clean technology because purification  is cheaper at 
the end of process requires a long period of time for 
return on investment, the factories are required to be 
destroyed so that the good plants be built with bio-
technology facilities, biotechnology effects are not 
still obvious while the extra lack of uncertainty of 
that exists, imperfect information, the engineers are 
trained inadequately  in science of biotechnology and 
now know inadequately about the extra costs and 
their pollutions and this issue has occurred stage by 
stage and slower than what it was expected.  

OECD works on the option "green index" to 
compare the sustainability of industrial processes. 
This index includes the sustainability factors 
including: reduction of energy use, waste reduction, 
recycling of waste, safety of product and process and 
innovation is for continuous process improvement. 
OECD has considered biotechnology for clean 
products and processes. [3]. Biotechnology transfer 
occurs partially effective in Iran and the effective key 
factors for removing this decline include: [4]. 
Creating an appropriate legal regime to support 
advanced technologies such as biotechnology 

- Strengthening work teams 
- Strengthening and having strong belief to the 

research and development units and to avoid giving a 
ceremonial role in research and development units 

- Supervising the systemic administrators to 
biotechnology process transfer 

- Paying attention to the severe changes and 
developments in biotechnology and compiling a 
strategic program in this regard 

- Familiarity of managers with technology 
transfer methods and paying attention to legal aspects 
of the work along with other technical and financial 
aspects 

- Creating technology transfer center 
 

1-3- Environment Biotechnology in Iran: 
  
In the National Biotechnology Strategy 

Environment - the National Environmental review of 
Iran has been determined in 23 areas related to 
biotech environment. In sum of these areas, only 10 
areas which mean 47.6 % are actually working [16]. 
 
2 - Research Methodology:   

 
This research using library studies, 

questionnaires, and interviews and analyzing the 
survey and it has been done in applied and 
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measurement manner. Making quantity scale data is 
semi-metric. Statistical society includes all 
technology transfer projects in the biotech field 
environment in the country (Census). Questionnaire 
validity and reliability is done through a 
questionnaire survey from experts also by calculating 
Kronbach's alpha using SPSS software evaluation 
[8]. The process of technology transfer in this study 
is a four-step process, including procedures for 
selection, acquisition and adapt absorb and release 
and development and a separate questionnaire is 
considered for each stage. Questionnaires regarding 
the effective components in each stage have been 
complied through interviews with experts and library 
studies [15]. in this research experts comments on the 
importance value of each effective component in 
every phase of the transition process have been 
gathered in the field of environmental biotechnology 
(optimal conditions) and the amount that actually 
matter to any of these components related technology 
transfer projects. 

The points (range 0 to 100 points were defined 
in a way that 0 is the lowest importance and 100 
represents the highest importance) and the average of 
current situation, the average of ideal situation and 
the distance of the amount of the current average 
condition from the ideal situation is commutated for 
each stage separately (d); then they are obtained by 
calculating the average of ds, d has been calculated 
for each step of the process of technology transfer. 

 The t student test bilaterally (assuming zero is 
lack of significant difference between the desired 
situation of Experts and current situation, indeed the 
assumption of zero is defined as equality and 
inequality, so the t test bilaterally must be done) in 
confidence level of 95% for each stage is calculated 
separately to check whether there is important 
difference between current situation and the ideal 
situation considered by experts in the country 
projects in this area of technology? In other words it 
is examined whether each stage of the process has 
been fully and effectively done and all the effective 
parameters in these stages have been under attention 
desirably or not?  

t= ( d n ) /SD 
(Formula 1 - How to calculate the t- student) 
 
In the next stage, the indices component of each 

stage the have the greatest impact in creation of gap 
between existing conditions and favorable conditions 
will be identified thus Ds obtained from subtracting 
the mean conditions favorable will be arranged from 
the highest value to lowest value, if we divide the 
assessed range of 0 to 100 into 4 sections (0-25, 25-
50, 50-75, 75-100) the components corresponding 
index ds above the first range will be more than 25.  

In the next stage, the components will be 
arranged according to their quantity vale in the ideal 
situation.  Now if in range (0-25,25-50,50-75,75-
100), 75-100 interval be corresponding to the main 

components of specialists, then we can consider the 
indices components as the components which are in 
the joint area of both categories.  

It means the components that have the highest 
importance and the most intervals to the ideal status.  

These components are the components that the 
lack of attention to them is the most important factor 
for creation of interval with the ideal status. Finally, 
the conceptual model of technology transfer at each 
stage which is based on the results of evaluations 
done and fish bone model have been presented.  

 
2-1 - Selection Stage: 

 
35 components affecting the full implementation 

of this stage of the process by consulting with the 
experts have been identified and they were tested. 
Confidence level is 95% and freedom degree is 34:  

 
tcritical= 2.032 

d =2, n=35, SD=11.1 
t=14.8 
14.8> 2.032 

 
2-2 - The Stage of technology acquisition and 
adaptation:  

 
12 components affecting the full implementation 

of this stage of the process by consulting with the 
experts have been identified and they were tested. 
Confidence level is 95% and freedom degree is 11:  
tcritical= 2.201 

d = 26, n=12, SD=5.5 
t= 17 
17> 2.201 

 
2-3 - The stage of Absorption:  

 
24 components affecting the full implementation 

of this stage of the process by consulting with the 
experts have been identified and they were tested. 
Confidence level is 95% and freedom degree is 23:  
tcritical= 2.069 

d = 37.9, n=24, SD=17.4 
t=10.6 
10.6 >2.069 

 
2-4 - The stage of development:  

 
14 components affecting the full implementation 

of this stage of the process by consulting with the 
experts have been identified and they were tested. 
Confidence level is 95% and freedom degree is 12:  
tcritical=2.179 

d = 49.22, n=13, SD=19.14 
t=9.271 
9.271>2.179 
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3 - Conclusions And Recommendations: 
 
The results of the t student test in four-stage 

process of technology transfer in the field of biotech 
environment in Iran, the numerical value of t is 
calculated  by t critical which shows great difference 
and the gaps  between the current situation and the 
ideal situation considered by the  professionals. 

 On this basis, it is concluded that the process of 
technology transfer in this area does not happen 
effectively. The need for the effective transfer of 
technology is the full implementation of the above 
four steps and each of these steps will be fully 
implemented that all the effective of components in 
these stages be sufficiently under attention.  

When technology transfer is not done fully and 
effectively it means that the components listed in the 
four stages have been neglected and this causes 
failure in implementation of technology transfer 
effectively.  

As previously described components the 
identified indicators at each stage have the  greatest 
impact to create these gaps. These components are 
presented in conceptual models and they have been 
specified.  

Considering that the other components of 
technology transfer processes have been fortunate, 
therefore, it is recommended that the index 
components be under special attentions.   

By considering the process approach with regard 
to technology transfer, each of the four stages of the 
whole process of technology transfer can be 
separately considered as a process that has an input 
and an output gap in data entry and they causes data 

conversion. In this way, the fish bone diagram (cause 
and effect) for each step of the whole process of 
technology transfer can be drawn and by its 
expansion and putting the effective, we have 
achieved the factors in this conceptual model of 
technology transfer process at each stage.  

In the conceptual model of selection stage, the 
input of the process needs the perception of 
technology, the output of this stage of process is 
concluding a contract for technology transfer, in the 
conceptual model of the stage of acquisition and 
adapting of the process input and technology 
acquisition and its output is technology 
implementation.  

 In the conceptual model in the stage of 
absorbing and releasing process, there is input and 
output of human skill acquisition process of 
technology uptake and release internal and external 
organizational technology. And at a conceptual 
model for technology development stage, in the 
process input focuses on R&D and the process output 
focuses on development and exportation of 
technology.  

 Input to output conversion factors in these 
stages are the effective components. In these 
conceptual models, the index components that have 
the highest effect for creation of the gap between the 
current status and ideal status have been marked with 
underlined.  

It should be stressed that to ensure sustainability 
model introduced in this study, the credit level of that 
must be assessed in implementation in a form of a 
separate research work. 
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