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ABSTRACT 

It is possible to use famous and powerful models such as pesteli and Porter’s Five Competitive Forces to 

examine the external environment. The main objective of this study is determination of important factors of 

external environment in the dredging industry in Iran based on fuzzy Delphi. Dredging companies, by using 

these factors, are able to determine the strategic factors that create threat and opportunity and also formulate 

and implement the strategies in all levels of company to coordinate and adapt more with increasing changes 

in the external environment. The research is respectively applicable and explanatory in terms of the purpose 

& method. The statistic population of the research includes 19 experts of dredging companies. The data 

related to the research has been collected by questionnaires which are analyzed by descriptive method based 

on fuzzy Delphi method and in two rounds due to Kendell’s coefficient of concordance of about 0.7 in the 

second round and little difference of this coefficient in two consecutive rounds. The validity of the 

questionnaires based on content validity, reliability by Cronbach’s alpha coefficient above 0.9 was 

confirmed. The results of the study indicate that in stages of two and three of the process, the initial criteria 

and then after determination of their importance and screening, the secondary criteria including 13 factor 

and 86 sub-factors was characterized and determined. 

Keywords: macro environment, micro environment, fuzzy Delphi, PESTELI, Porter’s five competitive 

forces.  

 

INTRODUCTION 

The environment where organizations in is complex, and in a rapid change, at the same time competition is 

very intense (Türkay et al, 2011). So while carrying out its operations, a company must increasingly take 

into account the environment within which it operates (Yüksel, 2012). Today, the environmental variations 

for existing firms in dredging industry have same procedure and have rapid diversities. In recent decades, 

this industry had widespread growth due to building the ships with high capacity, marine transportation 

improvement, increasing the tourism industry, urban development, coastal protection, weather conditions 

and etc. so that the growth of global dredging turnover in 2013 (€11680 mln) compared to 2000 and 2012 

was respectively 2.82 and 1.03 times (International Association of Dredging Companies, 2013). Meanwhile 

the Persian Gulf with huge oil resources and development projects of the countries in the region, is one of 

the best markets in the world, because the growth of dredging turnover in this region in 2013 (€1100 mln) 

than to 2000 and 2012 was respectively 4.73 and 1.38 times and it is still more than the dredging average in 

global markets (IADC, 2007-2014). As Iran is located in one of the international strategic regions and with 

3000 km maritime boundary and 86 trade & fishing port, always tries to develop and improve its marine 

capacities. The south-north corridor led the country to pay more attention to marine transportation 

development and to provide appropriate marine services to all vessels. The result was an increase in dredging 

projects so that The volume of dredging in Iran from the 1 mln cubic meters(𝑚3) in 1979 reached to 10 

mln 𝑚3 in 1997. today the volume of dredging is more than 20 mln 𝑚3 and needs more than $114 mln. In 

addition to the dredging projects in the main ports of the country, we can describe the dredging of rivers 

such as Arvandrood and Karoon so that the volume of dredging in these two regions is about 30 mln 𝑚3 
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(Adeli, 2016). These factors indicate the appropriate scope from the growing dredging markets and the 

profitability of this industry in the country.  

Increasing the dredging projects and widespread environmental variations and also increasing the number 

of dredging companies from 3 to 12 companies between 1996 to 2014 in the country as well as the tendency 

and pay attention of other companies to investment in this industry, led to more competition. So in this 

competitive situation, it is not possible for a company to survive in the long term without considering this 

dynamic process (Yüksel, 2012) and it needs competitive advantage. The analysis and continuous 

monitoring of the environment is an approach that can create a competitive advantage for the companies. It 

is one of the elements of strategic management and is one of the key success factors. Strategic management 

was defined as a set of managerial decisions and actions that ensure organization's compliance with its 

surroundings and long-term success is a process in which organizations’ competitive advantages have been 

maximized and disadvantages have been minimized (Türkay et al., 2011). The continuous investigation of 

the environmental variations in dredging industry helps the companies to identify the opportunities and 
threats and thus analysis and continues monitoring of External environment due to the high complexity and 

rapid rate of change plays significant role. Environmental evaluation done because We want to be aware of 

the surroundings that we want to work on it. So the managers of the dredging companies should analyze the 

external environment effectively and continuously for response to the changing needs and desires of 

customer and adaptation to the market conditions and in a systematic way (Morden, 1993; Türkay et al., 

2011) because the external environment incorporates the wide domain that its surveillance is so difficult. In 

the process of adaptation to the external environment a basic function was taken upon by managers. In fact, 

they must direct the relations of organization with external environment and retain a clear interaction of 

organization among actors of external environment. Such a close contact will empower managers to 

capitalize on opportunities and avoid threats in the external environment (Stahl and Grigsby, 1997; Türkay 

et al., 2011). Adaptation to the external environment and to achieve long-term success in dredging 

enterprises depends on the development of appropriate strategies (Türkay et al., 2011). Because the 

strategies determine the activity fields in a complicated and dynamic environment (Harrison & John, 2007) 

and are the means by which long-term objectives will be achieved (David, 2011). However, before they 

develop a strategy, dredging companies need to analyze the current status in the marketplace. However, 

rapid changes in environmental conditions are able to turn possible strategies inadequate and organizations 

living in an ever-changing business environment need to anticipate these changes and ensure harmony 

between the external environments (Türkay et al., 2011). It is therefore important for enterprise management 

to understand the variety and characteristics of the external environment and forces relevant to policy 

formulation and decision making (Morden, 1993; Türkay et al., 2011). If the environment was stable, the 

environmental impacts weren’t so important. But today the changing is an inevitable reality and thus 

knowing the influencing important factors of the external environment including the factors of the macro 

(General) environment and micro (Task) environment (Harison,2007; Arabi,2010; Daft, 2010; Kotler & 

Keller, 2012; Ritson,2013) is important in dredging industry.  

In this study, the Delphi method was used for better using the experts’ knowledge and opinion. Also the 

fuzzy numbers were used to overcome the inability of this method to manage the current vagueness and 

uncertainty in respondents’ verbal terms. So the main question in this study is that what are the important 

factors of the external environment in dredging industry based on fuzzy Delphi method in Iran? The results 

of this study helps the dredging companies in Iran as detection the expert's opinion. The managers and 

strategists of the dredging companies are able by using these factors and considering the effect of weights 

and their probability Coefficients in the industry and also its probable impact of these factors in their 

companies to determine the strategic opportunistic and threating factors of the external environment. Also 

they are able to formulate and implement the strategy in all levels of the company to coordinate and adapt 

better to increasing environmental changes in the external environment. So the main purpose of this study 

is to determine the important factors of the external environment in dredging industry in Iran based on the 

Delphi method. Although the literature on strategic management and Determination of Environmental 
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factors base upon fuzzy Delphi is quite expansive, it can be mentioned that the number of studies addressing 

the Environmental factors in dredging’s area especially in Iran is low. In this respect, this study is important 

because it is addressing the Determination of important Environmental factors in the dredging industry in 

Iran and will offer a significant contribution to dredging firms in the country by revealing the points of view 

of experts of dredging industry. 

At a new stage of Russian modernization and the critical importance for Russia of a technological  

breakthrough, we consider it important and urgent to rethink the mechanisms for the implementation 

and results of the state scientific and technical policy (SSTP) in the USSR Estimates of the results of 

both state economic policies in general, and policies in the scientific and technical sphere carried out from 

the mid of 1950s to the early 1960s are sometimes diametrically opposed Meanwhile, the need to accumulate 

the entire positive from the domestic experience for the development of an accurately and scientifically 

verified development strategy of the country today is extremely relevant to further study of this problem 

and the introduction of certainty into the disputes that are currently under way. 

LITERATURE REVIEW 

One of the most important steps in strategic management is Environmental Strategic analysis that includes 

two internal and external environments and incorporates all the factors related to the activities of the firm 

(Yüksel, 2012). The purpose of environmental analysis, is investigation and identification the factors that 

influence on the activity and the performance of organization. These factors often are related with internal 

environment and external environment. The internal environment of a corporation consists of variables 

(strengths and weaknesses) that are within the organization itself and are not usually within the short-run 

control of top management (Hunger & Wheelen, 2011). In other hand they are usually within continues and 

long term control of top management. These variables form the context in which work is done. They include 

the corporation’s structure, culture, and resources. The external environment includes the variables that 

outside of the organization (Hunger & Wheelen, 2011) and are out of organization’s control, but they have 

direct or indirect effect on the performance of the firm (Aliahmadi et al., 2007). The analysis of external 

environment needs macro and micro environments investigation to identify the threats and opportunities 

and to provide a way for strategic path (Harrison, 2007). 

1) The macro environment analysis: Pesteli1 model 

The macro environment is an environment in which there are forces and trends that shape opportunities and 

pose threats. These forces represent “uncontrollable” which the companies must monitor and respond and 

react to them (Kotler,1997). They can have a deep effect on the firm and its micro environment (Harrison, 

2007). The macro environment directly or indirectly affect the operations of the company and consists of 

the political, economic, socio-cultural, technologic, ecologic, legal factors (Yüksel, 2012). More ever, we 

can describe the international factor that reflects the competitive challenges in global markets (Panagiotou 

& Wijnen, 2005) and it can directly affect many organizations, and it has become extremely important in 

the last few years (Daft, 2010). Although there is not a rule or regulation in environmental investigation, but 

A review of the literature reveals that different approaches and techniques were used for the analysis of 

macro environment (Yüksel,2012). The best way to study that macro-environment is by Political, Economic, 

Social, Technological, Environmental, Legal and International (PESTELI) analysis. PESTELI is a strategic 

management tool typically used to shape future organizational strategy (Panagiotou, 2013). In this research, 

this model is used to analyze the macro environment. As with all strategy models, PESTELI has its 

advantages and disadvantages. Its main advantage is that it considers most factors that may influence an 

organizational strategy and decision making. Moreover, it helps strategists and managers better understand 

key drivers of change and helps them design realistic scenarios that offer plausible alternative views on how 

the business environment of an organization might develop in the future. The main disadvantages are that 

managers applying the PESTELI model may get over-whelmed by the multitude of details, the analysis of 

which may produce long and complex lists. Moreover, scenarios based on PESTELI, cannot offer a single 

                                                 
1- Political, Economical, Sociocultural, Technological, Environmental/Ecological, Legal/ legislative, International Factors(PESTELI) 
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forecast of how the environment will change. Therefore, managers should have contingency plans and 

alternative strategies for each scenario, a long and complicated task (Panagiotou, 2013). 

2) The micro environment analysis: The Porter’s Five Competitive Forces model 

The task environment includes sectors with which the organization interacts directly and that have a direct 

impact on the organization’s ability to achieve its goals (Daft, 2010). Hunger & Wheelen (2011) believes 

that the task(micro) environment includes those elements or groups that directly affect the corporation and, 

in turn, are affected by it and can be thought of as the 

industry within which it operates (Hunger & Wheelen, 

2011). One of the best models to analyze the micro 

environment is the Porter’s five competitive forces 

that is a framework for industry analysis and business 

strategy development formed by Michael E. Porter of 

Harvard Business School in 1979. Porter referred to 
these forces in the micro environment as these consist 

of those forces close to a company that affect its ability 

to serve its customers and make profit (Wu et al., 

2012). Porter’s Five Forces analysis is a simple but 

powerful model to determine competition level in an 

industry (Barutcu & Tunca, 2012) and has been one of 

the most influential frameworks for strategic 

management. It has been considered a standard tool for 

analyzing industry attractiveness. The more attraction 

of the industry leads to more benefit potentials (Lee, 

Kim, & Park, 2012; Hopkins, 2008). The extended 

rivalry that results from all five forces defines an 

industry’s structure and shapes the nature of 

competitive interaction within an industry (Porter, 2008). The Porter's Five Competitive Forces are: (porter, 

2008; Lee et al., 2012)  

1. Rivalry among Existing Competitors (REC)                    2. Bargaining Power of Clients/Buyers (BPC) 

3. Threat of New Entrants (TNE)                    4. Threat of Substitute Products (TS)  

5.Bargaining Power of Suppliers (BPS)   

Builders and repairers of dredgers independent from other suppliers (chart 1) will be studied as the sixth 

Porter competitive forces in dredging industry in Iran According to their importance. In this study and 

according to Porter, the government's role or the complementary products in micro environment weren’t 

considered as independent factors among other forces, but also the impact of these forces on the competition 

by the five competitive force was discussed (Porter, 2008). According to Porter model, each factor or force 

that is strong would be a threat for organization, because it probably leads to reduce the profit. In contrast, 

each factor or the force that is weak, will be an opportunity, because it makes an opportunity for the 
organization to gain more benefit (Harrison, 2007). By determining the strength of individual forces it is 

possible to determine the best strategy to counteract the strongest industry forces (Hopkins, 2008). 

METHODOLOGY 

The methodology is a road map to reach to solution of the problems. In order to reach to valid results in the 

research, it is necessary to use appropriate method to obtain the reasonable results. The research by purpose 

& method is respectively applicable and explanatory and in terms of the data, is a qualitative research and 

in terms of investigating the literature review is a library study. As described before, the main purpose of 

this study is determination of important factors of external environment in dredging industry in Iran based 

on the fuzzy Delphi method that were known significant by the experts of this industry.  

Chart 1: Porter+ model in  

dredging industry in Iran 
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Delphi may be characterized as a flexible method for structuring a group communication process so that the 

process is effective in allowing a group of individuals, as a whole, to deal with a complex problem (Turoff 

& Linstone, 1975) and the researcher is able to collect a set of informed judgements from experts on specific 

issues (Williams, & Webb, 1994). The Delphi method is used to identify and screen the most important 

decision-making indices and is a group knowledge acquisition method, which is also used for qualitative 

issue decision-makings (Habibi1, Sarafrazi, Izadyar, 2014). The main object of this method is to obtain the 

most reliable consensus of opinion of a group of experts. It attempts to achieve this by a series of intensive 

questionnaires (QNRs) interspersed with controlled opinion feedback (Dalkey & Helmer, 1963). so that it 

collects the expert's opinions by distributing the questionnaire (QNR) among them and in some stages, it 

converts to the opinion of the majority (Azar, 1994). Three distinctive features of the Delphi method are the 

unknown identity of the members among themselves, get feedback and repetition (Malekzadeh et al., 2013). 

The main advantage of this method is that it avoids direct confrontation of the experts with one another. 

The method employed in the experiment appears to be more conducive to independent thought on the part 

of the experts and to aid them in the gradual formation of a considered opinion. On the other hand, direct 

confrontation often induces the hasty formulation of preconceived notions, an inclination to close one’s mind 

to novel ideas, a tendency to defend a stand once taken or, alternatively and sometimes alternately, a 

predisposition to be swayed by persuasively stated opinions of others (Dalkey & Helmer, 1963; Okoli & 

Pawlowski, 2004). Guidance suggests that number of panel's participants will vary according to the scope 

of the problem and resources available such as the money and time (Powell, 2003). And is done with the 

participation of individuals who have the knowledge and expertise of the study subject (Habibi1 et al., 2014). 

Williams and Webb (1994) believed that there is no agreement regarding the size of the panel and regarding 

the composition of the panel, there are few studies which specify the criteria on which they were selected. 

The notion that panel members are experts seems to be implicit in the fact that they are singled out for 

selection rather than fulfilling any specific standards (Williams & Webb, 1994). It is also suggested to use 

a combination of individuals with multiple specialties and heterogeneous groups better than the 

homogeneous groups (Habibi1 et al., 2014; Powell, 2003). In some resources, between 6 and 12 members 

are ideal for Delphi technique and if a mixture of experts with different specialties is used, between five and 

ten members are sufficient (Habibi1 et al., 2014). In qualitative research, it is recommended to use a group 

of ten experts with different specialties (Habibi1 et al., 2014) Powell (2003) says 10 to 20 experts for 

homogenous groups and Martino (1972) says 15 to 30 experts for non-homogenous groups are appropriate. 

The results of the Brockhoff studies indicates that in the perdictory researches, 11 experts and in fact finding, 

7 experts make more appropriate performance (Feizi & Irandoost, 2013). Following recommendations from 

Delphi literature, Okoli & Pawlowski (2004) believe that 10 to 18 experts in each panel is a valid sample 

(Okoli & Pawlowski, 2004). In this study the Delphi method is used that is accomplished based on the 

respondents’ opinion and the verbal terms are used for investigation of opinions. The verbal terms have 

some restrictions to reflect the whole respondent's mental attitudes. For example, the term “high” for the 

person A who is disciplinarian is different with person B. if a definite number is used for quantify the opinion 

of two persons, the results have bias. So by developing the fuzzy method, it is possible to overcome to this 

problem. The fuzzy Delphi method was introduced by Kaufmann & Gupta in 1988. Ishikawa also developed 

the Delphi method by triangular fuzzy numbers (TFNs) in 1993. There should be distinguish between the 

two applications of the Delphi method. The Delphi method is used to determine the importance of the 

indexes and screening the most important identified indexes. One of the most important advantageous of 

the fuzzy Delphi method respect to traditional Delphi is that it is possible to use a round to screen the items. 

The reasonable justification of this process is that in screening, the researcher first conducted the initial 

screening and the analysis has validation aspect (Habibi2 et al., 2014). The Statistical Society of this study 

is the 19 experts familiar with strategic issues and dredging industry with different expertize with at least 

10 years' experience that their opinions were used during the project. So in this study, the sampling wasn’t 

used. The following three steps was used to reach to purpose. In determining factors in the following steps, 

the sub-factors determination is also taken into account that was ignored for summarization. 

1- Identification of the raw factors of the macro environment in dredging industry in Iran 
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2- Identification and determination the initial factors based on the fuzzy Delphi method 

3- Determination the secondary factors using the fuzzy Delphi method 

The first step of the research process: In this step the library method was used that because of high amount 

of tables of the macro & micro environment factors, these tables weren’t shown.  

The second step: In this step the following steps were conducted to identify and determine the initial factors 

influencing on the external environment (macro & micro environment) in the dredging industry in Iran. 

2-1) According to high diversities of the raw factors, some factors for adaption with the conditions of the 

country and dredging industry in Iran were selected After the consultation, interviews and expertize sessions 

with some industry experts and also previous studies without any variation. some of them were selected 

especially in micro environment After minor changes or major and necessary corrections. It should be noted 

that in this step it was tried to hinder the variables elimination unless with reasonable reason.  

2-2) After conducting the above paragraph, the selected factors of the first step were provided in a QNR 

form and distributed to all experts and it was requested to them to write their opinions about the external 

environment analysis of the dredging industry using the Delphi method and say their suggestions about the 

efficiency of these factors to analyze the external environment. It was also requested to experts to note the 

factors that are appropriate in external environment analysis. In fact, in the first and second steps of the 

Delphi method, the large list of the factors contributing in the strategic analysis in dredging industry in Iran 

was collected and analyzed. Finally, and after two rounds of survey, all initial factors and sub factors that 

were identified from the two above steps, were indicated as the initial factors and sub factors in the tables 4 

and 5 for the micro and macro environment.  

The third step: In this step, the final propose is to determine the secondary factors. Determination of these 

factors in individual decisions is not so difficult, because a decision maker determines this factors. While it 

is possible in group decisions-making due to differences in interests and expertise be so difficult and long-

term. In this step, using the common techniques of group decision-making is appropriate. The common 

recommendation in this situation is to determine the most important factors using the Delphi method. The 

following stages are necessary to determine the secondary factors and screening the initial factors of the 

external environment.  

3-1) initial survey of the experts: In this section, two closed (QNRs)based on the fuzzy Delphi method are 

distributed among members of the group that incorporates all initial factors of the external environment in 

dredging industry and it was asked to the members of the group to determine the importance of each factors 

using the Likert fuzzy seven- scale. The numerical scale of these verbal terms based on the TFNs are 

indicated in the table 1 and the chart 2. In this study, the experts described their opinions as verbal terms. 

The crisp number is determined after that the Defuzzification process is done. 

Table 1. verbal terms for the important with the TFNs 

 (Chen & Ku, 2008; Yadollahi Farsi et al., 2012; Barbazza et al., 2014; habibi2 et al., 2014) 
Verbal terms Very low  Low Medium low Medium Medium high High Very high 

TFNs scale (0,0,0.1) (0,0.1,0.3) (0.1,0.3,0.5) (0.3,0.5,0.7) (0.5,0.7,0.9) (0.7,0.9,1) (0.9,1,1) 
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The first QNR is related to a micro environment and is 

divided based on the PESTELI model to seven parts and 

consisting 56 questions and the second QNR is related to the 

micro environment and is divided to six initial factors based 

on Porter+ model and consists 122 questions. The validity of 

the QNRs is according to content validity and based on 

PESTELI and Porter’s Five Competitive Forces model. the 

reliability by Cronbach's alpha coefficient 0.924 and 0.973 

was confirmed. It is important to note that the QNRs 1 and 

2 were regulated using the sub factors of tables 6 and 8.                                         

Chart 2: the TFNs equivalent to the Likert seven-scale (Habibi2 et al., 2014) 

3-2) The initial processing of questionnaire: After collecting the QNRs and according to using the fuzzy 

Delphi method to gather the experts’ votes in this study, the following steps were conducted.  

✓ Verbal data transformation to software and determination the frequency of the verbal data: the data after 

collection and fuzzy numbering based on the Likert fuzzy scale were imported to the computer. the 

appropriate operations were applied using the related software and were interpreted by descriptive 

techniques. 

✓  The fuzzy Aggregation of the experts’ opinion using the fuzzy average for each one of the three triangular 

fuzzy number based on the equation 1 (Habibi2 et al., 2014). 

�̃�𝐴𝑉𝐸 =  
∑ 𝑙

𝑛
،

∑ 𝑚

𝑛
،

∑ u

n
                                                                                                                                     (1) 

✓ Defuzzification and determination of the crisp average values for each factors (questions) based on 

averages’ maximum method (Xi
max) as the equations 2 and 3 (Bojadziev et al., 2007; Habibi2 et al., 2014). 

𝑥𝑚𝑎𝑥
1 =

𝐿+𝑀+𝑈

3
      𝑥𝑚𝑎𝑥

2 =
𝐿+2𝑀+𝑈

4
       xmax

3 =
𝐿+4𝑀+𝑈

6
                                                                             (2) 

Crisp number=Z*=max(xmax
1 ،xmax

2 ،xmax
3 )                                                                                                 (3)  

3-3) The crisp average values insertion of the experts’ opinion along each questions of the QNR: after 

determination of the crisp average values of the experts’ opinion, these numbers were informed to experts 

in order to survey again. 

3-4) Back to the first stage (3-1) and repeat the process: Again, the QNR one and two were provided to the 

experts with crisp average values insertion along each questions of the QNRs and with the previous filled 

QNR. It was requested to the experts that to complete the QNR based on the average value and the obtained 

information from the previous stage. Some of the experts presented a new prediction and modified their 

previous opinion. After collecting the QNRs, the obtained data were processed again base on the stage 3-2. 

In this study, the Kendall’s coefficient of concordance (KCC) was used to determine the number of Delphi 

methods rounds and the consensus between the experts. This coefficient can be used to determine the level 

of consensus between the participants (Habibi1 et al., 2014). This coefficient is a scale for determining the 

level of coordination and agreement between several ranks of n phenomenon (objects/factors/individuals) 

and indicates that those who have ordered several categories according to their importance have used the 

same criteria to judge the importance of each category and in this regard, they agree to each other (Habibi1 

et al., 2014; Malekzadeh et al., 2013). 

There are two ways found in textbooks for computing Kendall’s W statistic (left and right forms of 

Equations (4) and (5); they lead to the same result. S or S' is computed first from the row-marginal sums of 

ranks Ri received by the objects: 
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𝑆 = ∑ (𝑅𝑖 − �̅�)2𝑛
𝑖=1                                 𝑜𝑟                              𝑆′ = ∑ 𝑅𝑖

2𝑛
𝑖=1 = 𝑆𝑆𝑅                                         (4) 

S is a sum-of-squares statistic over the row sums of ranks Ri (Ri is the total ranks of a factor). R is the mean 

of the Ri values. Following that, Kendall’s W statistic can be obtained from either of the following formulas: 

𝑊 =  
12𝑆

𝑚2(𝑛3−𝑛)−𝑚𝑇
                                  𝑜𝑟                          𝑊 =  

12𝑆′−3𝑚2𝑛(𝑛+1)2

𝑚2(𝑛3−𝑛)−𝑚𝑇
                                          (5) 

where n is the number of objects (number of ranked factors or phenomena), m is the number of judges 

(variables or number of ranks sets or judges). T is a correction factor for tied ranks (Equations 6) in which 

tk is the number of tied ranks in each (k)of g groups of ties. The sum is computed over all groups of ties 

found in all m columns (judges) of the data table. T=0 when there are no tied values (Legendre, 2005). 

𝑇 =  ∑ (𝑡𝑘
3 − 𝑡𝑘)𝑔

𝑘=1                                                                                                                                       (6) 

Schmidt (1997) proposed two statistical criteria to make decisions about stopping or continuing the Delphi 

rounds. The first criterion is a strong consensus among the panel members which is determined based on 

KCC. If there is no such a consensus, the constant coefficient or its negligible growth in two successive 

rounds shows that consensus has not been increased and the survey process must be stopped. Statistically 

significant coefficient w is not enough to stop a Delphi process. For panels with fewer than ten members, 

very small values of w are also significant (Habibi1 et al., 2014; Malakzadeh et al., 2013). The table 2 

indicates the values interpretation of this coefficient.  

Table 2. interpretation of different values of the KCC (Malekzadeh et al., 2013) 
the Kendall’s coefficient 0.1 0.3 0.5 0.7 0.9 

the consensus interpretation Very weak weak medium strong Very strong 

reliability respect to the factors sequence --- low medium high Very high 

 

So as the Kendall’s computed coefficient for the first and second QNR according to table 3 is about 0.7. so 

according to table 2, the amount of consensus about the stopping the Delphi rounds is strong and the 

reliability about the factors sequence is high. The fixing of this coefficient or slight growth in two successive 

rounds indicates that there is no improvement in the members’ consensus and the survey process should be 

stopped. So in this study the Delphi method -according to the Kendall’s computed coefficient and stabilizing 

of the expert's opinion average enough- in two rounds was conducted.  

Table 3. the KCC for the QNR 1&2 

QNR 

no. 

the KCC Increasing 

the KCC 1st round Sig 2nd round Sig 

1 0.707 0.00 0.736 0.00 0.029 

2 0.658 0.00 0.685 0.00 0.027 

Source: Author 

3-5) Determination of the threshold value and screening the initial factors and the identification of secondary 

factors: After the Defuzzification of the values, a threshold value should be considered for screening the 

items. The threshold value is usually 0.7 but this value can be different based on the expert’s opinion. If the 

crisp value resulted from the Defuzzification is more than threshold value, the index is validated unless it is 

eliminated (Habibi2 et al., 1393). In this study, the threshold value for the first and second QNR is 0.5 and 

its reason is investigation and review by the strategists in determination of the strategic factors in dredging 

firms. The initial factors that their average value is more than 0.5, are the secondary factors that are 

distinguished in tables 6 and 8 by a term “OK” in a result column. After determination the list of the 

secondary factors, each firm in the dredging industry can use them to determine the strategic factors. 

RESEARCH RESULTS 
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The research results according to the process of the study are described in this section. As mentioned, 

because of the high amount of the tables related to raw factors of macro and micro environment, we ignore 

to indicate the results of this stage. The characteristics of the respondents were summarized in table 4.  

Table 4. The Characteristics of respondents (job, education & experience) 

Job title 
Education level Job experience 

FREQ FREQ % 
PH.D. MSc BSc 6-10 11-15 16-20 21-25 26-30 =>31 

Chief Executive Officer 2 1 5 0 1 1 3 0 3 8 42.11 

Member of the board 0 0 2 0 0 0 1 0 1 2 10.53 

deputy 0 1 2 0 1 0 1 1 0 3 15.79 

chairman 0 3 2 1 0 1 1 2 0 5 26.32 

expert 0 0 1 0 0 0 0 0 1 1 5.26 

total 
FREQ 2 5 12 1 2 2 6 3 5 19 100 

 %FREQ 10.53 26.32 63.16 5.26 10.53 10.53 31.58 15.79 26.32 100  

Source: Author 

1) The second stage of the research: identify and determine the initial criteria 

The macro environment: The number of the initial factors and sub-factors of the macro environment is 7 

factors and 56 sub-factors as following tables (5 & 6). 

1) Political factor: 6 sub-factors(SFs) 5) Environmental/Ecological factor: 5 SFs 

2) Economical factor: 16 SFs                 6) Legal/ legislative factor: 7 SFs 

3) Sociocultural factor: 11 SFs 7) International factor: 5 SFs 

4) Technological factor: 6 SFs 

According to tables 5 and 6, The significance of the macro environment is 0.6 and is between the medium 

and medium high important. among the factors, the politic factor (0.664) is most important and the cultural-

social factor (0.493) is the least important. Among the existing sub factors in politic factor, the sub-factor 

of "foreign and regional policy and relations with other countries" (0.837) is most important and 

“government’s views and policies” (0.367) is the least important. So in the economic factor, “the 

governmental nature of the economy in the country” (0.812) and “the stock market and shares trend” (0.395) 

and “the Monetary and financial politics” (0.395), in Sociocultural factor, “the Dredging engineering 

educational centers in the country on college” (0.876) and immigration rating (0.24), in technologic factor, 

“the relationships and interactions between the universities and dredging industry” (0.735) and “the marine 

transportation technology” (0.553), in the environmental factor, “the environmental standards and 

regulations in dredging field” (0.776) and “renewable energies” (0.367), in the Legal/ legislative factor, “the 

environmental protection regulations” (0.75) and “business rule” (0.405), in international factor, “the wars 

and international conflict especially in the middle east “ (0.751) and “tourism exchanges” (0.456) have the 

most and least important. 

Table 5. the importance of the initial factors of macro environment  
factor l m u X1 X2 X3 Crisp value (XMAX) rank 

Political 0.492 0.669 0.817 0.659 0.662 0.664 0.664 1 

Economical 0.452 0.638 0.805 0.632 0.633 0.635 0.635 2 

Sociocultural 0.317 0.492 0.670 0.493 0.493 0.493 0.493 7 

Technological 0.439 0.630 0.801 0.623 0.625 0.627 0.627 3 

Environmental 0.445 0.627 0.792 0.621 0.623 0.624 0.624 5 

Legal/ legislative 0.393 0.580 0.753 0.575 0.577 0.578 0.578 6 

International 0.442 0.629 0.796 0.622 0.624 0.626 0.626 4 

total 0.420 0.603 0.771 0.598 0.599 0.600 0.600  

Source: Author 

Table 6. the important of initial sub-factors in macro environment 
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facto
rs 

Sub-factors 

Crisp average Crisp 

value 

(XMAX) 

result 
X1

max X2
max X3

max 

P
o
litical 

1) International sanctions and its impact .758 .762 .766 .766 ok 

2) Geopolitical location of Iran .43 .429 .428 .430 reject 

3) Foreign & regional politics and relationship with other countries .826 .832 .837 .837 ok 

4) Government politics  and Views .367 .364 .362 .367 reject 

5) The country's policy regarding investment of foreign companies .788 .792 .796 .796 ok 

6) politic stability in the country and Next election .788 .792 .796 .796 ok 

E
co

n
o
m

ical 

7) Budget deficit and its constraints .758 .762 .766 .766 ok 

8) Local and foreign investment and its security .788 .792 .796 .796 ok 

9) The privatization politics by the government .489 .489 .489 .489 reject 

10) Tax rating and its continues variations .656 .658 .66 .660 ok 

11) Price variations .618 .62 .622 .622 ok 

12) The stock market and share trend .395 .392 .389 .395 reject 

13) Gross national production .489 .489 .489 .489 reject 

14) the governmental nature of the economy in the country .804 .808 .812 .812 ok 

15) Energy availability and its price .76 .763 .767 .767 ok 

16) the Monetary and financial politics .395 .393 .392 .395 reject 

17) Exchange rate and its successive variations .782 .787 .791 .791 ok 

18) The employment rate .451 .45 .449 .451 reject 

19) Interest rate .647 .649 .65 .650 ok 

20) Inflation rate .737 .741 .745 .745 ok 

21) The price of raw oil and intensive dependence of the country to it .682 .684 .686 .686 ok 

22) Interest rate of bank facilities and financial institutions .654 .655 .656 .656 ok 

S
o
cio

cu
ltu

ral 

23) Immigration rating .24 .237 .233 .240 reject 

24) Attitude about the foreign people .488 .488 .489 .489 reject 

25) Education level and knowledge in community .739 .742 .746 .746 ok 

26) dredging engineering training centers in the country on college .777 .782 .786 .786 ok 

27) Social and cultural centers .367 .364 .362 .367 reject 

28) Entertainment centers especially in coastal regions of the country .325 .321 .318 .325 reject 

29) Wealth and income distribution .489 .489 .489 .489 reject 

30) The attitude and public confidence to government .4 .399 .397 .400 reject 

31) The attitude and life style .433 .432 .43 .433 reject 

32) Culture level .432 .43 .429 .432 reject 

33) The public welfare level in Deprived coastal regions .735 .738 .741 .741 ok 

T
ech

n
o
lo

g
ical 

34) The communications and interaction between the university and 

dredging industry 
.728 .732 .735 .735 ok 

35) IT growth and information availability .609 .611 .612 .612 ok 

36) The research funding in dredging activities in the country .575 .576 .577 .577 ok 

37) The research and industrial centers in dredging in the country .6 .601 .603 .603 ok 

38) The marine transportation technology .553 .553 .553 .553 ok 

39) Dredgers’ monitoring to improve the performance .675 .678 .68 .680 ok E
n
v
iro

n
m

en
tal 

40) Environmental standards and regulations about dredging .768 .772 .776 .776 ok 

41) Renewable energies .367 .363 .36 .367 reject 

42) The variations of weather conditions especially in marine field .674 .676 .679 .679 ok 

43) The amount of energy consumption in the country .698 .701 .704 .704 ok 

44) The weather contaminations especially in marine field .6 .601 .603 .603 ok L
eg

al/ leg
islativ

e
 

45) Social supply laws .689 .692 .695 .695 ok 

46) Environment protection laws .742 .746 .75 .750 ok 

47) Custom laws .447 .446 .445 .447 reject 

48) Tax laws .604 .605 .607 .607 ok 

49) Business laws .405 .404 .403 .405 reject 

50) Occupational Safety and Health Act .67 .672 .675 .675 ok 
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facto
rs 

Sub-factors 

Crisp average Crisp 

value 

(XMAX) 

result 
X1

max X2
max X3

max 

51) Antitrust laws .47 .47 .469 .470 reject 

In
tern

atio
n
al 

52) Globalization of the markets and economic .712 .716 .719 .719 ok 

53) Tourism exchanges .456 .455 .454 .456 reject 

54) International and regional deals .489 .489 .489 .489 reject 

55) The economic situation of the countries in the region .711 .713 .716 .716 ok 

56) Wars and especially international conflicts in the region .744 .747 .751 .751 ok 

Source: Author 
 

The micro environment: the initial number of factors and sub factors in micro environment is 6 factors 

and 122 sub factors as following tables (7 & 8). 

1. Rivalry among Existing Competitors factor (REC): 17 sub-factors 

2. Threat of New Entrants factor (TNE): 18 SFs 

3. Bargaining Power of Clients factor (BPC): 15 SFs 

4. Threat of Substitute Products factor (TS): 8 SFs 

5. Bargaining Power of Builders and repairers of dredgers factor(BPBD):19 SFs 

6.  Bargaining Power of Suppliers factor (BPS): 45 SFs  

According to tables 7 & 8, The significance of the micro environment is 0.485 and is very close to the 

medium important. among the factors, "Rivalry among Existing Competitors” factor (0.664) is the most 

important and the “Bargaining Power of Suppliers” factor (0.441) is the least important. Among the existing 

sub factors in the REC factor, the sub factor of “demand volume” (0.711) is the most important and the sub 

factor of “government's politics impact on the REC” (0.389) is the least important. Thus in TNE factor, “the 

excess cash of dredging firms and potential to get loans” (0.643) and “the impact of the price and the quality 

of complementary products” (0.333), in the BPC factor, “the price and the volume of the dredging projects” 

(0.668) and “the impact of dredging on the overall quality of the client’s project” (0.284), in the TS factor, 

“the price of the Substitute services to dredging services” (0.659) and “imposed price to client for using the 

Substitute products” (0.346), in the BPBD factors, “the dredger’s importance for dredging firms” (0.73) and 

“the impact of government politics on the Overhaul and underwater repairs’ firms” (0.342), in the BPS 

factor, “the Backward vertical integration of the competitors- the Excavation and embankment activities” 

(0.71) and “dependence of the Excavation and embankment operation contractors” (0.268) are the most and 

least important. 

Table 7. the importance of initial factors in micro environment 
factor l m u X1 X2 X3 Crisp value (XMAX) rank 

Rivalry among Existing Competitors .367 .554 .734 .552 .552 .553 .553 1 

Threat of New Entrants .310 .497 .684 .497 .497 .497 .497 3 

Bargaining Power of Clients .313 .496 .680 .496 .496 .496 .496 4 

Threat of Substitute Products .309 .488 .669 .489 .489 .488 .489 5 

Bargaining Power of Builders and repairers of dredgers .328 .509 .690 .509 .509 .509 .509 2 

Bargaining Power of Suppliers .261 .438 .623 .441 .440 .439 .441 6 

total .303 .484 .668 .485 .485 .485 .485  

Source: Author  

Table 8. the importance of the initial sub-factors of micro environment 

F
acto

rs
 

sub-factors 

Crisp average Crisp 

value   

(MAXX) 

result 
X1

max X2
max X3

max 

R
iv

al

ry
 

am
o
n

g
 

E
x
isti

n
g
 

C
o
m

p
etito

rs
 

1) The number of dredging firms .681 .683 .685 .685 ok 

2) The dredging firms similarity - the number of dredgers .682 .686 .689 .689 ok 
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F
acto

rs
 

sub-factors 

Crisp average Crisp 

value   

(MAXX) 

result 
X1

max X2
max X3

max 

3) The dredging firms similarity- type and the capacity of the dredgers .574 .575 .576 .576 ok 

4) The dredging firms similarity- machineries & equipment .421 .420 .418 .421 reject 

5) The dredging firms similarity- experience, knowledge & planning .572 .574 .575 .575 ok 

6) The dredging firms similarity- financial capability .689 .692 .695 .695 ok 

7) The imposed cost to dredging firms- Switching costs of the sale resource .470 .470 .469 .470 reject 

8) Constant costs .677 .679 .681 .681 ok 

9) Variable costs .419 .418 .418 .419 reject 

10) Exit barriers .393 .391 .389 .393 reject 

11) The demand volume / dredging turnover .705 .708 .711 .711 ok 

12) The Differentiation of Dredging firms .553 .554 .555 .555 ok 

13) The communication and interactions among the dredging firms .672 .674 .675 .675 ok 

14) Commitment and desires of the dredging firms to business leadership .396 .395 .393 .396 reject 

15) The politics of the ports & marine organization about the dredging 

competitors 
.691 .693 .696 .696 ok 

16) The impact of the government policies on the REC .389 .388 .387 .389 reject 

17) The impact of the price and quality of the complementary products on 

the REC 
.395 .393 .392 .395 reject 

T
h
reat o

f N
ew

 E
n
tran

ts
 

18) Economies of scale .570 .571 .572 .572 ok 

19) The Availability to technology and dredging knowledge, its 

Transmission and supply costs 
.584 .584 .584 .584 ok 

20) Advanced type of dredging technology and its changes speed .516 .516 .516 .516 ok 

21) The Experience Curve .451 .450 .449 .451 reject 

22) Initial investment .593 .595 .596 .596 ok 

23) Ease of access to raw materials and resources .414 .413 .412 .414 reject 

24) clients loyalty to existing dredging companies .347 .346 .345 .347 reject 

25) The profit of the dredging activities .623 .625 .627 .627 ok 

26) Easy to differentiate from other Dredging companies .502 .501 .501 .502 ok 

27) The Network Effects (Demand-side benefits of scale) .411 .409 .408 .411 reject 

28) The dredging firms communications and clients .460 .459 .459 .460 reject 

29) The reaction of the existing dredging firms to new entrants .402 .401 .401 .402 reject 

30) The extra cash flow in dredging firms and their loan capacity .639 .641 .643 .643 ok 

31) The Excess production capacity of dredging companies .614 .616 .618 .618 ok 

32) The price reduction by dredging firms to protect the markets share .511 .511 .511 .511 ok 

33) The clients interest to deliver some projects to the valid & state firms as 

well as on the cumulative package 
.616 .617 .618 .618 ok 

34) The impact of the government politics on the TNE .360 .358 .356 .360 reject 

35) The impact of the price and the quality of the complementary products 

on the TNE 
.333 .332 .330 .333 reject 

B
arg

ain
in

g
 P

o
w

er o
f C

lien
ts 

36) The number of clients .561 .562 .562 .562 ok 

37) Concentration and clients organization .340 .338 .336 .340 reject 

38) Price and the volume of dredging projects .663 .666 .668 .668 ok 

39) The price ratio of the dredging project against the overall clients costs .595 .596 .597 .597 ok 

40) the impact of dredging on the overall quality of the client’s project .284 .280 .276 .284 reject 

41) The impact of dredging on other clients costs .500 .500 .500 .500 ok 

42) The imposed cost to the client- Switching costs of  purchase resource .409 .408 .407 .409 reject 

43) The obtained profit for the client from dredging .342 .339 .337 .342 reject 

44) The applied pressure to client to reduce the dredging purchase costs .653 .655 .658 .658 ok 

45) The backward vertical integration of the client .412 .411 .409 .412 reject 

46) Information, knowledge of the consultants and their performance about 

dredging 
.551 .551 .552 .552 ok 

47) The purchase possibility for dredging services with less costs for client .628 .630 .632 .632 ok 

http://www.nuff.ox.ac.uk/users/klemperer/Farrell_KlempererWP.pdf
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F
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rs
 

sub-factors 

Crisp average Crisp 

value   

(MAXX) 

result 
X1

max X2
max X3

max 

48) The credit and the importance of some clients for dredging companies .653 .655 .658 .658 ok 

49) The impact of governments politics on the BPC .405 .404 .403 .405 reject 

50) The impact of the price and the quality of complementary products on 

the BPC 
.447 .446 .445 .447 reject 

T
h
reat o

f S
u
b
stitu

te 

P
ro

d
u
cts

 

51) The number of potential substitutes of dredging services .558 .559 .561 .561 ok 

52) The substitutes’ function similarity to the dredging companies’ services .554 .555 .556 .556 ok 

53) The price of substitutes services respect to dredging services .654 .657 .659 .659 ok 

54) The imposed cost to the client for using the substitute’s goods .346 .343 .341 .346 reject 

55) The quality of substitute services respect to the dredging activities .535 .536 .536 .536 ok 

56) The easy access of clients to substitute’s goods .396 .395 .393 .396 reject 

57) The ease of using substitute’s goods by the client .516 .516 .516 .516 ok 

58) The impact of governments politics on the TS .351 .349 .346 .351 reject 

B
arg

ain
in

g
 P

o
w

er o
f B

u
ild

ers an
d
 rep

airers o
f d

red
g
ers 

59) The number of foreign builders of dredger .665 .667 .669 .669 ok 

60) Concentration and organize the foreign builders of the dredger .407 .405 .404 .407 reject 

61) The differentiation between the foreign builders of the dredger .526 .526 .526 .526 ok 

62) The importance of the dredger for dredging firms .723 .726 .730 .730 ok 

63) The imposed cost to dredging companies- No purchase dredgers from 

abroad 
.454 .454 .454 .454 reject 

64) The imposed cost to dredging companies-switching costs of dredger 

foreign builders 
.493 .492 .491 .493 reject 

65) The dependency of foreign builders of dredger to Iranian companies .440 .439 .439 .440 reject 

66) The forward vertical integration of the dredging builders .365 .363 .361 .365 reject 

67) The backward vertical integration of dredging firms- dredging 

construction 
.377 .375 .373 .377 reject 

68) The number of Overhaul & underwater repairs’ companies .633 .636 .638 .638 ok 

69) The concentration and organizing of Overhaul & underwater repairs’ 

companies 
.465 .464 .464 .465 reject 

70) The differentiation of the Overhaul & underwater repairs’ firms .516 .516 .516 .516 ok 

71) The importance of conducting the Overhaul & underwater repairs for 

dredging companies 
.714 .717 .720 .720 ok 

72) The backward vertical integration of dredging firms - the Overhaul & 

underwater repairs 
.704 .707 .710 .710 ok 

73) The imposed cost to dredging companies- switching costs of the 

Overhaul & underwater repairs’ firms 
.456 .455 .454 .456 reject 

74) The dependency of the Overhaul & underwater repairs’ firms to 

dredging companies 
.604 .605 .607 .607 ok 

75) The forward vertical integration of the Overhaul & underwater repairs’ 

firms 
.375 .374 .372 .375 reject 

76) The impact of government politics on the foreign builders of the 

dredger 
.411 .409 .408 .411 reject 

77) The impact of governments politics on the Overhaul & underwater 

repairs’ firms 
.342 .339 .337 .342 reject 

B
arg

ain
in

g
 P

o
w

er o
f 

S
u
p
p
liers 

78) The number of the Excavation and embankment contractors .596 .597 .598 .598 ok 

79) The number of hydrography and survey companies .623 .625 .627 .627 ok 

80) The number of repairing & maintenance companies .519 .520 .520 .520 ok 

81) The number of towing companies .298 .295 .291 .298 reject 

82) The number of financial resources centers .296 .293 .290 .296 reject 

83) The number of suppliers .416 .416 .416 .416 reject 

84) The concentration and organizing of the Excavation and embankment 

contractors 
.411 .409 .408 .411 reject 
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Crisp average Crisp 
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(MAXX) 

result 
X1

max X2
max X3

max 

85) The concentration and organizing of hydrography and survey 

companies 
.412 .412 .411 .412 reject 

86) The concentration and organizing of repairing & maintenance 

companies 
.361 .359 .357 .361 reject 

87) The concentration and organizing of towing companies .426 .425 .424 .426 reject 

88) The concentration and organizing of financial resources centers .419 .418 .418 .419 reject 

89) The concentration and organizing of suppliers .398 .397 .396 .398 reject 

90) The differentiation of Excavation and embankment contractors .372 .371 .370 .372 reject 

91) The differentiation of hydrography and survey firms .405 .404 .403 .405 reject 

92) The differentiation of repairing & maintenance companies .307 .304 .301 .307 reject 

93) The differentiation of the towing and transportation companies .282 .279 .275 .282 reject 

94) The differentiation of the financial resources centers .411 .409 .408 .411 reject 

95) The differentiation of suppliers .367 .366 .365 .367 reject 

96) The importance of Excavation and embankment contractors .426 .425 .424 .426 reject 

97) The importance of the hydrography and survey firms .658 .661 .663 .663 ok 

98) The importance of repairing and maintenance firms .684 .687 .689 .689 ok 

99) The importance of the towing firms .374 .372 .371 .374 reject 

100) The importance of financial resources centers .458 .457 .455 .458 reject 

101) The importance of suppliers .377 .376 .375 .377 reject 

102) The imposed cost to competitors- switching costs of Excavation and 

embankment contractors 
.407 .405 .404 .407 reject 

103) The imposed cost to competitors- switching costs of the suppliers .465 .464 .464 .465 reject 

104) The imposed cost to competitors- switching costs of hydrography and 

survey firms 
.451 .450 .449 .451 reject 

105) The imposed cost to competitors- switching costs of repairing and 

maintenance firms 
.375 .374 .372 .375 reject 

106) The imposed cost to competitors- switching costs of the towing firms .465 .464 .464 .465 reject 

107) Dependency of Excavation and embankment contractors to dredging 

firms 
.268 .264 .261 .268 reject 

108) The Dependency of  Suppliers to dredging firms .425 .424 .423 .425 reject 

109) The dependency of  hydrography and survey firms to dredging firms .604 .605 .607 .607 ok 

110) The dependency of repairing and maintenance firms to dredging firms .604 .605 .607 .607 ok 

111) The dependency of  towing and transportation firms to dredging firms .430 .429 .428 .430 reject 

112) The forward vertical integration of the Excavation and embankment 

contractors 
.370 .368 .367 .370 reject 

113) The forward vertical integration of suppliers .332 .330 .329 .332 reject 

114) The forward vertical integration of hydrography and survey 

companies 
.395 .393 .392 .395 reject 

115) The forward vertical integration of the repairing and maintenance 

firms 
.463 .462 .461 .463 reject 

116) The forward vertical integration of the towing companies .402 .400 .398 .402 reject 

117) The backward vertical integration of the competitors- Excavation and 

embankment activities 
.704 .707 .710 .710 ok 

118) The backward vertical integration of the competitors- the hydrography 

and survey activities 
.598 .600 .602 .602 ok 

119) The backward vertical integration of the competitors- the repairing 

and maintenance activities 
.621 .624 .626 .626 ok 

120) The backward vertical integration of the competitors- the towing 

activities 
.398 .396 .394 .398 reject 

121) The government politics- the suppliers and Excavation and 

embankment contractors 
.396 .396 .396 .396 reject 



The Turkish Online Journal of Design, Art and Communication TOJDAC December 2017 Special Edition 

 

Submit Date: 01.09.2017, Acceptance Date: 15.11.2017, DOI NO: 10.7456/1070DSE/188 

Copyright © The Turkish Online Journal of Design, Art and Communication 
2025 

F
acto

rs
 

sub-factors 

Crisp average Crisp 

value   

(MAXX) 

result 
X1

max X2
max X3

max 

122) The impact of the price and the quality of the complementary products 

on suppliers and Excavation and embankment contractors 
.360 .358 .356 .360 reject 

 Source: Author 

 

2) The third stage of the research process: the determination of the secondary criteria 

After screening, the number of secondary factors and sub factors of macro and micro environment after two 

times QNR completion by fuzzy Delphi method, respectively 7 factors and 35 sub-factors for macro 

environment and 6 factors and 51 sub-factors for the micro environment as summarized in table 9.On the 

other hand from the 56 initial sub-factors of the macro environment, 35 sub-factors and from 122 initial sub-

factors in micro environment, 51 sub-factors were selected for the next level to form the secondary sub 

factors. 

Table 9. the number of secondary factors and sub-factors of the micro and macro environment 

The macro 

environment 

1. Political: 4 sub-factors                        5) Environmental: 4 sub-factors 

2. Economical: 11 sub-factors                6) Legal:4 sub-factors 

3. Sociocultural: 3 sub-factors                7) International: 3 sub-factors 

4. Technological: 6 sub-factors 

 The micro 

environment 

1. The Rivalry among Existing Competitors: 10 sub-factors 

2. The Threat of New Entrants: 10 sub-factors 

3. The Bargaining Power of Clients: 8 sub-factors 

4. The Threat of Substitute Products: 5 sub-factors 

5. The Bargaining Power of Builders and repairers of dredgers: 8 sub-factors 

6. The Bargaining Power of Suppliers:10 sub-factors 

 

CONCLUSIONS CONCLUSION AND FUTURE RESEARCH 

This study determined using a three-stage process, the external environment’s important criteria in the 

dredging industry including factors and sub-factors based on fuzzy Delphi method. These criteria were 

evaluated based on the models of the PESTELI in the macro environment and Porter's five competitive 

forces in the micro environment. finally, by considering the experts’ opinion using the fuzzy Delphi method, 

the initial criteria including 13 factors and 173 sub-factors (7 factors and 51 sub-factors from the macro 

environment and 6 factors and 122 sub-factors from the micro environment) were determined. Among the 

factors of the micro and macro environment, respectively the politic factors and the Rivalry among Existing 

Competitors and respect to sub-factors, the sub-factor of “foreign and regional policy and relations with 

other countries” and “the importance of the dredger for dredging companies” have the most important. After 

determination the importance of initial criteria and screening them based on the fuzzy Delphi method and 

two times filling the QNR, the secondary criteria including 13 factors and 86 sub factors (7 factors and 35 

sub factors from the macro environment and 6 factors and 51 sub factors from the micro environment) were 

determined. In fact, from the 173 initial sub-factors, 86 sub factors (with average more than 0.5) were 

selected for the next round to form secondary sub factors. The dredging companies’ managers by using 

these secondary factors are able to determine the opportunistic and threatening strategic factors specified 

for their company and formulate the strategy to coordinate and coincide more with environmental increasing 

variations. An overall analysis of the proposed three-stage process and the results showed that there is the 

possibility of determination of important criteria of external environment in the dredging industry including 

factors and sub-factors in a systematic and analytical mode based on fuzzy Delphi method. 

In this study, the triangular fuzzy numbers to overcome the current uncertainty and ambiguity in verbal 

terms and averages’ maximum method (Xi
max) to defuzzy was used. Therefore, the proposed three-stage 

process to determine external environment’s important criteria can be further developed by researchers in 

future studies by using the models of PESTELI, Porter's five competitive forces and porter’s diamond and 
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also defuzzication by “Converting Fuzzy data into Crisp Scores” (CFCS) method proposed by Opricovic & 

Tzeng (2003). 
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