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Introduction  

Technology is one of the main factors of economic 

development of each country. Today, selection of suitable 

technology for economic development, fulfilling essential needs 

of the country and planning in order to be applicable are very 

important. Seven new knowledge-based technologies include 

new material, biotechnology, nanotechnology; 

telecommunication,  information technology; robots and aviation 

have been considered by the development planners as strategic 

sciences of the century. In two recent decades, biotechnology 

has been considerably progressed and now is regarded as one of 

the important and effective sciences and techniques for 

improving development indices. With regard to low share of the 

country out of global export and necessity for increase of the 

country‟s share out of the world industrial products, an industry 

is needed, which fill this technologic and income can gap with 

the developed countries. With advance of societies and increase 

of population in the world, there is need for progress of sciences 

and technology in these countries. In most biotechnological 

articles, it is mentioned that biotechnology is a new emerging 

field which has not been developed long before. One can 

observe through study on biotechnological status that 

biotechnology dates back 1750 BC and even before that. 

Modern biotechnology started in early 70s in 20
th

 century. In 

early 80s, its first scientific application was concluded by 

confirming clinical use of human new-compound insulin. In 80s, 

multilateral new biotechnological development was done in 

different fields. In 2000, human genome plan was specified and 

century 21 was regarded as century of biotechnology 

development. Advance of biotechnology has been rapid in some 

recent decades.  

Research problem  

With regard to the performed studies and discussion with 

some biotechnology experts who have long experience of 

activity in the field of biotechnology, it was concluded that it is 

necessary to study biotechnology changes trend in Iran for 

improving condition of this industry and to identify the available 

problems and provide solutions for removing the problems with 

regard to views of the experts in industry. For example, one of 

the problems has been biotechnology transfer technology 

process without formulated and predetermined plan. Most 

managers and experts employed in this section have taken action 

regarding selection and acquisition of technology at times they 

have found need for technology transfer in their sections with 

regard to their technical and managerial records. It is evident 

that there will be more error in transfer of the technologies 

which have no formulated and specified plans.  

Research methodology  

Goals of execution of this research are to explain and 

describe condition of pharmaceutical biotechnology in the 

country recognize strong and weak points of this industry 

(especially technology transfer) in the country during the years 

of this industry and also to gather views of experts and 

researchers in this field for presentation of the model which can 
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help the specialists at time of technology transfer.  In this 

research, documents available in the libraries were studied in 

order to study the researches done on the research subject and 

publications such as biotechnology bulletin which is published 

by Presidency Technology Institution are studied and their 

useful materials regarding research subject are classified and 

applied in the research.  

For preparation of the questionnaire, effort has been made 

to gather the related information from respondent group by 

raising some questions. The questionnaire used in this article is a 

named questionnaire with regard to busy respondents, short time 

of response to the questions, time limitation in performance of 

research and rapid analysis of responses.  In order to determine 

accuracy of the questionnaire, limited number of questionnaire 

was copied and given to the experts and defective questions, 

ambiguous questions in original copy of the questionnaire which 

should be given to the main group were corrected. In this 

research, the respondents were interviewed.  In order to deal 

with space of interview and freedom of action in asking 

questions, free interview was used so that one can obtain answer 

of the questions in the best way.  

 In order to determine authenticity and increase trust in the 

given answers, the respondents were interviewed. 10 

questionnaires were considered for interview randomly among 

the gathered questionnaires.  

    With regard to the subject referred in the previous 

discussion, interview was used for gathering information for two 

other reasons. The first reason was about the experts and 

authorities who didn‟t answer the questionnaires for some 

reasons of which the most important ones were lack of time and 

lack of motivation for answering the questions. With regard to 

the need for views of these experts, these experts were 

interviewed. The second reason why the interview was used in 

this research was that it was hard to gather information in this 

research and the published information was mostly old and 

dispersed and necessary information was not available on most 

occasions.  

In this section, technology transfer was considered as a 

concept. This concept is dependent variable of the model and 

dimensions of this concept include selection and acquisition, 

conformity, application, development and promulgation. For 

each one of the following dimensions, its suitable 

subcomponents have been gathered. These cases are presented in 

table 1. 

Dematel Technique  

This technique was created in late 1971 in order to study 

very complex problems. Strategic and objective goals and of the 

global issues were considered in order to have access to suitable 

solutions and the experts of scientific, political , economic and 

social fields and leaders were used . In order to have access to 

judgment of the experts, the interview and questionnaire were 

frequently used. DEMATEL technique is applied in order to 

structure a sequence of the assumed information so that it 

studied intensity of the communication as ranking method. It 

studied feedbacks combined with their homogeneity and accepts 

non-transferable relations, though experimental information 

showed that (judgment of experts about direct communication of 

elements with each other) it allows transferability more or less.  

Case study 

Here, information has been analyzed with regard to the 

information obtained from questionnaires and interviews with 

experts. It is worth noting that three questionnaires have been 

used in order to gather views of the experts during term of 

research. The first and second questioners have been used for 

organizational study of biotechnology companies and specifying 

different stages of technology transfer. The third questionnaire 

has been designed on the basis of DEMATEL technique in 

which the studied indices have been extracted with regard to 

articles and books about biotechnology and in consideration of 

views of the experts of biotechnology.   

First questionnaire 

 In this questionnaire, it has been tried to extract general 

information about the studied companies. In this questionnaire, 

two series of open and closed questions have been used so that 

one can study views of the respondents properly. Information 

available in this questionnaire contains field of activities of the 

companies, combination of manpower, and technology transfer 

method (for answering the second question), barriers of 

technology transfer (for answering the first question).The 

technology transfer models are used (for answering the third 

question). With regard to type of the questions raised in this 

questionnaire, managing directors completed the questionnaire.  

Through the negotiations with different companies, seven 

companies and organizations active in biotechnology announced 

their agreement with research. These seven companies have 

been classified in the following table and their field of activity 

has been specified.   

Methods used for technology transfer  

The second question for specifying technology transfer 

method in companies active in pharmaceutical biotechnology 

has been designed. Answers given to this question are given in 

summary in table 3.  

With regard to study of table 4, it is found that technical 

training of the staff in developed countries industries with 40% 

has the most application in technology transfer in 

pharmaceutical biotechnology among the methods used in 

different companies. It seems that this method is suitably 

efficient in pharmaceutical biotechnology transfer in comparison 

to other methods. After this method, methods of establishing 

research centers in the technology origin country, technology 

transfer through contracts and technology transfer through 

reverse engineering are included in the next ranks.  

In response to the second question of research” what are 

methods of technology transfer in pharmaceutical biotechnology 

field?”Answer of this question is given in table 4. With regard to 

the presented material, one can conclude that technical training 

of the staff in developed countries is one of the methods used in 

pharmaceutical companies in the country.    

Technology transfer model  

The third question in the first questionnaire has been 

considered for gathering technology transfer models in different 

companies, but one company have not used technology transfer 

models. This question was ambiguous for most managers active 

in biotechnology and they didn‟t know if they can follow a 

single model or some models for technology transfer.   

We can answer the third research question “what model has 

been important for biotechnology transfer in pharmaceutical 

biotechnology field and what model is suitable in Iran? “That a 

special model has not been used for technology transfer in 

biotechnology field and there is need for presentation of a model 

in this field. A conceptual model has been presented for 

continuing this research.  

 barriers to technology transfer in pharmaceutical 

biotechnology  

This question was raised by aiming at barriers to technology 

transfer in biotechnology field which is the first research 

question. In order to gather information and conclude about 

barriers to technology transfer, the open question was raised 
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because the number of experts who can answer the questions 

properly was low. The results obtained from this question are 

given in table 5. With regard to the given answers, one can 

conclude that sanctions with frequency of 25% have priority. 

In order to be informed of technology transfer in 

biotechnology field in the country, this questionnaire was 

prepared to specify how technology transfer is in each one of the 

fields.  In this questionnaire, indices with views of professors 

and experts of this field were considered in order to test each 

one of the phases of technology transfer. information presented 

in this questionnaire will be answer to the fifth question.   

Selection and acquisition of technology 

In order to specify status of this phase, 12 indices were 

used. These indices and percentage of their completion in 

pharmaceutical biotechnology field are drawn in Figure 2. As 

shown in the diagram, the maximum effort is made to deal with 

three indices of training the experts receiving technology, 

execution of contract and foresight and prediction of technology.  

These indices are distant from maximum rate and more efforts 

have been made to promote these indices. The minimum actions 

in this phase are focused on three indices of communication with 

technology holder, encouraging them to cooperate and receive 

suggestion, presence of suitable infrastructures and assessment 

and determination of technologies required by the 

country/agency.  Double effort should be made to promote 

percentage of these indices so that one can increase percentage 

of selection and acquisition phase considerably.   

 
Figure 2: percentage of selection and acquisition phase 

Technology conformity  

In order to specify status of this phase, 13 indices have been 

used.  These indices and percentage of their completion are 

drawn in Figure 3. As shown in the diagram, the maximum 

effort is made to deal with three indices of equipping 

laboratories on the basis of import technology, gathering and 

compiling standards and conformity of substructures with import 

technology.  The minimum actions in this phase are focused on 

indices of revision in design of the product and making 

necessary changes, corrections and changes of methods in 

production and construction technique and study of organization 

and management and reorganization.  

 
Figure 3: percentage of conformity phase performance 

Technology absorption  

In order to specify status of this phase, 13 indices have been 

used.  These indices and percentage of their completion are 

drawn in Figure 4. As shown in the diagram, the maximum 

effort is made to deal with indices such as careful study of the 

received documents and use of cooperation of the experts during 

conformity of the acquired technology and employment of the 

specialized forces. There are also indices of study of similar 

technologies and visiting the plants out of the country and 

establishing relationship and effective use of research and 

university centers.  

 
Figure 4: percentage of absorption phase performance 

Technology application  

In order to specify status of this phase, 10 indices have been 

used.  These indices and percentage of their completion are 

drawn in Figure 5. As shown in the diagram, the maximum 

effort is made to deal with three indices of identification of 

market in access and sale of the product, supervision on 

execution of construction, installation and commissioning of 

machinery and equipment and documentation.  The minimum 

activities are bidding construction of the building, installations 

and accessory equipment and conclusion of contract with 

contractors, use of management systems and structures such as 

planning, production control, organization of manpower and 

necessary designs on the basis of the conformed technologies.  

 
Figure 5: percentage of application phase performance 

Technology development and improvement  

In order to specify status of this phase, 16 indices have been 

used.  These indices and percentage of their completion are 

drawn in Figure 6. As shown in the diagram, the maximum 

effort is made to deal with three indices of continual study of the 

available standards, gathering books and possible information in 

the field of experimental production and technology and 

removing its defects.   The minimum activities are post 

education courses with help of universities and higher education 

centers, doing common research with help of companies, 

research and university centers and study of demands, views and 

tastes of the potential customers.  

 
Figure 6: percentage of development phase performance 
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Publication  

In order to specify status of this phase, 14 indices have been 

used.  These indices and percentage of their completion are 

drawn in Figure 7. As shown in the diagram, the maximum 

effort is made to deal with three indices of publication through 

seminars and specialized conferences, publication of technology 

information and publication through mass media. The minimum 

activities are transfer of technology to other countries, 

publication through formal and informal trainings and 

presentation of finding resulting from transfer of technology to 

research and engineering centers.  

 
Figure 7: percentage of publication phase performance 

Results about phases of technology transfer  

In order to execute a process of technology transfer process, 

it is necessary that the authorities do their best to improve status 

of technology transfer phases and control status of 

biotechnology in the country by following and surveying this 

information regularly. Progressing six phases of technology 

transfer in order to make technology endogenous.  

 
Figure 8: percentage of technology transfer process 

Conclusion of the second questionnaire specifies status of 

technology transfer in the field of pharmaceutical biotechnology 

in Iran. As shown in Figure 8, application phase with 67.08 has 

the highest rank. High rank of this phase is due to suitable 

market for products of pharmaceutical biotechnology and the 

activities performed in this phase should be done by the 

companies and they independent perform these activities. After 

it, phases of acquisition, absorption, conformity, development 

and publication are prioritized. Percentage of performance of 

technology transfer process specifies that status of technology 

transfer in the field of pharmaceutical biotechnology in Iran is 

not so satisfactory. This subject is worsened in publication phase 

which can create problem in Iran in the future because 

technology development in an economic agency level and even 

in a section level will not be possible without expanding it in 

structure of sciences and technology of society.  Distance of 

65% between this phase and final value shows that there is need 

for more activity and effort in order to make biotechnology 

endogenous in the country.  

The information gathered in this section is an answer to the 

fifth question of the research on status of technology transfer 

process in pharmaceutical biotechnology. All phases of 

technology transfer process were studied. The information given 

in this section proves authenticity of the first hypothesis „‟phases 

of development and promulgation have not grown properly in 

technology transfer phases. In this section, method of calculation 

in DEMATEL technique is summarized. Constituent elements of 

this matrix have been specified through NGT method and on the 

basis of view and interview with five experts of pharmaceutical 

biotechnology industry. List of these factors is given in table 6.   

Ranking method  

In this stage, the extracted elements in the previous stage 

are written in a matrix of 93*93   and experts were asked to rank 

relationships between elements by distributing the above matrix. 

In this ranking method, zero number was used for the least effect 

and 10 were used for the maximum effect. It is necessary to note 

that the expert is asked about the intensity of direct relationships 

between elements (generally DEMATEL method) and he is 

asked to make comment about it. In order to ensure authenticity 

of numbers and increase accuracy of the calculation in 

DEMATEL method, each company was given two matrices to 

be completed by experts and specialists of the companies and 

their views were averaged.  

The obtained matrix was named M^ indicating intensity of 

influence of the available elements from that row on element 

available in that column (Asghar Pour, 2003).  

 Total intensity of an element (across longitudinal axis) in 

terms of dispatching and receiving  

In this section, total intensity of dispatching and receiving 

elements is given. Actual place of each element in final 

hierarchy is specified by column(R-J) and  (R+J) so that (R-J) 

shows position of an element (across traverse axis) and this 

position will be dispatcher in case of being positive (R-J) and it 

will be receiver in case of being negative . (R+J) shows total 

intensity of an element (across longitudinal axis) in terms of 

dispatching and receiving.   

Explanation of conceptual model 

The presented model has been designed on this basis that 

most of the companies which are active in biotechnology field e 

part of small or medium companies. Therefore, these companies 

don‟t have enough capital to have ready access to required 

financial sources in order to compensate for the performed 

investment and get necessary profit and spend this profit in 

performing research, innovation and development of new 

products.  

In suggested model, two overlapping circles have been used 

for technology transfer. In external circle, the companies can 

take action regarding getting the related technology (technology 

transfer). This circle includes phases of technology prediction, 

technology assessment, methods of technology transfer and six 

phases of technology transfer which will result in 

commercialization and customer. In order to do successful 

commercialization, phases of development and publication 

should be considered in technology transfer process.  In this 

model, it is suggested to perform activities of selection and 

acquisition, absorption and conformity and application 

sequentially. At the same time, specified activities should be 

performed in the company for development and publication of 

technology. As mentioned before, these two processes had lower 

percentage of execution than other processes had and it is 

necessary to adopt some formulates plans for improving them to 

do effective commercialization process. In external circle, the 

product is commercialized and is given to the customer and we 

will have accumulation of technology in company and society 

because, the information obtained during technology transfer 

process will be transferred to research and development unit and 

published in society.   
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In the next phase, present and future needs and demands of 

the customers will be dealt with and this information causes to 

create4 new ideas in the company. The company will study if 

one can create these ideas with regard to accumulation of the 

created technology in research and development unit inside the 

company .in case that the answer is yes, these ideas are sent to 

research and development unit for performing and competing 

phases to be converted to the product which fulfills need of the 

customer after passing phases mentioned in the model. This 

product development process can cause to create competitive 

advantage. In this phase, ideas are turned into a product and 

science to wealth conversion trend will be performed.  In this 

model, it is not necessary for the companies to perform all 

phases of converting idea to the product by themselves but they 

can benefit from scientific and university centers in the country 

and companies will try to deal with innovation process. In this 

model, research and development and innovation will be critical 

for prevention from premature death of the biotechnology 

companies.  

Innovation model has been considered on the basis of 

market elasticity or demand elasticity. In this model, innovations 

are results of demand and need of markets and market demand 

creates new need of technology development in the companies. 

In this model, most innovations result from work of the units 

which communicate with customer directly because these units 

know need of the customer and recognize place of investments. 

In this model, market determines what projects of research and 

development should be invested and emphasis is on market and 

customer‟s need.  

At the end of this phase, there are product marketing and 

technology marketing in which the experts investigate status of 

the product in market and if they face an improper market, they 

will notify the research units and a feedback will be created in 

the company. Some factors out of the control of the company 

will be effective on technology transfer process, which are 

classified into cultural, economic, political, legal and 

technological factors like other technology transfer models. 

With regard to the results obtained from analysis of the gathered 

information in DEMATEL method, one can specify the elements 

which are effective on these factors and finally on technology 

transfer process. Regarding political factors, the most important 

factor is economic sanctions in Iran which has effect on the 

entire process of technology transfer.  There are more cases 

about legal factors which include role of supervisory bodies, 

intellectual property rights, role of technology transfer centers 

and specialized biotechnology courts. The most important 

cultural factors are management stability and transfer of 

biotechnological finding to scientific and university centers. 

Important parameters in economic factors are trend of research, 

budget, and loan and grant supports. Important technological 

parameters are technology assessment, adjustment of technology 

with conditions of the country and training of technology to the 

receiving country. In the relates model, it is suggested to 

perform all phases of technology transfer under supervision of 

person (group) as senior authority of technology so that this 

person (group) takes action regarding determination of suitable 

indices for each phase of technology transfer and measures 

completeness of each phase and remove defects and problems of 

transfer.   

 

 

 

 

 

 
Figure 9: Suggested conceptual Technology transfer model 

Conclusion 

On the basis of table 4, it is clear that the most frequent 

method of technology transfer used in biotechnology in Iran is 

technical training of staff in the developed countries.  This 

subject is an answer to the second question of the research. This 

method of technology transfer is one of the modern methods of 

technology transfer. With regard to the information gathered 

from the distributed questionnaires, it was specified that most of 

companies active in pharmaceutical biotechnology have not used 

a clear model for technology transfer. Only 14.2% of the 

companies (one company out of 7 studied companies) have used 

the model for technology transfer. With regard to the 

information gathered from the distributed questionnaires, it was 

clear that one can cluster major barriers of technology transfer in 

this field in accordance with table 5. Major barriers are 

economic sanctions of Iran and management instability in major 

level. With regard to information analysis in DEMATEL 

method, these two factors are of the factors effective on 

technology transfer process. Policy makers in pharmaceutical 

biotechnology field should find suitable strategies in order to 

control such problems. With regard to the information obtained 

from distribution of the second questionnaire, one can conclude 

that process of technology transfer in Iran has not been 

performed completely. This case can prevent from expansion of 

this industry in the country. By studying different phases of 

technology transfer in the country, one can specify some of the 

barriers to technology transfer in the country. Generally, we 

conclude through study of technology transfer process that we 

have more problems in phases of development and publication 

in comparison to other phases and this indicates that it is 

necessary to follow this subject seriously in major biotechnology 

policy making. In order to perform technology transfer, other 

conditions in a country should be considered in addition to 

issues mentioned in the previous sections such as six-phase 

process of technology transfer. It is necessary for a factor to be 

receiver or dispatcher in correct decision making and authorities 

should try to improve status of the dispatcher elements. In order 

to improve status of technology transfer in pharmaceutical 

biotechnology field, it is necessary to invest on some elements 

such as role of supervisory and decision making bodies, 

presence of sanctions, intellectual property rights system, 

management stability, and cultural factors than other elements 

under suitable conditions. The elements which are subject to 

other elements are obtaining local and foreign standards, 

Commercializing medicines and produced vaccines, Use of 

specialists  of other countries or Iranian researchers residing in 

other countries and even use of local resources are subject to 

other elements in pharmaceutical biotechnology.   
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Table 1: relation of concept, component dimension 
Concept Dimension Component   

  Assessment and determination of required technologies of country/agency 

  Study and selection of suitable technologies for transfer  

  Study and recognition of technology authorities and recognition of technology transfer methods  

  Prioritizing possible methods of technology transfer  

 Selection and acquisition Communication with technology owners , encouraging them to cooperate and receive suggestion  

  Negotiation for attaining the best situation  

  Preparing draft and concluding contract  

  Enforcement of contract  

  termination and documentation  

  Revision in product design and making necessary changes  

  Correction and changes of the methods I production and construction techniques  

 Conformity Adjusting building and installations  with production methods and volumes  

  Study of the organization  and required management and reorganization  

  Correction and change of product sample  

  Planning for absorption of technology, study of documents and training inside and outside the country  

  Employment of specialized manpower  

 Absorption Establishment of research unit (study of technology from conclusion of the contract t exploitation of technology ) 

  Study of similar technologies and visiting plants out of the country   

  Necessary designs on the basis of conformed technologies  

Technology transfer 

 

 Use of managerial systems such as planning , production control , manpower organization  

 Application Preparing organizational chart  

  Execution of machinery construction , transportation and installations and commissioning operations  

  Exploitation of the performed actions  

  Product marketing and sale  

  Design and production of new products  

 Development Making educational sample  

  Experimental production and removing defects   

  Mass production  

  Publication of technology achievements in industry and university level  

 Promulgation   Teaching knowledge in technical and vocational institutes  

  Publication of technology information in publications   

  Encouraging researcher in the industry  

Table 2: list of the companies studied in this research and type of the manufactured products 
Field of activity Name of company Row 

Production of interferon and single lineage antibodies Sina Gene  1 

Production of herbal medicines in biotechnology method  Pars Rose  2 

Production of different types of vaccine  Pastor Institute  3 

GCSF, Alpha interferon EPO University of Tehran  4 

Gasilase , production of asiagenase enzyme and penicillin Behshid Zist Fanavar  5 

Anti cancer and cardiovascular new compound medicines Aria Tina Gene  6 

Production of interferon New compound products  7 

Table 3: access of the companies to the related technologies 
Access to the technology Name of company Row 

Establishment of research centers in the technology origin country, Joint venture, technical training of the staff in the developed countries, 

employment of the foreign labor, technology transfer through contracts, technology transfer through reverse engineering  

Sina Gene  1 

Establishment of research centers in the technology origin country, technical training of the staff in the developed countries , Pars Rose  2 

technical training of the staff in the developed countries industries, technology transfer through contracts  Pastor Institute  3 

technical training of the staff in the developed countries industries University of 

Tehran  

4 

Primary research order to a foreign company(2 cases)   Behshid Zist 

Fanavar  

5 

training the staff in the developed countries industries and technology transfer through reverse engineering  Aria Tina Gene  6 

technical training of the staff in the developed countries industries New compound 

products  

7 

Table 4: frequency and frequency percentage of technology transfer methods 
Frequency percentage Frequency technology transfer method  Row 

6.66 1 Joint venture 1 

13.33 2 Establishment of research centers in the technology origin country  2 

6.66 1 employment of the foreign labor  3 

13.33 2  technology transfer through contracts , 4 

13.33 2 technology transfer through reverse engineering 5 

40 6 technical training of the staff in the developed countries  6 

6.66 1 Primary research order to a foreign company(2 cases)   7 

100 15  Total 

Table 5: barriers to technology transfer in pharmaceutical biotechnology 
Frequency percentage Frequency barriers to technology transfer Row 

25 18 Sanctions and lack of access to the suitable equipment  

 

1 

20.83 15 Lack of suitable planning   2 

20.83 15 instability of the management in major level  3 

12.5 9 Need for more manpower  4 

125 9 failure to pay loan and financial supports  5 

8.34 6 Lack of risk capital 6 

100 72  Total 
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