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Abstract. Decision making under uncertainty is one of the most important steps required for long-term 

development policy making. Robust policy making is the analytical framework proposed for finding 

stable policies to face future uncertainties. In this paper, a qualitative robust policy making mode is 

proposed via the application of scenario based fuzzy TOPSIS. In this study, technology transfer is 

categorized as complex problem with regard to the imprecise information about the future of the 

technology and its environment. This paper indicates how different technology transfer strategies can be 

ranked considering different future scenarios based on fuzzy TOPSIS. Iran gas industry is studied as a 

case study to rank technology transfer strategies using four future scenarios. Fuzzy TOPSIS is 

implemented with four similarity measures and three ideal solutions. According to overall ranking results, 

internal research and development (R&D) is selected as the most appropriate technology transfer strategy 

for facing future uncertainties in  Iran gas industry. Joint venture and license purchasing are the next two 

appropriate technology transfer strategies introduced to ensure faster ways of technology transfer and 

work force training in one hand and hedging risks of future uncertainties of the system on the other. 

Keywords: robustness,technology policy making, fuzzy TOPSIS, scenario planning, gas industry 

Introduction 

Decision making under deep uncertainty is a new field of research for scholars facing 

with problems with no explicitly ascribed futures. In general, uncertainty is defined as 

limited knowledge about future, past or current events. In this situation no probabilities 

can be explicitly ascribed to parameter estimates or states of nature (Do, 2008). 

Technology policy making is known as an uncertain process due to rapidly changing 

nature of technology and rapid changes in its influential factors. Accordingly, 

technology policy maker should consider uncertainties in order to avoid unscheduled 

problems during the policy implementation phase. Technology transfer policy making is 

a major field of study which refers to deciding whether to make technology, buy it or to 

enter an alliance with respect to future uncertainties (Segal-Horn and Faulkner, 2010, 

Jiang et al., 2010). Thereupon, a policy maker should have a clear view of future events 

and needs to make policies so as to face the described future. Many scholars have used 

scenario planning to prepare policies for possible futures and make them more resilient 

and creative (Hiltunen, 2009). This method can be used to make technology transfer 

policies more robust to future changes of technology and its environmental 

uncertainties. Once scenarios are made, a tool to select the best policy against developed 

futures is needed. In this paper the scenario planning method is enhanced with fuzzy 

TOPSIS to choose robust technology transfer policy. Fuzzy TOPSIS is applied in this 

mailto:Ghodsypo@aut.ac.ir


Servati et al.: Robust technology transfer policy making using scenario based fuzzy TOPSIS ‒ a case study of Iran’s gas industry 

- 594 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 15(3): 593-610. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1503_593610 

 2017, ALÖKI Kft., Budapest, Hungary 

study owing to the high number of criteria and policies. The methodology is 

implemented in Iran gas industry as a case study to display its empirical results. Final 

results shows  that, internal research and development (R&D) is the  most appropriate 

technology transfer strategy for covering future ambiguities of Iran gas industry. Joint 

venture and license purchasing are the next two proper technology transfer strategies.     

This paper is organized as follows. It begins with a brief discussion of the technology 

transfer models followed by the introduction of  certainty, risk and uncertainty. In the 

next section, scenario planning methodology is explained and its role in coping with 

deep uncertainty is defined. Then, fuzzy TOPSIS method is explained as a well-known 

Multi Objective Decision Making tool. Next section describes Qualitative robust 

technology transfer policy making under deep uncertainty and examines its design 

steps. Finally, with an empirical manner, the introduced methodology is utilized to 

select the most appropriate way of technology transfer in Iran gas industry considering 

probable futures. 

Literature Review  

Technology transfer modes 

The definition of technology transfer differs substantially from one discipline to 

another (Rennkamp and Boyd, 2015). The descriptions of technology transfer can be 

summarized as: Technology transfer is the flow of technology and is an important 

means of technology development. Technology transfer is the transfer, proliferation, 

promotion, and transplantation of technical achievements in different countries, regions, 

sectors, industries, or enterprises (Audretsch et al., 2014). Figure 1 depicts overall 

process of technology management and technology transfer. 
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Figure 1. Overall process of Technology Management 

 

 

As sketched in Figure 1 above, the core processes in technology transfer are  finding 

an appropriate way to access the technology, reaching appropriate sources for the 

technology, negotiation and making contract, and finally obtaining the technology 

(Arasti et al., 2008). In the literature there are variety of models used for selection of 

technology transfer modes including positioning (Hax and Majluf, 1996, Babafemi, 
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2015) resource based ones (Chiesa, 2001), dynamic (Jayaraman et al., 2004) network 

based ones (Theodorakopoulos et al., 2012).  

According to Chiesa model (Chiesa, 2001) there are two clusters of methods for 

planned transfers that permit access to and use of, technological know-how: 

(1) Going solo methods: these methods are based on internal functions of the system 

and are used in cases of availability of capabilities in the system, protection of 

proprietary technologies, controlling technology development and use, building and 

renewing capabilities and when there is lack of intellectual property rights (Jolly, 

1995). An example for these methods is (Chiesa, 2001): 

 Internal R&D: R&D and innovation procedure take place inside the system 

relying on internal research centers and scientists 

(2) Collaborating methods: these methods are based on collaboration of two or more 

entities when required (Jolly, 1995):  

 To Enable the firm to obtain skills or resources more quickly  

 To attain some of the necessary resources and capabilities  

 To have peer learning  

 To share the cost and risks of projects  

 To facilitate the creation of a shared standard  

 To easily access a new market (Developing countries) or step into an industry  

Arasti et al. (2008) introduce a comprehensive model for the selection of an 

appropriate mode of technology transfer on the basis of Chiesa (2001) model. In this 

paper, Arasti model is employed for the evaluation process. 

 

 Scenario planning  

Scenarios are considered as valuable tools that help organizations to prepare for 

possible eventualities, and makes them more flexible and more innovative (Hiltunen, 

2009). Therefore, increasing emphasis is being placed on the use of scenario planning 

techniques because of its usefulness in times of uncertainty and complexity 

(Schoemaker, 2015). It should however be mentioned that although no scenario can 

give us an accurate description of the future (Varum and Melo, 2010), consideration of 

scenarios as multiple possible future alternatives helps us  make planned future policies 

in a holistic manner (Jetter, 2003; Burt and van der Heijden, 2003) and, 

hence,improving ability to deal with uncertainty and overall decision making process 

(Varum and Melo, 2010; Fan et al., 2015). 

There are three major scenario development techniques (Durance and Godet, 2010; 

Bezold, 2010; Bradfield et al., 2005) in the literature. Main steps of making scenarios 

are shown in Figure 2. 
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Figure 2. Overall procedure of scenario development  methodology (Wright and Cairns, 2011) 

 

 

Fuzzy TOPSIS   

Fuzzy sets, introduced by Zadeh in 1965 (Zadeh, 1965), provide a new mathematical 

tool to deal with uncertainty of information. Since then, fuzzy set theory has been 

rapidly developed and many successful real applications of fuzzy sets and systems in 

wide-ranging fields have emerged (e.g. Şengül et al., 2015). A fuzzy set of X is 

defined by its membership function when X is a universal set. 

 

 
 

The value of  represents the grade of membership of x in X and is interpreted 

as the degree to which x belongs to  therefore the closer the value of   to 1, the 

more its belonging to  (Lu et al., 2007). A fuzzy set can be characterized as a set of 

ordered pairs of elements x and grade  and is noted as: 

 

 
 

Basic notions and Operations and properties of fuzzy sets can be found in the 

literature (Lu et al., 2007). Following the introduction of  fuzzy sets in the following 

paragraphs, fuzzy TOPSIS method is briefly explained. 

The Technique for Order Preferences by Similarity to an Ideal Solution (TOPSIS) 

was first introduced by Hwang and Yoon (1981). The main idea is to choose a solution 

nearest to the positive ideal solution and farthest from the  negative ideal solution 

(Tzeng and Huang, 2011).  
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The fuzzy TOPSIS Method can be implemented by the following steps (Hwang and 

Yoon, 1981): 

Let : 

 

   
 

   
 

Where can be linguistic variables described by any form 

of fuzzy numbers. 

Step 1: Calculation of the importance of the criteria and the rating of alternatives 

with respect to each criterion:  

If a decision group is assumed to have K persons, then the importance of the criteria 

and the rating of alternatives with respect to each criterion can be calculated as (Chen, 

2000): 

 

  (Eq. 3) 

 

 

  (Eq. 4) 

 

Step 2: Calculating the normalized fuzzy decision matrix (FDM)  for trapezoidal 

fuzzy numbers as 

 

  (Eq. 5) 

 

Where 

 

  (Eq. 6) 

 

 

 

  (Eq. 7) 

 

 

  (Eq. 8) 

 

  (Eq. 9) 

 

And B and C are the set of benefit criteria and the set of cost criteria, respectively 

(Chen et al., 1992). 

(Eq. 1) 

(Eq. 2) 
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Step 3: Calculate the weighed normalized FDM   as: 

 

  (Eq. 10) 

 

Where 

 

   (Eq. 11) 

 

Step 4: Identifying the fuzzy positive-ideal solution (FPIS, ) and the fuzzy 

negative-ideal solution (FNIS, ) as 

 

   (Eq. 12) 

 

   (Eq. 13) 

 

There are 3 ways of defining FPIS and FNIS in the literature. Table 1 shows different 

methods and the formulations used in the literature. Luukka has compared these three 

suggestions in the literature (Luukka, 2011). 

 
Table 1. Criteria for defining FPIS and FNIS 

developer   

Chen et al. (2006)   

Chen (2000) (1,1,1,1) (0,0,0,0) 

Luukka (2011)   

 

 

Notice that the last choice of fuzzy ideal solutions is the only one that is truly a 

trapezoidal fuzzy number, whereas the other two choices are crisp numbers that are 

presented as trapezoidal fuzzy numbers. 

Step 5: Calculating the similarity matrix as  

 

 

  (Eq. 14) 

 

 

 

  (Eq. 15) 

 

 

Where (A,B) is chosen from similarity measures given in Table 2. 
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Table 2. Similarity measures introduced for TOPSIS method 

Similarity 

measure 
Formulation Developer 

 

 

d(A,B) = P(A)-P(B) 

P(x)=  

Chen and 

Hsieh 

(1999), 

Chen and 

Chen, 

(2003) 

 
 

 

Chen 
(2000) 

 
 

 

Wei and 

Chen 

(2009) 

 

 

 

A(X)=Area(X)=  

Hejazi et 

al. (2011) 

 

 

Step 6: Calculating the closeness coefficient of each alternative as 

 

   (Eq. 16) 

 

 

Closeness coefficient is calculated to determine the ranking order of all possible 

technology transfer methods. The closeness coefficient takes into account the similarity 

of the method to the FPIS and Dissimilarity to the FNIS simultaneously, by calculating 

the relative closeness to the fuzzy positive ideal solution. 

Step 7: Ranking alternatives according to the values of C  in descending order and 

choosing an alternative with the maximum C . As already mentioned, there are 3 

criteria introduced to define the ideal solution and 4 calculation methods to define 

closeness coefficient which in total result in 12 different sets of closeness coefficient. 

Collan and Luukka (2013) ranks R&D projects in his study using these 12 sets of project 

ranking by definition of a triangular fuzzy number  where: 

 

   (Eq. 17) 

 

  (Eq. 18) 

 

  (Eq. 19) 

 

  (Eq. 20) 

 

These fuzzy numbers can be ranked using Kaufmann and Gupta (1988) method of  

ranking triangular fuzzy numbers to display overall ranking of attributes.  
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Proposed model: Qualitative Robust Technology Transfer (QRTT) policy making 

under deep uncertainty 

In this paper, the model depicted in Figure 3 is utilized to make robust policies under 

deep uncertainty. Realization of the policy making task demonstrated in Figure 3 calls 

for three main steps to take. 

 

 

Figure 3. Proposed model for QRTT policy making under deep uncertainty 

 

 

Identification of decision area 

In this phase, all important information required to define the technology transfer 

task and major factors influencing the policy making procedure are collected. 

Technology transfer methods used in this paper are shown in Table 3 (Mohaghar et al., 

2012; Arasti et al., 2008).  

 
Table 3. Technology transfer strategies (TTS) 

1 Internal R&D 7 Alliance 

2 Technology Acquisition 8 License purchase 

3 Merger 9 R&D Out sourcing 

4 Joint venture 10 Minority equity 

5 Joint R&D   

6 Employment and Manpower training and exchange   

 

 

The task is ranking TTS so as to choose the one that performs best in all probable 

futures. The next step is to scan environmental components influencing technology and 

transfer task. PEST analysis (Political, Economic, Social and Technological analysis) 

describes a framework of macro-environmental factors used in the environmental 

scanning component of strategic management. Some analysts added Legal and 

rearranged the mnemonic to SLEPT, while with the incorporation of  Environmental 

factors  it was expanded to PESTEL analysis (Walsh, 2005).  

After mapping most important environmental factors,  the next step is to define how 

these factors can affect each other and make transparent view of influence map in the 

system. Cross Impact Analysis (CIA) is a methodology developed by Theodore Gordon 

and Olaf Helmer to help determine how relationships between events would impact 

resulting events and reduce uncertainty in the future (Servati et al., 2015). CIS exploits 

http://en.wikipedia.org/wiki/Environmental_scanning
http://en.wikipedia.org/wiki/Environmental_scanning
http://en.wikipedia.org/wiki/Strategic_management
http://en.wikipedia.org/wiki/Methodology
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different techniques in analyzing inter-relationships by using a cross impact matrix , as 

a tool for systematic description of all potential modes of interaction between a given 

set of variables and  assessment of the strength of these interactions (Schlange and 

Jüttner, 1997). Several versions of CIA have been developed by researchers that can be 

used in this step (Linss and Fried, 2010; Asan et al., 2004; Servati et al., 2015). 

 

Building technology environment future scenarios 

Scenario planning as a systematic process to define  plausible boundaries of future 

states of the world is particularly useful in environments where deep uncertainty 

prevails. It aims to identify and create robust strategic options (Ram and Montibeller, 

2012). In this phase, scenario planning takes place by performing Figure 2 steps.  

 

Making robust technology transfer policies using Fuzzy TOPSIS 

TTS can be ranked through fuzzy TOPSIS considering developed scenarios for the 

system. In order to do so, technology transfer criteria and factors are required to evaluate 

each strategy according to these factors in each scenario. Overall ranking outcomes of 

running the model indicates strategies that best overcome barriers of scenarios and have the 

most rewarding outputs with respect to evaluation criteria and factors. 

Illustrative example 

In order to realize the evaluation of  introduced methodology outcomes, the method 

is implemented to make robust technology transfer policies for Iran gas industry using 

prepared normative scenarios (Ghalambor et al., 2012) and adopted technology transfer 

criteria (Mohaghar et al., 2012; Morrissey and Almonacid, 2005; Yang and Maskus, 

2009; Jayaraman et al., 2004; Saad et al., 2002) which are mentioned in the literature. 

 

Scenarios for Iran gas industry 

Scenarios used in this paper are developed using two important moving forces of Iran 

gas industry: Political relations and government’s dependence on petroleum. These two 

moving forces are selected out of 235 factors in economical , political , social, legal, 

environmental, and technological areas (Ghalambor et al., 2012). Figure 4 sketches 

overall characteristics of utilized scenarios. 

In the Playful Rabbit scenario, there are many tensions in Iran political relations. In 

this scenario, Iran will cooperate strategically with the countries which demand its 

resources and stand against the opposing superpowers. Low investment in petroleum 

products and high dependence of the government’s budget on petroleum are other signs of 

this scenario. In the Runaway Snake scenario, there are severe tensions among Iran and 

other countries. Moreover, rapid growth of using alternative fuels occurs on one hand and 

reduced dependence of the government’s budget on oil will happen on the other. 

According to Noble Horse scenario, Iran has access to pioneer technologies and is 

able to guarantee a safe investment in the country. Moreover, as  consumption of 

alternative fuels rapidly grows throughout the world, the government reduces its 

reliance on oil. Finally, in the Sleeping Lion scenario, Iran has good political relations, 

and due to the increase in oil price and, hence, proliferation of oil revenue share in 

government’s budget, rapid growth of technology is expected.  
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Figure 4. Scenarios facing Iran Gas industry (Ghalambor et al., 2012). 

 

 

Oil and gas technology transfer criteria and factors 

Evaluation of technology transfer requires criteria that are specific to the 

manufacture, application and transfer process of technologies (Metz and Turkson, 

2000). Technology transfer process enjoys its own factors in evaluating the best transfer 

method. Table 4 shows different factors and suggested methods for evaluation of 

transfer mode of technology in oil and gas process. Regarding these factors and 

suggested methods, TTS are evaluated with respect to introduced scenarios. 

Accordingly, data collection is performed by 30 questionnaires. The questioners are 

distributed among the managers of oil and gas companies with total 26 completed 

replies sent back. Arasti et al. (2008) model has been attached to the questionnaires as a 

complementary tool to aid managers in evaluating each strategy for technology transfer. 

Results can be beneficial in distinguishing strategy evaluation differences with and 

without using future scenarios of industry. 

 
Table 4. Criteria and factors in the evaluation of oil and gas process technology transfer 

(Arasti et al., 2008; Chiesa, 2001; Tahmooresnejad et al., 2011) 

Criteria Factor Abbr

eviati

on 

Familiarity with 

Technology and market 

Familiarity with Technology and market F1 

Nature of technology Technology life cycle F2 

Relevance for competitive advantage F3 

Organization Original country(Cultural condition) F4 

Original country (Power and size) F5 

Willingness and ability of technology client to meet 

requirements of technology source and control power of 

technology owner on the way technology is used  

F6 
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Technology client 

policies 

Assets specialization / Investment F7 

Need for technology acquisition within the organization F8 

Need to rapid access to technology F9 

Ability to protect technology F10 

Level of risk F11 

Firms ability in technology F12 

Good cooperation 

between the owner and 

the receiver of 

technology 

purpose of partnership F13 

Ability to define the terms of partnership F14 

Link with the Firm F15 

Assets Divisibility F16 

Results and Discussion 

The importance weights of each criterion can be assessed through either direct or 

indirect pairwise comparisons (Hsu and Chen, 1996). It is , accordingly, suggested that 

decision makers use the linguistic variables (shown in Tables 5 and 6) to evaluate the 

importance of  criteria and the rating of alternatives with respect to various criteria. 

Table 7 shows importance weights of technology transfer evaluation factors used to 

rank technology transfer methods for Iran Gas industry. The next step is construction of 

FDM. FDM for technology transfer methods is shown in Appendix 1. The decision 

matrix is completed  using linguistic variables shown in Table 5. 

 
Table 5. Linguistic variables for rating appropriateness 

of the selected technology transfer method 

Linguistic variable Fuzzy number 

Very Poor (VP) [0,0,1,2, 1] 

Poor (P)  [1,2,2,3, 1] 

Medium Poor (MP)  [2,3,4,5, 1] 

Fair (F)  [4,5,5,6, 1] 

Medium Good (MG) [5,6,7,8, 1] 

Good (G) [7,8,8,9, 1] 

Very Good (VG)  [8,9,10,10,1] 

 

 
Table 6. Linguistic variables for  importance weight of 

each criterion 

Linguistic variables for the ratings 

Very low (VL) [0 0 0.1 0.2 1] 

Low (L)  [0.1 0.2 0.2 0.3 1] 

Medium low (ML)  [0.2 0.3 0.4 0.5 1] 

Medium (M)  [0.4 0.5 0.5 0.6 1] 

Medium high (MH) [0.5 0.6 0.7 0.8 1] 

High (H) [0.7 0.8 0.8 0.9 1] 

Very high (VH)  [0.8 0.9 1.0 1.0 1] 
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Table 7. Linguistic variables for importance weight of 

technology transfer evaluation factors 

Factor Importance 

weight 

Factor Importance 

weight 

F1 MH F9 VH 

F2 H F10 M 

F3 H F11 H 

F4 MH F12 M 

F5 H F13 MH 

F6 VH F14 MH 

F7 H F15 M 

F8 MH F16 M 

 

 

After the calculation of the normalized FDM and weighted normalized FDM,  

closeness coefficient is calculated for all combinations of three ideal solution 

possibilities and four similarity measure choices resulting in twelve different orders of 

closeness coefficient for TTS. Resulted closeness coefficient orders are shown in Table 

8. These data can be used to obtain ranking of each strategy among all combinations of 

similarity measures and ideal solution possibilities. Results of the ranking are 

demonstratd in Table 9.   

 
Table 8. closeness coefficient orders for twelve combinations of similarity measures and 

ideal solution possibility 

 
First criteria for ideal 

solution 

Second criteria for ideal 

solution 

Third criteria for ideal 

solution 

TTS 
Simi 

=1 

Simi 

=2 

Simi 

=3 

Simi 

=4 

Simi 

=1 

Simi 

=2 

Simi 

=3 

Simi 

=4 

Simi 

=1 

Simi 

=2 

Simi 

=3 

Simi 

=4 

1 0.46 0.35 0.42 0.41 0.43 0.20 0.30 0.29 0.49 0.47 0.47 0.46 

2 0.46 0.33 0.41 0.40 0.43 0.01 0.29 0.28 0.48 0.45 0.47 0.30 

3 0.46 0.34 0.42 0.41 0.43 0.18 0.30 0.29 0.49 0.46 0.47 0.46 

4 0.39 0.10 0.25 0.25 0.37 0.21 0.10 0.10 0.41 0.20 0.32 0.39 

5 0.43 0.24 0.34 0.34 0.40 0.12 0.21 0.20 0.45 0.34 0.40 0.46 

6 0.51 0.53 0.52 0.52 0.48 0.01 0.43 0.42 0.53 0.63 0.56 0.57 

7 0.48 0.42 0.46 0.46 0.45 0.28 0.36 0.35 0.51 0.54 0.52 0.52 

8 0.47 0.35 0.42 0.41 0.44 0.20 0.31 0.30 0.49 0.48 0.48 0.48 

9 0.40 0.14 0.28 0.28 0.38 0.05 0.14 0.13 0.42 0.24 0.35 0.33 

10 0.49 0.46 0.48 0.47 0.46 0.30 0.38 0.37 0.52 0.58 0.53 0.53 

 

 

As mentioned before, the next step is to form a fuzzy triangular number for each 

strategy using data  in Table 9. In this way, the information from all of the cases are 

taken into consideration by forming fuzzy triangular numbers from the individual 

rankings. Table 10 shows triangular fuzzy numbers formed for TTS. 
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Table 9. Technology transfer strategy orders for twelve combinations of similarity measures 

and ideal solution possibility 

 

 
Table 10. Triangular fuzzy numbers formed for TTS 

TTS 
   

1 2.000 2.000 2.000 

2 5.000 5.167 6.000 

3 4.000 4.083 5.000 

4 4.000 5.917 7.000 

5 5.000 6.833 7.000 

6 10.000 10.083 11.000 

7 8.000 8.000 8.000 

8 3.000 3.000 3.000 

9 9.000 9.000 9.000 

10 1.000 1.000 1.000 

 

 

These fuzzy numbers are then ranked via Kaufmann and Gupta method (Kaufmann 

and Gupta, 1988) using removal criterion to make a linear order for fuzzy numbers. 

This linear order makes triangular fuzzy numbers in TTS comparable. Calculated values 

for removal criterion result in a unique linear order which makes other criterion values 

(the mode and divergence) not to be calculated here. Table 11 draws final ranking 

results for TTS using introduced method.   

Pursuant to the above procedure, data for scenarios are analyzed for overall process 

and each scenario separately. This analysis resulted in rankings for TTS in overall 

process and in each scenario distinctively, which is shown in Table 12. It can be 

observed from Table 12 that, Internal R&D is ranked as first Technology transfer 

method in Playful Rabbit scenario, Where tensions in Iran’s political relations and its 

dependence on oil is increasing. In this situation country should trust its own abilities to 

 First criteria for ideal 

solution 

Second criteria for ideal 

solution 

Third criteria for ideal 

solution 

TTS Simi

=1 

Simi 

=2 

Simi 

=3 

Simi 

=4 

Simi 

=1 

Simi 

=2 

Simi 

=3 

Simi 

=4 

Sim 

i=1 

Simi 

=2 

Simi 

=3 

Simi 

=4 

1 2 2 2 2 2 2 2 2 2 2 2 2 

2 5 5 5 5 5 6 5 5 5 5 5 6 

3 4 4 4 4 4 5 4 4 4 4 4 4 

4 6 6 6 6 6 4 6 6 6 6 6 7 

5 7 7 7 7 7 7 7 7 7 7 7 5 

6 10 10 10 10 10 11 10 10 10 10 10 10 

7 8 8 8 8 8 8 8 8 8 8 8 8 

8 3 3 3 3 3 3 3 3 3 3 3 3 

9 9 9 9 9 9 9 9 9 9 9 9 9 

10 1 1 1 1 1 1 1 1 1 1 1 1 
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reach desired technologies. Joint R&D and joint venture are second and third orders of 

TTS in this scenario. These two methods can guarantee faster access to technology in 

one hand while raising  acquisition risks considering political tensions on the other. This 

risk can lead to irrecoverable losses because of High dependence of the government’s 

budget on petroleum.  

 
Table 11. Final ranking results for TTS 

TTS Removal 

criterion 

value 

Final ranking 

Internal R&D 1 1 

Joint Venture 2 2 

License 

purchase 

3 3 

R&D Out 

sourcing 

4.29 4 

Acquisition 5.33 5 

Alliance 5.71 6 

Joint R&D 6.42 7 

Merger 8 8 

Employment 

and Manpower 

training and 

exchange 

9 9 

Minority 

Equity 

10.29 10 

 

 

Internal R&D is the first TTS for Runaway Snake too. That is because of importance 

of political tensions and high risks of not gaining technology in formal ways because of 

probable sanctions. Of course, joint venture as a more cooperative method is ranked 

second instead of joint R&D in the Playful Rabbit scenario because of less dependence 

of government on oil revenues. This method can lead to faster access to the required 

technology, sharing the risk of technology development in both sides of the table. 

Rankings in Noble Horse scenario are to some extent, equal to findings of Mohaghar 

et al. (2012) work in the evaluation of TTS of oil and gas process. In other words, that 

evaluation has been completed in Noble Horse context. In this paper, TTS regarding 

different scenarios to ensure making robust policies for facing future are evaluated. It 

should be mentioned that using selected TTS for this scenario-based access to 

technology is made faster considering learning procedure for the  employees in joint 

venture method. This decision is made because of better access to pioneer technologies 

and the capacity of industry to guaranty a safe investment in the country and rapid 

growth of using alternative fuels in world market. 

License purchase is the best method according to the Sleeping Lion scenario. In this 

scenario with reference to good political relations, increases in oil prices and, hence,an 

increase in oil revenue share in government’s budget, rapid growth of technology occurs. 

Therefore, industry takes quick steps  to gain new technology in the fastest ways. That is 

why technology acquisition has third rank in this scenario so as to ensure that faster access 

to technology has a bigger share in the competitive energy market of the world.  
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Table 12. Attributing rankings for all scenarios 

 Attribute name Scenario 1 

final 

ranking 

Scenario 2 

final 

ranking 

Scenario 3 

final 

ranking 

Scenario 4 

final 

ranking 

Overall 

ranking 

1 Joint Venture 3 2 1 2 2 

2 Technology 

Acquisition 

7 7 5 3 5 

3 R&D Out sourcing 6 6 4 5 4 

4 Alliance 5 5 6 6 6 

5 Joint R&D 2 4 8 8 7 

6 Minority Equity 11 10 10 10 10 

7 Merger 8 8 7 7 8 

8 License purchase 4 3 2 1 3 

9 Employment and 

Manpower training 

and exchange 

9 9 9 9 9 

10 internal R&D 1 1 3 4 1 

11 reverse engineering 10 11 11 11 11 

 

 

Overall ranking column of all scenarios in Table 12 shows final rankings with 

respect to uncertainties about future changes in the Gas industry`s context. Internal 

R&D is the most appropriate TTS rank with respect to the high risks of probable 

political tensions in future relations of the county. These risks rise from Irrecoverable 

losses of unprepared Infrastructure during political tensions and probable sanctions on 

vital technologies. Joint venture and license purchasing are the next two TTS ranks  in 

overall ranking, which highlight the necessity of preparing Legal and contractual 

Infrastructure in industry. 

Conclusion 

A new methodology is introduced to make robust technology transfer policies 

regarding all probable future scenarios. The method includes CIA, scenario planning 

and modified fuzzy TOPSIS method as a multi objective decision making technique in 

the evaluation of the most appropriate TTS. Data from Iran gas industry is utilized as an 

illustrative example to evaluate TTS through Playful Rabbit, Runaway Snake, Noble 

Horse and Sleeping Lion scenarios. TTS ranking based on all scenarios is actualized via 

triangular fuzzy number. Triangular fuzzy number is made through the combination of 

four similarity measures and three different criteria for the fuzzy positive and negative 

ideal solutions. Selected TTS can be applied to prepare infrastructures required in  

facing future uncertainties in  Iran gas industry. 

Data for each scenario has been analyzed separately introducing TTS rankings for 

each one and in overall manner. The overall ranking enables the scholars  to consider 

the variability of the twelve combinations created due to different points of view and 

different scenarios.  

Finally, according to overall ranking results, internal R&D is selected as the  most 

effective TTS for facing future uncertainties of the industry. Joint venture and license 
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purchasing are the next two appropriate TTS introduced to ensure faster ways of 

technology transfer and work force training in one hand and hedging risks of future 

uncertainties of the system on the other. 
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